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Preface

Organ transplantation is increasingly complex and at the same time
increasingly effective. The lengthening waiting list for cadaver organs
now exceeds the supply several-fold. Despite its high profile, not more
than 25,000 organs are transplanted each year in the United States with
a population of 270 million. Most practicing physicians encounter only
a few transplant recipients during a year of practice. This volume was
written as a quick, but comprehensive, reference for medical students,
residents, fellows, nurses, and practicing physicians who interface
intermittently with recipients and transplant teams. It contains twenty-
one chapters and twelve essays; together they present the standard of
practice and also controversial issues such as the ethical dilemma of
long waiting lists, noncompliance with long-term immunosuppression,
the relationship between acute and chronic rejection, the living or-
gan donor, the older cadaver donor, laparoscopic nephrectomy,
retransplantation, organ banks and the national transplant network’s
criteria for allocating organs to potential recipients, and the prom-
ise of xenotransplantation. Appendix I includes detailed informa-
tion about immunosuppressive drugs.

We thank colleagues who have so generously shared their wisdom
and insights in this volume and we solicit comments from the reader
about improving content and presentation of the material.

Frank P. Stuart, M.D.
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Dixon B. Kaufman, M.D., Ph.D.
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Immunologic Concepts
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INTRODUCTION

The dream of replacing a diseased human organ with one from a dead person is
ancient: legend states that Saints Cosmas and Damien in the fourth century A.D.
miraculously transplanted a leg from a dead man. Such a creature would be a
chimera, named after the “mingled monster” of Homer’s Iliad. The scientific study
of the biology of transplanting tissue dates to the first years of this century, when
Little and Tyzzer' defined the Laws of Transplantation, paraphrased as: “isografts
succeed; allografts are rejected.” The clinical practice of transplantation is gov-
erned by these laws. This chapter introduces the immunologic events in trans-
plantation, and in particular the molecular basis of these events, to be
supplemented by reviews.>!* Table 1.1 summarizes our approach, and Table 1.2
presents some useful terms. A recurrent theme is the “allo” relationship, which
describes the relationship between two members of the same species who are not
genetically identical. Thus we can describe alloantigens, allografts, and alloantibody.

THE FATE OF ALLOGRAFTS
Allografts are usually rejected in one of three patterns: acute rejection;
accelerated and hyperacute rejection; and chronic rejection.

ACUTE REJECTION

Around 5-7 days the tissue begins to manifest signs of two processes: inflamma-
tion and specific cell injury. The inflammation is manifested by infiltration with
mononuclear cells, accompanied by edema and reduced blood flow; specific
destruction of parenchymal and endothelial cells by infiltrating lymphocytes,
coupled with decreased perfusion, cause a rapid loss of function. Destruction of
blood vessels frequently leads to late infarction of some or all of the tissue.

ACCELERATED AND HYPERACUTE REJECTION

If certain organs, particularly kidneys, are transplanted into a recipient who has
high levels of preformed antibodies against donor alloantigens of the graft endot-
helium, particularly HLA class I (see below) or ABO blood group antigens, hyper-
acute rejection follows. The antibodies on the endothelium fix complement, which
attracts polymorphs, and destroy the endothelium within hours or even minutes.
Hyperacute rejection is usually prevented by “crossmatching’, i.e., testing the
recipient’s serum for complement-dependent antibodies against donor lymphocytes.'®

Organ Transplantation, 2nd edition, edited by Frank P. Stuart, Michael M. Abecassis
and Dixon B. Kaufman. ©2003 Landes Bioscience.
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Table 1.1. Outline

I. The Fate of Allografts

II. The Principal Molecules of Allorecognition

III. T-Cell Recognition and Triggering

IV. Specific Immune Responses of T Cells and B Cells
V. Organization of Inflammation

VI. Changes in the Target Issue

VIIL. Target Injury
VIII. Host and Graft Adaptation
IX. Chronic Rejection

Table 1.2. Classification of grafts according to origin

Autograft  Tissue from one site to another in the same individual

Isograft Tissue from one individual to another with the same genotype (e.g., grafts
between monozygotic twins)

Allograft  Tissue from genetically disparate individuals from the same species

Xenograft  Tissue from a different species (e.g., porcine cardiac valves)

If the recipient has previously been sensitized against donor antigen, e.g., by
pregnancies, transfusions, or previous grafts, but does not have preformed
antibodies in the circulation, rejection may occur around day two or three,
earlier than typical acute rejection. This accelerated rejection is more vigorous, a
reflection of specific immunologic memory for the antigens of the graft. It is
mediated by the rapid return of high levels of specific T cells and/or alloantibody
directed against the antigens of the graft.

CHRONIC REJECTION

An initially successful transplant may gradually lose its function in a slow
scarring process. The arteries become obstructed by intimal thickening, and the
graft undergoes progressive parenchymal atrophy and interstitial fibrosis. Chronic
rejection has been most studied in patients with renal and heart transplants, and
can occur months to years after transplantation. In some cases it may be anti-
body-mediated, but typically no antibody is demonstrable and the pathogenesis
is not understood.'® In heart transplants, the result is a potentially lethal form of
diffuse obliteration of the medium and small coronary arteries, sometimes called
graft atherosclerosis. In lung transplants scarring of the small bronchioles occurs
(bronchiolitis obliterans) whereas in liver transplants the bile ducts are attacked
(the vanishing bile duct syndrome).

Rejection is an immune response and the manifestations are attributable to
molecules. We will now outline those molecules and how they lead to rejection.
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THE PRINCIPAL MOLECULES OF ALLORECOGNITION

Synopsis: Allogeneic stimulation results when specific clones of recipient T cells
“see” donor major histocompatibility complex (MHC) as nonself, in conditions
favorable to triggering. The molecules central to understanding allorecognition are
the MHC, T cell receptor (TCR), immunoglobulin (Ig), CD4 and CD8, all of which
are members of the immunoglobulin (Ig) superfamily; the adhesion molecules, and
the cytokines and their receptors. Allogeneic stimulation is thus based on specific
antigen recognition, plus a wide variety of permissive nonantigen specific interactions of
proteins with complementary sites on other proteins.

First, a reminder. Protein structure is classified as primary, secondary, tertiary,
and quarternary. The primary structure is the amino acid sequence, formed by
peptide linkages between amino acids (NH-C-C(=0)-NH-C-C(=0)). Secondary
structures can be either a-helices or B-pleated sheets, formed by hydrogen bonds
between the NH groups in peptide linkages and the oxygens of carboxy (C=0)
groups. If these bonds form internally between amino acids four residues apart,
an a-helix forms. If H bonds form externally, with a remote portion of the
protein, or with a different protein, the adjacent strands of amino acids (f strands)
form a B-pleated sheet. Portions with no secondary structure are often termed
“loops”. Tertiary structure is the folding and assembly of the sheets, helices, and
loops of a polypeptide into a distinct shape. For example, adjacent a-helices can
form a bundle, and B-sheets can form barrels. The quarternary structure is the
assembly of individual polypeptides into multimers.

Distinct regions (domains) of a protein serve distinct functions. The exons of a
gene encoding a protein often echo the domain structure of the protein, with
separate exons encoding each domain. Proteins that will be expressed in membranes
or secreted often have leader peptides to guide their insertion into membranes.
Leader peptides are encoded by leader sequences in the gene.

THE IMMUNOGLOBULIN (IG) SUPERFAMILY

Ig superfamily proteins contain one or more Ig domains.'” The Ig domain is a
polypeptide of about 90 amino acids (molecular weight about 12 kd) typically
encoded by one exon. It contains seven f strands, designated A-G, separated by six
loops, 1-6 (Fig. 1.1). The f strands align to form two antiparallel B-pleated sheets,
one four-stranded (A, B, E, D) and one three-stranded (C, E, G), connected by a
disulfide bond. The f strands confer the structure and the loops mediate many of
the functions, especially loops 2, 3 and 6. Many Ig superfamily proteins evolved by
tandem duplication of the exon for the Ig domain. They also have other domains,
including membrane anchors; intracytoplasmic domains which may have signalling
functions; and “sheet and helix” domains, as seen in the MHC proteins.

THE MAJOR HISTOCOMPATIBILITY COMPLEX

The human MHC is the human leukocyte antigen or HLA complex of genes. It
spans four million base pairs (bp) on the short arm of chromosome 6 (6p).!5%
These genes encode the strong transplantation antigens, the class I and II MHC
proteins. We shall examine the structure of these proteins and the organization of
the genes.
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THE Ig DOMAIN AND THE V VARIANT
(a) typical Ig domain
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Fig. 1.1. The secondary and tertiary structures of a typical immunoglobulin (Ig) domain
with a variable (V) type of Ig domain. The typical Ig domain has seven f strands (a to g)
separated by six loops (1 to 6). The V domain, a specialized Ig domain, is found at the N
terminal of Ig light and heavy chains, all TCR chains (a, 3,y ,8), CD4, CD8, and ICAM-1.
In V domains, the loop 3 between strand C and strand D forms two more f strands, C
and C”. The CDRs (complementarity determining regions) form the combining sites in
antibodies and T-cell receptors that recognize specific antigens.

THE MHC PROTEINS

The MHC class I and II proteins are antigen presenting structures. They bind
peptides inside cells and display them on the cell surface for T cells to “read” for
signs of intracellular infection. They also play a role in the ontogeny of T cells in
the thymus.

Class I is expressed on most cells and samples the peptides in the cytosol,
typically for virus infection. Class IT has a restricted tissue distribution, confined
to specialized antigen presenting cells (APCs) (macrophages and B cells). Class II
samples the peptides in the endosomal compartment of antigen presenting cells,
looking for proteins taken up by endocytosis, e.g., from extracellular infectious
agents. Differences between class I and II are listed in Table 1.3. They share a similar
organization: a pair of Ig domains adjacent to the membrane, plus a pair of “sheet
and helix” domains, plus transmembrane and intracytoplasmic portions (Fig. 1.2).

THE MHC “SHEET AND HELIX” DOMAIN IN CLASS I AND II STRUCTURES
The sheet and helix domains form the peptide binding groove, which is central to
the whole immune response. The first half of each sheet and helix domain (about
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Table 1.3. Features of class I and class II MHC

Distribution

Structure

Size of peptide presented
Source of peptide

Important T cell
co-receptors

Important assembly
factors

Class I
diffuse—all cells

single a chain non-
covalently bound to
[3,-microglobulin
8or9aa.

cytosol

CD4 (on helper
T lymphocytes)

LMPs, TAPs,
chaperone proteins

Class IT
specialized—

macrophages and B cells

a-f heterodimer

13-25 a.a.
endosomes

CDS8 (on cytotoxic
T lymphocytes)

invariant chain

class I

membrane!

C

C

Fig. 1.2. The structure of MHC class I and II molecules are compared. The class I molecule
includes the $7-microglobulin protein (labelled f3,, shown in gray). The class I molecule
has the same pattern, but is formed by a dimer of an o and § chain. The domain in the o
(a3) chain adjacent to the membrane is similar to 32-microglobulin. C = C terminal. Ar-
row shows the loop 3 region, which is the site for CD8 interaction with class I and possibly
CD4 with class IT (Reproduced with permission from Sigurdardottir S, Borsch C, Gustafsson

K, et al: J. Immunol. 1992; 148:968-973.
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45 amino acids) has four p strands—A, B, C, D—folded antiparallel to form a
sheet. The remainder of the domain forms a long interrupted o-helix. Two sheet
and helix domains pair face-to-face: the B-pleated sheets align to form a single
eight-strand B-pleated sheet which serves as the floor of the groove, and the
a-helices form the walls.

The class I groove accommodates short peptides of about nine amino acids,
and the class II groove accommodates longer peptides—13-25 amino acids. A
concerted effort is underway to solve the rules which govern the occupation of the
groove by peptides.?-22

The structures of both class I>*?* and class II>* are known. Class I and IT molecules
are organized differently (Fig. 1.2). The class I has a long a chain, with two sheet
and helix domains (a1 and a.2), one typical Ig domain (a3), a membrane anchor,
and an intracytoplasmic domain. The structure is completed by ,-microglobulin,
a single Ig domain, which interacts with the a3 domain. An important region of
class I'is loop 3 of the a3 domain which interacts with CD8.26:

The class IT molecule is assembled from a pair of nonidentical class II proteins,
an o chain and a B chain. Each has a sheet and helix domain, an Ig domain, a
membrane anchor, and an intracytoplasmic domain. The two sheet and helix
domains (al and B1) form the peptide binding groove. The loop 3 region of the
second domain of class IT b chain forms the site of interaction with CD4.2428

THE MHC GENES

The DNA of the human MHC can be divided into four regions: class IT and III
regions, each 10°bp; the class I region, 1.5 x 10° bp; and the class Ib region, 0.5 x 10°
bp. The organization of the HLA genes is shown in Figure 1.3.

A class I gene has eight exons: a leader sequence, two exons encoding sheet and
helix domains (a1 and a2), the exon for the Ig domain (a.3), an exon for the trans-
membrane region, and three short exons for the cytoplasmic domain. Most of the
polymorphism is in selected regions of exons 2 and 3. While about eight class I
genes are expressed in HLA, the most important for clinical transplantation are A
and B. The B,-microglobulin gene is encoded separately on chromosome 15.

A class IT gene has five or six exons: a leader sequence; exon 2 encoding the
sheet-and-helix domain; exon 3 encoding the Ig domain; and two or three exons
encoding the membrane anchor and cytoplasmic domain, for a total of five or six
exons. Most of the class IT polymorphism is in selected sites in exon 2. The
expressed class IT genes, in order, are two DP genes (DPB1, DPA1), one DN gene
(DNA), one DO gene (DOB), two DQ genes (DQB1, DQA1); a variable number
(1-3) of DRB genes, depending on the haplotype; and DRA. For transplantation
the important class IT genes are the DRA and B.

MHC POLYMORPHISM

MHC class I and II genes are highly polymorphic, in selected sites, namely the
bases that encode amino acids which determine the shape of the peptide binding
groove. These sites create pockets and reactive groups which interact with the
amino acid side chains of peptides. Polymorphism of these sites may be generated
by exchange of short DNA sequences between closely related genes (“interallelic
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ORGANIZATION OF THE HLA GENES
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Fig. 1.3. The organization of the major histocompatibility complex genes on chromosome 6.
The new genes of particular interest include the LMP (large multifunctional protease), which
encodes the components of the proteasomes and the TAP (transporters associated with anti-
gen processing). Other genes shown include the class IIA genes (DPA, DNA, DQA, DRA), the
class IIB genes (DPB, DOB, DQB, DRB), the tumor necrosis factor genes (TNFa and TNFf)
and the class I genes (A, B, C). The complete DNA sequence for the human HLA complex
has now been published (Nature 1999(401):921-923.)

segmental exchange”).>3! Segmental DNA exchange preserves a “cassette” of amino
acids which work together to create a binding site. The MHC polymorphisms
have been developed over tens of millions of years.*

CONTROL OF GROOVE OCCUPANCY: ANTIGEN PROCESSING

AND PRESENTATION'?

Class IMHC molecules present peptides from endogenous proteins and class II
MHC molecules present peptides from exogenous proteins,* with exceptions.**
This difference stems from the routes of intracellular trafficking for class I and II
after they are synthesized in the endoplasmic reticulum (ER).%

Newly synthesized class I heavy chains fold and assemble noncovalently with
B,-microglobulin and peptide in the ER.?3* The binding of peptides stabilizes the
heavy chain—,-microglobulin complex for transport via the Golgi apparatus to
the cell surface, guided by chaperone proteins.*”%
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Newly synthesized class IT molecules in the ER cannot bind peptide because a
portion of the invariant chain occupies the peptide groove.*® Invariant chain guides
the class IT from the ER through the Golgi apparatus to an acidic compartment of
endosomes.**? Proteins taken into the cell by endocytosis enter the acidic
endosome and are broken down by proteases. Invariant chain protecting the class
II groove is also degraded in the endosome,* freeing the groove to bind peptide.
Peptides 13-25 amino acids in length occupy the grooves of class IT molecules.*
Class I molecules may “select” peptides by protecting fragments of larger proteins
from degradation.* A larger peptide bound in the class II groove could hang out
the ends and the exposed ends may be “trimmed”* After peptide binding, class I
is stable and is transported to the cell surface.

Endocytic vesicles from the cell surface sample the external environment and
also receive self membrane-bound molecules. Thus DR1 molecules often contain
peptides from self MHC class I and II.#34¢

In B cells antigen binds to the B cell receptor and is internalized into the
endosome. Such antigenic proteins are broken down into peptides, bound by
class IT, and exported to the cell surface to permit T cells to help the B cell to make
an antibody response (see below). In addition, the endosome may receive cytosol-
derived peptides transported via chaperones of the heat shock protein 70 (hsp70)
family.**8 This enables class II to present some endogenously derived peptides.**

PROTEASOMES AND PEPTIDE TRANSPORTERS

To permit cytosolic peptides to be displayed by class I molecules, proteins from
the cytosol must be broken down to short peptides, and the peptides must have
access to class I grooves in the ER. This requires mechanisms to degrade proteins
and to transport the peptides into the ER. Peptides are generated by proteasomes,
large cytoplasmic complexes containing protease activities. Genes for two
proteasome components are located in the class II region, although their function
is to assist class I products.*->! The proteasome genes are termed LMP2 and LMP7
(large multifunctional protease genes). They are polymorphic subunits of the
proteasome complex which lyses cytoplasmic proteins.”>>* The transporters (called
TAPs or transporters associated with antigen processing) are TAP1 and TAP2.515564
The transporters are located in the membrane of the ER. Polymorphisms occur in
the TAP genes but the importance of these is unknown.

Thus cytosolic proteins are digested into peptides by proteosomes, access the
ER via transporters, and engage the groove. The LMP and TAP genes, like the class
I heavy chain and the class II genes, are upregulated by IFN-y.*

ANTIGEN RECOGNITION MOLECULES

A specialized Ig domain—the variable or V domain—is found at the N terminal
of Ig light (L) and heavy (H) chains, all TCR chains, and CD4, CD8, and ICAM-1
molecules. In V domains, loop 3 between strand C and strand D forms two more
B strands C’ and C”, and joins f strands C, F, and G to form a five-stranded p-sheet
(C,C,C,EG) (Fig. 1.1).
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In antigen recognition receptors (TCR, immunoglobulins), the V- domains are
highly variable or “hypervariable” to permit specific recognition of many different
antigens. The variability is confined to loops 2, 3, and 6 (Fig. 1.1). These loops
form the “complementarity determining regions” or CDRs: loop 2 forms CDRI,
loop 3 CDR2 and loop 6 CDR3. The CDRs form the combining sites in antibodies
and T cell receptors that recognize specific antigens. The six CDRs determine the
antigenic specificity.

IMMUNOGLOBULIN, B-CELL RECEPTORS AND ANTIBODY

An antibody molecule is formed by two L chains and two H chains. Each L or H
chain has a variable region, Vy; or Vi, which is a single V domain, and a constant
region, Cy; or C;. The L chain constant region is one Ig domain. The Cy region
consists of three or four Ig domains. The V regions of the L and H chains pair to
form the antigen binding site: the three CDRs of Vy, plus the three CDRs of V;. H
chains are of five types, designated by the Greek letter for the Ig class in which they
are found: o, IgA; v, IgG; u, IgM; §, IgD, and ¢, IgE. In transplantation the most rel-
evant Ig classes are IgM and IgG.

B lymphocytes and their progeny, plasma cells, make immunoglobulin.
Immunoglobulin can serve as the antigen receptor or can be released into the
circulation. Each clone of B cells expresses only one type of L chain (lambda or
kappa) with one type of V; region. It can make only Vy;, but can associate this with
different Cy; and thus switch the class of Ig which it is making. Switching Cy; while
retaining the same Vy; and the same L chain is called Ig class switching. Since the
clone makes only one V; and one Vy, it can make only one antigen specificity.

The B cell antigen receptor on naive B cells, i.e., never exposed to antigen, is
monomeric IgM. Some B cells also have IgD receptors. After antigen exposure
they undergo class switching and express IgG, IgA, or IgE on their membranes.
Stimulation of the cell results in massive production of soluble antibody.

T-CELL RECEPTOR (TCR)

The TCR (Fig. 1.4) is a dimer of nonidentical o and B chains. There is a second
TCR, which is a dimer of y and 8 chains, but most allorecognition can be attributed
to ap receptors. Each TCR « or f chain resembles an Ig light chain, having V and
C regions, with the addition of a membrane anchor and intracytoplasmic region.
The TCR'V region is believed to be similar to the Ig V region.®® The V domain is
hypervariable in loops 2, 3, and 6, forming CDR1, CDR2, and CDR3 in each V
region of the dimer. The V,, and V;; regions dimerize face to face with their CDR3s
adjacent in the center and their CDR1 and 2 on the outsides. Despite the fact that
the TCR structure is not solved, inferential evidence confirms this model.® The y§
receptor may be similar.

How THE TCR ENGAGES MHC

Tt is likely that all six CDRs of the TCR engage the upper surface of the MHC.%7:%
The outer regions of the TCR (CDRs 1 and 2) engage the a-helices of the MHC,
and the central region (the CDR3s) engages the peptide. One model is that the
TCR-a chain CDRs engage the a-helix of the a1 domain of class I or class I1.% The
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MHC/peptide binding site

Viype
domains

Fig. 1.4. A schematic model for the T-cell receptor (TCR), a dimer of a, f, or yd chains.
Each chain resembles an Ig light chain, having variable (V) and constant (C) domains.
The Va and VB domains dimerize face-to-face with the CDRs 3 adjacent in the center and
their CDR1 and 2 on the outsides. The outer region (CDRs 1 and 2) engages the a.-helices
of the MHC and the central region (the CDRs 3) engages the peptide.

TCR-B chain engages the other a-helix—either the a2 domain of class I or the p1
domain of class IT. The CDR3 region is the most variable of the CDRs in the T-cell
receptor. This fits well with the notion that the CDR3s have to bind to the anti-
genic peptide, whereas the CDR1 and 2 must engage the a-helices, which are much
less variable. The affinity with which soluble TCR binds MHC in solution is
surprisingly weak, much less than the affinity of antibody for antigen.® This puzzle
is not explained.

CD4 AND CDS8

CD4 and CDS8 are termed co-receptors because they bind to the same MHC
molecule as does the TCR, and are often important for TCR triggering. The CD4
molecule is a chain of four Ig domains plus a membrane anchor and an intracellular
portion. The CD4 first and second domains form a rigid rod because the last
strand of the first domain (strand G) is elongated to become the first § strand of
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the second domain (strand A).772 The N terminal domain is of the V type. The
third and fourth domains repeat this arrangement to give a second rod, hinged to
the first.”! The two N terminal domains engage the f chain of MHC class 11?57
(Fig. 1.5). The CD4-class II f2 domain interaction may be species specific.”*

The CD8 molecule is a dimer,”>7¢ similar to TCR. The CDR loops of the V do-
mains of CD8 engage the class | MHC molecule in the a3 domain.”* CD8 may be
either an af or ao dimer; the functions of these dimers may differ.”” The CD8-class
I interaction is species specific, which could be relevant in xenotransplants.”®

DIVERSITY, VARIABILITY AND POLYMORPHISM
The MHC, TCR, and immunoglobulin products must exist in many forms to
mediate specific antigen recognition. This requires diversity in the corresponding

CD3 complex
’

) tyrosine kinases

TN

Fig. 1.5. T cell receptor (TCR) engagement with the MHC. The TCR engages the upper
surface of the MHC molecule. The co-receptors, CD4 for class II and CD8 for class I, also
bind to the MHC, often triggering the TCR. The two N terminal domains of the CD4
engage the MHC class II. The structure of the TCR-MHC complex has never been solved.
(Garboczi DN, Ghosh P, Utz U et al. Nature 1996; 384:134-141)
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genes, but the demands on MHC products are very different from those on TCRs
and antibodies. MHC products are antigen presenting structures which must
exist in many forms in the human population but few forms in any one individual.
Thus MHC genes encode the proteins without random generation of
diversity, but with enormous numbers of alleles in the population.

Antigen receptors (Ig and TCR) generate diversity randomly from a high
number of genes encoding V regions of the L and H chains. These Ig genes rearrange
in B cell precursors to randomly generate great diversity in selected sites, the CDRs.
Thus, unlike the MHC alleles, the TCR and antibody genes combine germ line
diversity with massive randomly generated somatic diversity to give each person
an enormous repertoire of V region specificities by which antibody or TCRs can
engage antigen. The potential repertoires of Ig and TCR chains is estimated at 10°
to 10° specificities each.

Each Ag recognition structure involves combining two different chains (heavy
chain with light chains in the Ig molecule, and o with f, or y with § in the TCR).
The potential diversity created by combining such diverse molecules increases
beyond 10" for antibody and beyond 10'>'® for TCR aff and TCR v8.

In the case of MHC genes, the polymorphism is mainly confined to the bases
encoding the amino acids lining the groove. In the TCR and Ig genes, the diversity
is mostly confined to the regions encoding CDRs.

WHAT IS ALLORECOGNITION?

When T cells of a recipient encounter allogeneic MHC, in the context of
appropriate additional signals, stimulation of some of the recipient T-cell clones
occurs. How allorecognition occurs in vivo is not clear. Small numbers of amino
acid differences in the donor MHC can lead to strong responses. This could be
because (1) they alter groove shape and thus determine peptide occupation of the
groove; (2) they change the shape of the upper surface of the native molecule and
change the interaction with the TCR; or (3) they make MHC peptides antigenic.

The donor MHC differences can be presented by either a direct or indirect path-
way of presentation. “Direct” refers to recipient T cells recognizing donor MHC
molecules on donor antigen presenting cells. Direct recognition could
reflect recognition of a-helix differences affecting the contact sites for TCRs on
the a-helices;* or differences in the peptides in the groove.81:¢?

“Indirect” presentation of donor MHC requires recipient antigen presenting
cells with peptides of donor MHC molecules in their grooves. Recent evidence has
emphasized the importance of the indirect pathway, particularly since immunity
and tolerance can be induced by peptide alone.5*8*

THE POTENTIAL IMPORTANCE OF PEPTIDES OF DONOR MHC ANTIGENS

Peptides from MHC class I proteins are prominent among peptides occupying
the class I groove®>%” and peptides of class I and IT and invariant chain are prominent
in the class IT groove of DR1.434>468 This has given rise to the possibility that a
major component of -- across an MHC difference is due to recognition of MHC
peptides in the donor (direct) or host (indirect) MHC grooves.
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Indirect presentation of allogeneic donor MHC peptides in self MHC class II
grooves (and possibly in class I grooves) by host antigen presenting cell (APC)
must involve recognition of differences in amino acid sequences. Indirect
presentation is a distinct possibility for triggering CD4 T cells, and could generate
“help” for both T cell and antibody responses as well as inflammation akin to
“delayed type hypersensitivity”. However, graft injury by cytotoxic T cells must
involve direct recognition.

T-CELL RECOGNITION AND TRIGGERING?%!!

Synopsis: Engagement of the TCR and CD4 or CD8 activates protein tyrosine ki-
nases (TKs) associated with the intracytoplasmic portions of the receptor. TKs trigger
second messengers and initiate several signalling pathways which eventually alter
proteins which regulate the transcription of genes for cytokines and cytokine receptors.
This locks the T cell into activation. Signals provided by additional membrane receptors
such as CD28 also play a key role (“second signals”).

THE NATURE OF TCR TRIGGERING

The binding of sufficient TCRs to MHC molecules is a necessary condition for
T cell activation by antigen. The signal requires the CD3 complex, which includes
¥, 8, ¢, and the long € chains.* How does TCR binding to MHC alter CD3? This
problem is generally explained by one of two mechanisms:

1.Conformational change: engagement of the V regions alters remote parts of the
TCR, which in turn alters the CD3 complex; or

2.Crosslinking: the TCR complexes are brought together by engaging
antigen and activate one another. Dimerization of class II molecules may
serve to bring TCRs together to aid triggering. This would imply that class
II recognition may proceed through a complex of two TCRs and two CD4s.

Crosslinking is a common mechanism of triggering of receptors in general. Class
I may be able to form multimers,” and the dimeric nature of CD8 and of class II
suggest that crosslinking could occur.” Nevertheless, TCR-mediated T cell activa-
tion in vivo may reflect molecular changes triggered by the assembly of the TCR-
CD3-CD4 or CD8 complex, in which the CD4 or CD8 molecules play key roles,
particularly if the affinity of the TCR for the MHC is low.”!

The CD3 complex is the transducer which tells the interior of the cell that the
TCR has engaged MHC. The ¢ chains interact directly with the tyrosine kinases.
Meanwhile CD4 (or CD8) engage the MHC, and assembly of the complex brings
a series of tyrosine kinases together.

THE KEY ROLE OF TYROSINE KINASES

The CD3-TCR complex is associated with at least three TKs: ZAP, p59%", and
p50<k. CD4 and CD8 are associated with another protein tyrosine kinase, p56'~.
TKs phosphorylate the tyrosine residues in the CD3 molecule ¢ chain, in key
transduction molecules, and in one another. The functions of p56'< and p59%»
have been shown in knockout mice to be nonoverlapping: p59%" knockouts have
defective TCR signalling and p56'* have defective thymocyte development.®>** The
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tyrosine kinase p50°®* may be particularly involved in negative signalling
Wl (tolerizing) the T cell when the TCR is signalled. TKs activate many signalling

pathways, including:

1. Ras: the tyrosine kinases can activate the Ras pathway through recently dis-
covered intermediate proteins such as Shc® and GRB2;°%7 activation of Ras
then triggers a cascade which can activate enzymes such as mitogen activated
protein kinase (MAP kinase) and eventually impact on cell division.

2. PLC-y1, which lyses the membrane phospholipid phosphatidyl inositol
bisphosphate to yield IP; and diacylglycerol (DAG). DAG activates pro-
tein kinase C (PKC) and inositol trisphosphate (IP;) binds to
receptors on the ER to release stored calcium and raise intracytosolic Ca**
levels. The high Ca?* is then sustained by increased calcium entry through
channels in the plasma membrane to maintain high cytosolic Ca** con-
centrations.”

3. Phosphatidyl inositol-3-kinase and several others.

Each of these pathways has multiple consequences leading to expression of many
genes, blast transformation, mitosis, and expression of effector functions. The
calcium-dependent pathway is critical for T-cell activation and important in trans-
plantation. High intracellular calcium activates calcium-regulated enzymes,
particularly the enzyme calcineurin (CN). This is a calcium- and calmodulin-
dependent serine phosphatase. It activates transcription factors for some key
cytokines, particular members of the nuclear “factor of activated T cells” or NF-AT
family. CN is the target for some of the most important immunosuppressive agents,
cyclosporine and tacrolimus (FK506).

Within minutes, mRNA is transcribed from the “immediate” genes, which do
not require new protein synthesis. Some of these are transcription factors. The
newly synthesized transcription factors, plus the newly activated factors, now
activate a second set of genes. The mRNAs and products for IL-2, IFN-y, and other
cytokines and certain cytokine receptors then appear.

COSTIMULATION (“SIGNAL 2”)

When the naive T cell encounters alloantigen, it requires other signals before
proceeding with activation,” in keeping with the classic two-signal model of
lymphocyte activation.!” Signal 1 is the allogeneic MHC antigen, which must be
at a high density to trigger a primary T-cell response. High antigen expression
may be one reason why antigen presenting cells (dendritic cells and macrophages)
are required. “Signal 2” is the nonantigen signal provided by antigen presenting cells.

(A classic belief in immunology is that when T cells engage antigen without
appropriate second signals, anergy results. This renders the identity of the second
signals crucial for transplantation and immunosuppression. If we could block them,
we might induce anergy.)

“Signal 2” may involve certain adhesion molecules of the Ig superfamily,
notably B7-1 and B7-2 (also called B70) on the APC, engaging CD28 on the T
cells. 1015 CD28 activates systems in the T cell which synergize with the signals
from the T-cell receptor. CD28 amplifies and prolongs signal 1, increasing IL-2
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transcription and prolonging the half life of IL-2 mRNA.!% In CD28 knockout
mice, T-cell triggering can still occur, indicating that other systems can compen-
sate.!” Other signals from the antigen presenting cell, which could contribute to
signalling, include other adhesion molecule ligand receptor pairs on the APC and
T cell respectively (ICAM-1-LFA-1 and LFA-3-CD2), and cytokines such as IL-1
and IL-6 produced by the antigen presenting cell.

Stimulation of the primary T-cell response may require all of these, in a
“conversation” between T cells and APC:s initiated by high density of the allogeneic
class IT molecules on the APCs in the context of cytokines and adhesion mol-
ecules. The signals from the triggered CD4 T cells then activate the APCs to
increase the signals to the T cell in a cascade of reciprocal activation.

One of the key sites for regulating signal 2 may be a expression of CD40 ligand.
CD45 is a tyrosine phosphatase on the surface of all marrow-derived cells whose
function may be to keep the key tyrosine in tyrosine kinases (Ick and fyn)
dephosphorylated and ready to participate in triggering.'%

DETAILS OF SIGNAL TRANSDUCTION AND T-CELL ACTIVATION:

CONTROL OF CYTOKINE EXPRESSION

PLC-y1, activated by tyrosine phosphorylation, lyses membrane phosphatidyl
inositol bisphosphate (PIP,), releasing DAG and IP;. DAG activates PKC which is
also activated through other pathways, including calcium flux. PKC activation
leads to the transcription of several genes which encode transcription factors such
as fos and jun which form the complex called AP-1, composed of the Jun and Fos
proteins.'%

1P, binds to receptors on the endoplasmic reticulum which release calcium into
the cytosol. The high cytosolic calcium is then sustained by changes in mem-
brane transport.'® The high calcium activates calcium-dependent enzymes, one
of which is CN. CN activates cytosolic factors called NF-AT, which is free to trans-
locate from the cytosol to the nucleus.!'"!'> When cytoplasmic and nuclear factors
assemble to form the full NF-AT complex, transcription of IL-2 mRNA begins.
While the NF-AT sites account for the majority of inducible IL-2 expression, it is
likely that the NF-«B site''® and the octamer site are also critical. The charac-
teristic behavior of the IL-2 gene requires the interaction of multiple tran-
scription factors binding to these sites.

Similar events occur with other cytokine genes, although less is known about
them. The result is a wave of transcription of cytokine mRNAs. Note that this is
the “second wave” of protein synthesis, the first being the nuclear factors which
control the cytokine promoters. In this sense the cytokines are “early”, not
“immediate” genes.!?

Naive CD4 T cells make predominantly IL-2 in their first encounter with antigen,
whereas previously stimulated or memory T cells make other cytokines. IL-2
engages its receptor, and other cytokines engage through their receptors, giving
waves of receptor triggering and signal transduction. The cell becomes committed
to activation, differentiation, mitosis, and clonal expansion. Effector functions
emerge such as cytotoxicity in CD8 cells. Eventually the molecules associated with
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memory and recirculation, such as the “very late antigens” or VLA molecules,!!*
appear.

CYTOKINES AND THEIR RECEPTORS’

The term “cytokine” includes the interleukins, interferons, and colony
stimulating factors of the hematopoietic and host defense system. They are protein
mediators which signal cells through specific membrane receptors. Cytokines and
their receptors are related in structure and function to protein hormones and their
receptors. Cytokines have certain characteristics:

1. Short half-life: cytokine mRNAs and cytokines themselves have short half-
lives to permit fine regulation.

2. Relatively small size: the typical cytokine gene is about 4-5 kb in length,
with about four exons. Numerous AT sequences at its 3' end confer a short
half life on the mRNA.""> The protein is typically a polypeptide chain of
about 10-20 kD, often glycosylated and/or multimerized to a higher mo-
lecular weight.

3. o-helical structure: many cytokines are folded into a bundle of four to six
a-helices, sometimes with very short § strands. Exceptions include TNF-a,
a sandwich or “jelly roll” of antiparallel B strands, and TGF-B, which has
both a-helices and 3-pleated sheets.!'®

4. Multimer formation is common: IFN-y and TGF-f are dimers, and TNF-a
is a trimer.!?”

5. Cytokines are generally not stored but are synthesized and secreted when
needed. They are not usually expressed as membrane proteins, but some
have membrane-bound variants, e.g., TNF-a!'® and IL-1.

6. The main control of cytokine production is transcriptional, although post-
transcriptional control is known, e.g., for TNF-a.!"

Cytokines often act in concert with other cytokines: interactions (synergy, com-
petition, and antagonism) are common. Cytokines are pleiotropic (i.e., have many
effects) and redundant (i.e., have overlapping effects). Cytokines commonly induce
other cytokines in a cascade. Self-amplifying circuits are common to
facilitate rapid potent responses. The potency of the cytokine response is impressive
as is well known to the clinician who observes the cytokine release syndrome after
OKT3 treatment (see below).

Some cytokines are produced in normal tissues at low levels and affect growth,
development, and homeostasis, e.g., the maturation of T and B lymphocytes. But
their most characteristic effects are in inflammation and host response to injury
or infection.

“Knockout mice” are providing important insights into the roles of cytokines
and their receptors.'?12 In knockout mice, both copies of the target gene have
been mutated to prevent expression. Such strategies may underestimate the
importance of the deleted structure because the deletion forces the embryo to use
other cytokines to develop, thereby maximizing apparent redundancy. Moreover,
the laboratory mouse, protected from many of the usual pathogens of its species,
tolerates immune defects which would be more serious in the natural environment.
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Surprises arise in knockouts: for example the IL-2 and IL-10 knockouts, as well as
some TCR knockouts, get inflammatory bowel disease for unknown reasons.!2412°

Cytokine receptors are typically multimers of different transmembrane proteins,
one or more which have an external ligand-binding domain, and an intracyto-
plasmic signalling domain. One or more chains may bind the cytokine with high
affinity, but the multimer is required for internalization and/or signalling. Cytokine
receptors are classified into families on the basis of their external, ligand binding
domain.!26-128

1. The hemopoietins, e.g., IL-2R  chain, use a 200 kd external domain with
four conserved cysteines and one tryptophan residue at the N terminal,
and aromatic residues (Trp-Ser-X-Trp-Ser) at the C terminal. A few receptors
in this group have typical Ig domains in their extracellular regions.

2. The interferon and IL-10 receptors, e.g., IFN-yR, have two external
domains distantly related to Ig domains, with characteristic conserved
cysteines.

3. The TNF receptor and its relatives have an external domain with cysteine-rich
repeats.'?8

4. TL-8 and its relatives have a “seven pass” membrane receptor associated with
G proteins, similar to many endocrine receptors.

Unlike the cytokines, which are often predominantly a-helical, the external
ligand binding domain of a hematopoietin or interferon receptor is often two
B-pleated sheets. A second chain of the receptor may or may not actually engage
the cytokine: in the IL-2 receptor it does, but in the IFN-y receptor the binding site
is formed by the single receptor protein with the second receptor component
presumably playing other roles. Binding of the cytokine to the external domain of
the receptor may alter the cytoplasmic domain, triggering second messengers
usually through a kinase, usually a protein tyrosine kinase or less commonly a
serine/threonine kinase. The signalling systems are similar to those already
described: PTKs activate PLC-y, PI-3 kinase and other second messengers with
downstream activation of serine-threonine kinases, e.g., PKC and release of
intracellular calcium.

The final effect is often on transcription factors, but other events are common,
such as direct effects on membrane receptors or cytoplasmic effector mechanisms.

Signal transduction, through the IFN-y receptor,'? is a useful example of a
cytokine system which we can watch in operation in transplant rejection. IFN-y
engages the IFN-yR and activates two tyrosine kinases, JAK1 and JAK2, which
phosphorylate a factor called STAT 91. This induces transcription of selected
genes by moving to the nucleus and engaging specific sites in their promoters.
We will expand on some features of the IFN-y response later as an example of
cytokine signal transduction. The TNF receptor acts through a sphingomyelin
pathway to induce NF-kB to be released from its cytoplasmic binding protein
(IxB) to enter the nucleus and bind to specific DNA regulatory sites.!!®

From the above, the passage of signals from hematopoietin and interferon
receptors to the interior of the cell involves the regulation of tyrosine phosphorylation.
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The cytoplasmic regions of many membrane receptors for protein hormones
have intrinsic tyrosine kinase activity, but cytokine receptors are associated with
separate tyrosine kinases (like JAKs which associated with the IFNL-yR).
Engagement of the receptor by its ligand activates the tyrosine kinase activity,
which results in phosphorylation of one or more key tyrosine residues in the
cytoplasmic region of the receptor. This phosphorylated tyrosine can then be
recognized by other proteins via specific regions in those proteins called “src
homology-2” or SH2 domains.’**!3! The sequence “ligand-receptor-tyrosine
kinase activation-tyrosine phosphorylation—recognition and binding of a second
messenger via its SH2 domain activation of second messenger by
tyrosine phosphorylation—is probably a common pattern for linking membrane
receptors to second messengers like STAT proteins.

Several cytokine receptors, including IL-2R, apparently utilize a signal
transduction pathway which involves the activation and phosphorylation of an
enzyme called the “Target of Rapamycin” or TOR. TOR in turn activates p70 S6
kinase.'3!133 The role of TOR was discovered because the immunosuppressive
drug rapamycin acts at this point. The role of TOR kinase is probably crucial in
the initiation of cell division by cytokines. TOR acts to increase the translation
of existing mRNAs for proteins which control the cell cycle.

SPECIFIC IMMUNE RESPONSES OF T CELLS AND B CELLS

Synopsis: Specific lymphocyte activation leads to cell cycling (clonal expansion),
T cell/B cell-antigen presenting cell interactions, altered cell traffic, and altered
expression of many genes in the transplanted organ and elsewhere in the host. The
lymphocyte population changes. Many lymphocyte activation events may actually
occur within the graft, as opposed to the lymphoid organs.'** Three lines of lympho-
cyte differentiation lead to effector mechanisms, which require massive clonal
expansion to become quantitatively important:

1. The delayed type hypersensitivity response, principally engineered by
cytokines from CD4 T cells;

2. The B-cell antibody response, dependent on CD4 T cell help;

3. The cytotoxic T-cell response by CD8 cells.

Activated CD4 cells influence other cells through two mechanisms: the
production of cytokines, which interact through their receptors to signal the target
cell, and direct interaction through their TCRs and adhesion and signalling
molecules. Direct interactions must involve the same MHC plus peptide for which
the CD4 T cell is primed. In direct interactions, the release of cytokines is directional,
focused on the target by the TCR and the adhesion molecules.!**!% Activated CD4
cells help CD8 cells to become cytotoxic and B cells to make antibody and activate
macrophages and endothelial cells to mediate delayed type hypersensitivity.

D1VISION OF LABOR AMONG CD4 CELLS: “TH1” AND “TH2” CYTOKINES?
The primary function of CD4 T cells is to produce cytokines, which they do more
efficiently than CD8 cells. Naive CD4 T cells produce primarily IL-2, with
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increasing amounts of assorted other cytokines. With prolonged stimulation, e.g., in
cloning experiments in vitro and under certain conditions in vivo,'** CD4 T cells
cease production of some cytokines and increase production of others in
characteristic patterns: a “TH1” pattern or “TH2” pattern. The THI pattern of
cytokine production is IFN-y, lymphotoxin, and IL-2. The TH2 pattern consists of
IL-4, IL-5,IL-6, and IL-10 (Table 1.4). These are called the TH1 and TH2 cytokines
respectively. CD4 T cells can be found which produce exclusively TH1 or TH2
cytokines and are called THI and TH2 T cells or subsets. But typically the
intermediate forms are much more frequent.

No cytokine or surface antigen constitutes an exclusive marker for any CD4
phenotype: for example, IL-10 can be produced by CD4* T cells of the TH2
characteristics but also by many TH1 cells in human and by many non T cells.'*
IFN-y is a “TH1 cytokine”, but most of it is made by other T cells (CD8 T cells and
CD4 T cells not fitting the TH1 definition) or by NK cells. We prefer to reserve the
term TH1 and TH2 “subsets” for circumstances where we know that discreet
populations, rather than a continuum, can be shown to exist. Under most
circumstances TH1 and TH2 cytokines are not made by CD4 T cells which fulfill
the criteria for TH1 and TH2 subsets.

TH2 cytokines are more important in helping B cells. In vitro the activation of
resting B cells to proliferate and differentiate requires cytokines, particularly of
the TH2 type, e.g., IL-4, IL-5.'%7-1% In addition, IL-10 enhances in vitro viability of
B cells and upregulates MHC class II expression on resting small dense B cells
from mouse spleens.!3¢1%

THI1 cytokines can enhance or suppress B cell responses, according to the rela-
tive amounts of IL-2 and IFN-y produced.!***! IL-2 in large amounts enhances
differentiation, proliferation, and Ig production. IFN-y in low concentrations
enhances certain antibody responses but in high amounts suppresses both
proliferation and Ig secretion and can be cytotoxic to activated B cells. TH2
cytokines favor IgE and IgG1 responses (through IL-4),'? whereas TH1 cytokines
in mice induce IgG2a.!*

Table 1.4. Some cytokine phenotypes of mouse CD4 T-cell clones

Cytokine Phenotype THO TH1 TH2
GM-CSF ++ ++ +
TNF-o ++ ++ +
IL-3 ++ ++ ++
TH2 cytokines:

IL-4 ++ - ++
IL-5 ++ - ++
IL-6 ++ - ++
IL-10 ++ - ++
TH1 cytokines:

IL-2 ++ ++ _
IFN-y ++ ++ _

Lymphotoxin ++ ++ -
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The generation of CD8* cytotoxic T cells is enhanced by both TH1 and TH2
cytokines. IL-2, IFN-y, IL-4, and IL-5 all enhance the generation of CTLs although
IL-2 is most effective. 1414

TH1 cytokines are important mediators of delayed type hypersensitivity
(DTH)" (see below). TH1 and TH2 cytokines cross-regulate. TH1 and TH2
cytokines tend to be mutually inhibitory'*®!#” regardless of what cell is producing
them. IFN-y inhibits the proliferation of TH2 clones and IL-10 suppresses both
cytokine production and proliferation of TH1 clones. IL-10 inhibits IFN-y produc-
tion by TH1 clones by 90% and inhibits production of TH1 cytokines by CTL
clones and LGL. IL-10 acts at the level of antigen presenting cells and their relatives
such as skin Langerhans cells.!*®

T cells from IL-2 knockout mice have disturbed cytokine production?! in vitro,
overproducing IL-4, IL-6, and IL-10. In vivo, such mice have increased serum
levels of IgG1 and IgE due to increased IL-4 production. For IL-10 knockouts the
results are less clearcut.

REVISING THE CONCEPT OF “SUPPRESSOR T CELLS”

Mixing nonresponding and responding populations of T cells can shut off the
responders. This “contagious” unresponsiveness used to be attributed to a special
class of “suppressor T cells”, typically carrying CD8 markers, but it is now clear
that antigen-specific T cells with unique suppressor function cannot be isolated.
Suppression is a cell population phenomenon, not attributable to unique
specialized cell class. All cytokines have both positive and negative effects, and
the cells which produce them cannot be assigned a uniquely positive or negative
function except in relationship to one specific set of circumstances and one
specific target system. For example, TH2 cytokines such as IL-4 can suppress DTH
responses but help IgE responses. Thus T cells producing IL-4 can have many
simultaneous functions, positive and negative, depending on where the IL-4 is
received. So suppression by IL-4 is really a characteristic of the cell that receives
IL-4, not the cell that produces it. Similarly, cells producing TGF- are negative
regulators in some types of inflammation and positive in others.!4%15

Thus negative regulation or suppression can often be explained without
postulating the existence of specialized suppressor cells. In clinical transplantation,
where negative regulation is vital to success, the agenda has shifted from suppressor
T cells to a detailed analysis of the role of particular molecules in negative regulation
of graft injury and inflammation, such as TH2 cytokines and TGF-.

THE ALLOANTIBODY RESPONSE AGAINST MHC ANTIGENS

B-cell activation normally takes place in germinal centers (GC) of draining
lymph nodes or spleen, but may occur in the graft infiltrate of a transplant. The
surface Ig of the B cell, sIg, engages the polymorphic regions of the donor MHC,
particularly the a-helices, in the native, nondenatured, unprocessed form. The
MHC antigen is probably shed from donor cells. This leads to B cell triggering
and internalization of the antigen. The mechanisms of signalling through slg
involves a receptor complex on the B cell similar to the CD3 complex on T cells.!*
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The result is that a signal for B cell triggering is delivered, activating intracellular
pathways which include the calcium-dependent pathway.

To recruit antigen-specific T cell help, B cells must present peptides of allogeneic
MHC antigen in the groove of its class IT antigens. To accomplish this, the allogeneic
MHC antigen bound by slg is endocytosed, through proteins around the receptor
termed o and B,'*® and presented as peptides in the class II groove of the B cell.
Host B cells thus present peptides of donor MHC to host CD4 T cells. Antigen
presentation by a B cell is crucial for the T-cell response.’” T cell-B cell interactions
are weak unless the T cell recognizes its cognate antigen on the B cell. The CD4 T
cells may initially be sensitized by antigen on host or donor dendritic cells'?®
because antigen specific B cells are uncommon in the early stages of the response
before they are triggered and undergo clonal expansion. CD4 T cells, B cells, and
DCs presumably interact in multi-cell complexes.

T cell-B cell engagement involves a variety of adhesion and signalling interac-
tions, including CD4 with class II, CD40 ligand with CD40, LFA1 with ICAM-1,
and CD2 with LFA3, CD5 with CD72, etc. Several cytokines are also transmitted
from the CD4 cell to the B cell and B-cell signalling molecules such as CD40 help
to trigger the T cell. The expression of adhesion molecules, cytokines, and cytokine
receptors increases. The signals to the B cell from the T-helper determine whether
the B cell will progress towards antibody production and memory, or toward
anergy/apoptosis (programmed suicide).*® Apoptosis is regulated by the gene bcl-2
in lymphocytes:'® mice with knockouts of bcl-2 gene have spontaneous suicide of
their lymphoid tissues and lymphocytes.®!

If the signals are correct, the B cell undergoes massive clonal expansion and
differentiation. Ig, initially expressed on the B cell membrane, can now be released
in large quantities as circulating antibody against MHC and other alloantigens.

WHAT SITES ON THE MHC DOES ALLOANTIBODY RECOGNIZE?

Alloantibody recognizes the “nonself” sites in the a-helix and the ends of the p-
pleated sheets that are due to the effect of polymorphic amino acids. The most
abundant and important Ig class produced is IgG, which has two antigen binding
sites. Each IgG can engage only one site in the MHC molecule. The other binding
site of the alloantibody can engage the same region of another MHC molecule.
The alloantibody usually binds to the side of an MHC sheet and helix domain or
to the top of one a-helix, not across the groove like the TCR. However, one IgG
molecule will not fix complement efficiently: an adjacent IgG molecule is needed.
The best way of assuring that such IgG complexes will be assembled is to have
multiple clones responding to different sites in the mismatched molecule. This is
usually the case with clinically important anti-MHC responses: they are polyclonal
and react with several sites on the MHC molecule.

Does the peptide in the MHC groove influence antibody binding to the MHC?
Perhaps, because the peptide may alter the shape of the domain, as well as possibly
directly contacting the antibody in a few cases. Alloantibodies specific for the MHC
allele plus a specific peptide are known'®? and would escape detection in our usual
antibody screening programs. Alloantibody which required a specific peptide would
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usually react with too few MHC molecules to be quantitatively important. It is
conceivable that alloantibody recognizing abundant tissue specific peptides in
MHC alleles could act as tissue specific alloantibodies in rejection, e.g., anti-
endothelial antibodies. This could help to resolve the old problem of tissue
specific alloantibodies such as anti-endothelial antibodies.!®*

CYTOTOXIC CD8 RESPONSE

Whether the naive CD8 cell requires an APC for its primary stimulation is less
well established than for the CD4 cell. The presence of the CD4 cytokines and
possibly direct contact from CD4 have been suggested to be necessary for the CD8
cell to be triggered. However, CD8 cells can also be directly triggered without CD4
cells at times, as shown in CD4 deficient or class II deficient mice.

With time and clonal expansion, the CD8 cell acquires the ability to be cytotoxic
for target cells. Cytotoxicity is direct lysis of target cells in suspension with the
targets undergoing programmed cell death (apoptosis). Functional cytolytic ability
correlates with the expression of serine esterases (granzymes) and perforins.'*
Although both are sequestered in cytoplasmic granules, perforins and granzymes
are regulated differently. Another mechanism of target cell lysis is the interac-
tion of a TNF-like molecule on the T cell (Fas ligand) with a TNF-receptor-like
molecule on the target (Fas). Cytolytic ability also requires adhesion molecule
interaction between the cytotoxic T cell and the target cell.

THE POSSIBLE ROLE OF NATURAL KILLER (NK) CELLS IN ALLORECOGNITION

NK cells can lyse cells with little or no class I, apparently being inhibited by
expression of class I. This may reflect recognition of the class I groove by an NK
receptor.'6>1¢7 Little is known about such receptors, and the role of NK cells in
transplantation is uncertain.

ORGANIZATION OF INFLAMMATION!®?

The inflammation in the graft is analogous in some respects to the delayed type
hypersensitivity reaction (DTH), exemplified by the classic skin reaction to tuber-
culin. DTH is an in vivo phenomenon with no single in vitro correlate. It is mani-
fest histologically as a heterogeneous nonspecific inflammation with edema, fibrin
accumulation, T-cell infiltration (both specific and nonspecific), B cells, numer-
ous macrophages, and lesser numbers of other leukocytes, and endothelial changes.
The key events in DTH are cytokine production (especially TNF-a and B, IFN-y
and IL-1), altered expression and function of adhesion molecules, and nonspe-
cific activation of many bone marrow-derived cells, particularly macroph-
ages. Although usually ascribed to CD4" T cells, DTH reactions mediated by CD8
T cells have been described. The result is graft inflammation.

THE ADHESION MOLECULES

These sets of molecules, which are involved in all levels of the immune
response and inflammation, are classified into three groups: the Ig superfamily;
the integrins; and the selectins.
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ADHESION MOLECULES OF THE IG SUPERFAMILY

The principal members are ICAM-1, ICAM-2, VCAM, CD2, CD58, CD28,
CTLA4, B7-1, B7-2. These tend to be involved in signalling as well as adhesion.
Their expression is increased by pro-inflammatory TH1 cytokines. Ig superfamily
members generally interact with other Ig superfamily members or with integrins.

ICAM-1 is a chain of five Ig domains with a membrane anchor and an
intracytoplasmic region. Its N terminal domain binds the integrin LFA1. The
N terminal V domain of ICAM-1 uses the CDR2-like loop to interact with LFA-1.18
The interactions of CD2-LFA3; CD28-B7, as well as Ig domain interactions with
integrins, may follow these principles. Detailed modelling of the interactions
involving the Ig superfamily will permit the design of better monoclonal antibodies
or other antagonists.

INTEGRINS

Integrins are heterodimers of an a chain and a § chain. The integrins are
classified on the basis of the § chain they employ as 8, ,, or f; integrins. Each
chain can potentially be combined with many different o chains. p, integrins are
important markers of memory and recirculation in T cells (the VLA group). B,
integrins are important in leukocyte adherence reactions (LFA-1, Mac-1).'” Both
B, and B, integrins are activation-dependent with low avidity in the unactivated
state, but high avidity following T-cell activation. Integrins are also associated
with diapedesis and intracellular signalling.

SELECTINS

The selectins are large molecules with three characteristics: lectins (sugar
residues with the ability to bind to sugars on other molecules), epidermal growth
factor-like motifs, and short consensus repeats (2-9). Each also possesses intracy-
toplasmic domains. The name selectin helps us to remember these features: S (short
consensus repeats), e (epidermal growth factor-motif), and lectins.

There are three members, named for the cells that express them. E (endothelial)-
selectin, is induced by IL-1 and TNF. Its ligand is L(leukocyte)-selectin, which is
important for both endothelial binding during inflammation and as a recircula-
tion receptor. L-selectin also binds to P(platelet)-selectin, which is stored in gran-
ules of platelets and endothelial cells and is released in response to clotting cascade
products.

Selectin interactions are weak under flow conditions and serve as first step ad-
hesion receptors. By slowing leukocyte passage, they expose the leukocytes to the
local environment and other endothelial surface molecules. Selectins are
involved in all types of tissue injury and may be important mediators of reperfusion
injury in transplanted organs. Antibody against P-selectin has been used to
ameliorate reperfusion injury of lungs, presumably by inhibiting the interaction
of neutrophils with injured endothelium.!”®

THE ROLES OF ADHESION REACTIONS
The leukocyte interacts with endothelium through interactions between the
selectins. The result is loose binding permitting the leukocyte to roll along the
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endothelium. This permits the integrins and Ig superfamily members to interact,
which causes tight binding and flattening. This will occur only in areas where the
endothelium has been activated by injury, infection or immune activity to
increase the expression and activity of the adhesion molecules.

THE ACCUMULATION OF THE INTERSTITIAL INFILTRATE IN A TRANSPLANT

The first entry of T lymphocytes into the allograft probably occurs by a
combination of nonspecific and specific interactions with endothelial cells. Antigen
nonspecific cells interact poorly with nonactivated endothelium but may be
attracted by endothelium activated by nonimmune injury from the transplant
donor, the surgery, or the preservation. Antigen specific T cells probably interact
with donor APC in the organ or in the host for their primary stimulation and
begin the process of activating the endothelium. Sensitized lymphocytes, primed
by antigen plus APC in lymphoid organs, or from a previous encounter, can then
interact with the allogeneic endothelium both to infiltrate the tissue and eventually
to damage the endothelium.

The T-cell response may be initiated in the central lymphoid organs such as
spleen and lymphoid tissues with homing to the graft through a combination of
antigen specific and adhesion molecule interactions. Inflammation is characterized
by changes in vascular flow and permeability and the influx of leukocytes to the
area of injury. Classic signs of inflammation—redness, edema, heat, and loss of
function—are present in an acutely rejecting graft. The immune response in the
interstitial areas of the graft alters the endothelium of the graft to recruit
inflammatory cells. Once there, some leukocytes undergo proliferation within
the graft, particularly the clones of lymphocytes which encounter their cognate
antigens. Others, such as macrophages, undergo activation and immobilization in
response to the products of activated T cells.

ENDOTHELIAL CELLS (EC)

Far from being inert lining cells, EC can act as antigen presenting cells!’! and
can respond to many stimuli. EC respond to cytokines in a variety of ways,
ranging from selective induction of increased MHC class IT and class I expression
to a generalized increase in the function and expression of many adhesion molecules
to generalized activation and even proliferation.!”? They interact with leukocytes
through their adhesion molecules, including E-selectin, P-selectin, ICAM-1,
ICAM-2 and VCAM-1. IFN-y, IL-1 and TNF all induce expression of adhesion
molecules. Other regulated responses include changes in hemostasis, vascular tone
and permeability. Hemostasis is altered in the direction of promoting thrombosis
and fibrin formation through synthesis of thromboplastin and suppression of
thrombomodulin/protein C. Platelet activating factor (PAF) has been demonstrated
in the EC plasma membranes and may act locally on adhering leukocytes.

Vascular tone is regulated by EC through local release of endothelin, a potent
vasoconstrictor,'”* and nitric oxide (NO), an endothelium-derived relaxing factor.!”
Nitric oxide synthase (NOS) exists in two principal forms: a calcium-activated
constitutive form in endothelium and in many other cell types and a cytokine
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inducible form in macrophages.!”>17® Other influences include eicosanoids such
as the vasodilator prostacyclin (PGI,) or the vasoconstrictor thromboxane.
Cytokines affect vasomotion: IL-1 can induce the synthesis of endothelin by EC,
and TNF induces both endothelin and NO production in bovine aortic EC.'77 It is
likely that the balance between these two forces contributes to the complex
vasomotor changes such as arterial vasoconstriction and capillary leak in acute
rejection. IL-1 and TNF alter vascular permeability in vivo, probably through
intermediate actions on neutrophils, and could thus play a role in the edema
characteristic of acute rejection.!”®

In addition to NO, PGI,, thromboxanes, and endothelin, EC respond to the
inflammatory cytokines IL-1 and TNF by producing other soluble factors.” These
include IL-1a, IL-6, PAF, various chemokines (see below), M-, G- and GM-CSF.
IL-1a activity appears predominantly associated with the EC plasma membrane
and may provide co-stimulation to bound T cells during antigen activation. IL-6,
particularly in the presence of IL-4, is abundantly secreted by EC. PAF, like IL-1a,
may be predominantly membrane bound and its effects may be very localized.

THE CHEMOKINES

Chemokines are recently described as a family of cytokines, 8-10 kD in size,
with activity in inflammation and tissue repair, such as attracting inflammatory
cells. Members include IL-8, Groa, monocyte chemotactic protein (MCP), and
RANTES. The cDNA for these cytokines have been recognized by their characteristic
gene structure, typical signal sequences in the 5' region, AT rich sequences in their
3' untranslated regions, and rapidly inducible mRNA expression.'7>!1% All the
chemokines have cysteine residues which form disulphide bridges. These cytokines
appear to play a key role in inflammation and immune responses by their chemo-
tactic activities and their ability to attract and activate neutrophils, monocytes, T
cells, eosinophils and basophils '®! (Table 1.5). Antigen specific T cells activated by
APC express new chemokine receptors, which are 7-pass receptors which activate
G proteins. These antigen-activated T cells, now capable of directional migration
into an inflammatory site in response to chemokines released in the inflamed site,
reenter the circulation. T-cell infiltration into the challenged area probably
involves a process of sequential endothelial adhesion and then release of T cells,
followed by adherence to extracellular matrix via integrin molecules. One current
hypothesis is that MIP-1a, MIP-1B, or RANTES participate in attracting the
appropriate T cell subsets to an inflammatory site.'?

IL-8 and Gro-a are chemoattractant for neutrophils and contribute to extravasa-
tion of neutrophils. Neutrophils can produce several polypeptides mediators of
inflammation, including IL-1, IL-6, IL-8 and TNF. At the site of injury neutro-
phils promote tissue damage by release of lysosomal enzymes and superoxide
anions. Lung reperfusion injury and neutrophil infiltration can be prevented
experimentally by a monoclonal antibody (mAb) against IL-8,'®? raising the
possibility that organ preservation as well as immune activity could be improved
through manipulation of chemokines.
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Table 1.5. Characteristics of chemokines

o Subfamily  Subfamily
Chromosome location 4 17
Structure C-X-C C-C
Subfamily members IL-8, Gro-a,, B-thromboglobulin ~ MIP-1a, MIP-1(3, RANTES,
MCR-1, MCAF
Target cells Neutrophils Monocytes, T cells

CHANGES IN THE TARGET TISSUE

In an inflamed tissue, the expression of many surface molecules increases,
usually because cytokines increase the transcription of the genes. The example of
IFN-y triggering the transcription of the MHC class I and II genes in vivo is the
best known, but many adhesion molecules can also be induced on endothelium,
inflammatory cells, and parenchymal cells. We shall outline the features of the
induction of class I and Il MHC molecules by IFN-y.

THE TRANSCRIPTIONAL REGULATION OF MHC GENES!#4185

The level of MHC expression determines the immunogenicity of tissues and
their sensitivity to immune injury, and some increased MHC expression is
invariably seen in acute T cell-mediated rejection. The expression of MHC proteins
in tissues is primarily regulated by transcriptional control.

MHC genes behave as “housekeeping genes” (as opposed to tissue specific genes),
which are either expressed or expressible in most tissues, but to varying degrees.
This implies that the chromatin structure of their regulatory regions is available
for transcription factors in many tissues.

In the normal mammal, constitutive class I expression is widespread but highly
variable between cell types. A component of IFN-y-induced expression is common
even in normal hosts.'® Constitutive class IT expression is confined to B cells. The
class IT expression in dendritic cells and some macrophages in normal individuals
may reflect low levels of cytokines such as IFN-y, IL-4, and GM-CSE. Class II
expression found in some normal epithelia probably also reflects cytokine
induction.

MHC PROMOTERS

The level of MHC expression is closely related to the steady state mRNA levels
and probably reflects the activity of the promoter in regulating transcription. The
class I and II promoters are highly conserved.

The characteristic DNA sequence in the class I promoter is a class I regulatory
element (CRE) at about -160 to -200 bp from the start site of transcription,
overlapping an interferon consensus sequence (ICS) at about -140 to -160 bp.
The CRE is a series of overlapping palindromic sequences which are sites of binding
of transcriptional regulatory proteins and are necessary for the tissue specific basal
and induced expression of class I. Protein binding to the CRE seems to correlate
with constitutive class I expression.!®18>157 The ICS probably binds proteins which
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are regulated by IFN-a/B, and IFN-y and acts by increasing transcription in concert
with the CRE. TNF-a also acts on the CRE, probably through NF-«B proteins.

The class IT promoter contains a conserved region at about -60 to -100 bp which
contains sequences termed the X box, Y box, and a spacer between them. The X
and Y boxes are occupied by proteins in the basal state and probably are the ele-
ments giving class I genes their characteristic patterns of regulation in the basal
and cytokine induced state, but other elements participate.'s® The key regulation
of class II genes is the class II transactivator, or CIITA.

NORMAL AND INDUCED IFN-y PRODUCTION AND REGULATION

IFN-y is produced by T cells (CD4, CD8) and NK cells. IFN-y production is an
important event in rejection, with both adverse and favorable effects. IFN-y-medi-
ated MHC induction is probably necessary but not sufficient for rejection, and
IFN-y can induce accelerated rejection.'® IFN-y is produced by the specifically
triggered T cells and is also capable of triggering its own release, probably from
NK cells with the appearance of large granular lymphocytes (LGL).'*® Thus the
LGLs may serve as an amplifier to increase the release of IFN-y.

IFN-y RECEPTOR TRIGGERING

Two IFN-y receptors bind the IFN-y homodimer, each engaging the N terminal of
one unit and the C terminal of the other.!? Receptor crosslinking leads to
membrane-to-cytoplasm signal transduction via mechanisms involving the large
intracytoplasmic domain of the receptor. The mechanism involves a protein
kinase: the receptor becomes phosphorylated,'®!! and one tyrosine in the
intracytoplasmic portion of the receptor has been shown to be essential to the
biological activity of the receptor.’ The receptor has additional subunits, encoded
on chromosome 21 and chromosome 16 in the human. Tyrosine kinases (JAK1
and JAK2) then phosphorylate the cytoplasmic form of a transcription factor,
interferon stimulated gene factor 3, in particular, the p91 component, now called
STAT-1. This then moves into the nucleus to activate transcription of genes with
IFN-y activated sites. Some of these induced mRNAs encode products which are
transcription factors.

The details of the pathway from the IFN-y receptor to MHC promoters remain
to be elucidated; it is unclear why MHC expression tends to be induced later than
some other genes, e.g., 24-48 hours after IFN-y administration. It is likely that
MHC induction requires the synthesis of IFN-induced transcription factors such
as IRF-1. In the case of class I induction, the signal transduction pathway
used by IFN-y seems to require some of the same steps as are used by IFN-o/B.1
These proteins probably affect the ICS. In the case of class II, the new protein
induced by IFN-y is CIITA.!*

TARGET INJURY

CANDIDATE MECHANISMS OF SPECIFIC DONOR CELL INJURY IN REJECTION
The hallmark of acute T-cell mediated rejection is injury to the endothelial and
parenchymal cells, initially reversible, but eventually becoming irreversible and
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proceeding to infarction. Inflammation is probably necessary but not sufficient
for rejection injury. The parenchymal injury is usually conceptualized as apoptosis
of individual parenchymal cells triggered by cytotoxic T cells. Many cytokines such
as TNF-o are expressed in rejecting or inflamed grafts,'” but no single cytokine
has been shown to mediate rejection injury. Understanding of what consti-
tutes rejection injury should begin with the pathology, not with immuno-
logic theory.

THE PATHOLOGY OF ACUTE REJECTION

International collaborations have classified the histologic lesions which correlate
with rejection.”®!*” Classifications are all based on the concept that donor cell
injury, not the inflammatory infiltrate or interstitial edema, defines rejection. Thus
tubulitis in kidney transplants, myocyte necrosis in heart transplants, injury to
the biliary epithelium of liver transplants, and injury to the epithelium of small
airways in lung transplants, constitute rejection. In general, areas of high MHC
class T and IT expression, either basal or inducible, are important targets of acute
rejection.

Tubulitis in renal transplants refers to invasion by lymphocytes which cross the
basement membrane and attack the basolateral membrane of the epithelial cells,
where MHC products are expressed (Fig. 1.6). Bile ductule invasion, damage to
small airway epithelium, and myocyte necrosis probably involve analogous mecha-
nisms. The lymphocytes are believed to be T cells expressing cytotoxic molecules,
but more details on the cells in these lesions are needed.

The endothelium of small arteries and arterioles in all types of grafts is damaged
in the lesion known as intimal arteritis or endothelialitis. (Such lesions are often
missed in biopsies: for example, endomyocardial biopsies of rejecting heart
transplants are relatively poor at sampling arteries.) Lymphocytes adhere to the
endothelium, infiltrate beneath it and lift up the endothelial cells. The result is
increased resistance, perhaps due to loss of endothelial regulation of vasomotion,
increased coagulation, and eventual loss of perfusion and downstream ischemia.

Tubulitis in a renal transplant

interstitium

(?cytotoxic)

Fig. 1.6. Acute tubulitis. Lymphocytes infiltrate through the basement membrane and
recognize alloantigens expressed on the MHC of graft epithelial cells and mediate cell
death via apoptosis or cell lysis.
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The candidate mediators of specific cell injury include cytokines, Fas and granule
contents (serine esterases and perforins), both concentrated on the target cell by
receptor directed exocytosis, and in some cases cytotoxic alloantibody. Serine
esterases are expressed in the infiltrate of rejecting grafts.!*® At least some of the
injured graft cells probably die by apoptosis. Numerous cytokines are found in
the infiltrate of rejecting grafts or in the serum, but the roles of these mediators
are not established. Some may cause injury, but some may reflect the response to
injured tissue. Both CD4 and CD8 T cells are present in rejection and neither has
an exclusive role.!””

There are nonspecific as well as alloantigen-specific lymphocytes in the cellular
infiltrate. Macrophages are abundant within rejecting grafts and may play a role
in the immune injury. Macrophages make a wealth of cytokines, growth factors,
eicosanoids, enzymes, procoagulant activities, NO, etc, and may contribute to the
parenchymal and endothelial cell injury and dysfunction in vascularized grafts.
But the majority of early injury is probably due to specific T cells.

THE ROLE OF ANTIBODY IN ACUTE REJECTION

Alloantibody can play a major role in acute transplant rejection, especially in
the increasing population of recipients sensitized to MHC antigens. EC are
important targets for alloantibody. The sequence of events in antibody-mediated
rejection seems to involve endothelial dysfunction and injury, via complement
and neutrophils, followed by vasospasm, ischemic injury, fibrin and/or platelet
deposition, and infarction or hemorrhage.

Hyperacute rejection is predominantly a problem in renal transplantation,
mediated by preformed antibodies against HLA class I molecules or by antibodies
such as ABO blood group antigens.!> A population of antibodies against poorly
defined endothelial antigens of arteries (“anti-endothelial antibodies”) also
mediates hyperacute and accelerated rejection.?”® Anti-class II antibodies rarely
mediate hyperacute rejection. A positive B-cell crossmatch is frequently due to
antibodies which are not class II specific. For example, antibodies against B cells
are often autoantibodies. Low levels of anti-class I can also produce a positive
B-cell crossmatch with a negative T cell crossmatch because B cells are relatively
rich in class I. Thus a positive B-cell crossmatch may have several explanations.

Successful immunosuppressive strategies usually suppress primary alloantibody
as well as T cell responses, probably by suspending help from CD4 T cells, but do
little to preformed antibody and may have difficulty suppressing secondary
antibody responses.

Anti-class I-mediated rejection of kidney transplants can be recognized
clinically.201:202 Typically a transplant into a presensitized patient with a negative
crossmatch functions initially, then suddenly loses function after 1-7 days. The
kidney may rapidly develop acute tubular necrosis secondary to severe decrease of
perfusion. The pathology shows evidence of endothelial injury in the micro-
circulation, rather than tubulitis or endothelialitis. Neutrophils may be present.
The demonstration of antibody against donor class I can aid the diagnosis. OKT3
can sometimes suppress this rejection by abrogating T-cell help. Anti-class I-
mediated acute rejection of the heart may also occur.
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HOST AND GRAFT ADAPTATION

Synopsis: Despite immunosuppression, transplantation could not be successful if
adaptive changes favoring prolonged graft survival did not occur in both the host and
the graft. The adaptive changes in the graft may reflect the loss of the donor bone
marrow-derived cells, with the loss of “signal 2”. The antigen specific adaptive changes
in the host are dependent on the continuous presence of the antigens of the graft —
and on immunosuppressive therapy, in many or most patients. The host probably
develops a state of partial peripheral tolerance.

HOST ADAPTATION

The encounter of the immune system with antigen can result in a positive re-
sponse, a negative response (“tolerance”), or no response (“neglect”), depending on
the circumstances in which the antigen is presented. Tolerance is defined as a state
of antigen-specific unresponsiveness induced by exposure to antigen, typically un-
der conditions of immaturity, injury, or drug therapy. The ability to induce toler-
ance is vital for self and nonself discrimination and to randomly generate potentially
autoreactive cells. T cell tolerance is classified by location: central versus peripheral.

CENTRAL TOLERANCE

The principal central mechanism of tolerance in the thymus during T-cell
ontogeny is clonal deletion by apoptosis.?* Intrathymic injections of antigen can
induce tolerance in rats, but these approaches have not yet been successful in
primates.?2% Central tolerance is believed to have little role in transplantation
although microchimerism with donor cells could play a role centrally. In general,
chimerism can induce tolerance only in significant levels, and microchimerism
does not correlate with true tolerance.

PERIPHERAL TOLERANCE

Successful transplantation involves a degree of peripheral tolerance. Studies of
transgenic mice expressing foreign MHC antigens in peripheral tissues have
recently been particularly helpful for understanding peripheral tolerance (reviewed
in ref. 206). These and other models suggest several possible mechanisms:

First, in some models, clonal expansion then clonal deletion occurs, causing
peripheral tolerance. This is particularly true for responses to “superantigens”,
which delete previously expanded clones as an outcome of powerful immune
responses probably by programmed cell death.?” Lack of co-stimulatory signals
(IL-1, adhesion molecules) may promote peripheral clonal deletion. Overall,
however, peripheral clonal deletion is not a prominent mechanism.

Clonal anergy, i.e., paralysis without deletion, is demonstrable in some cir-
cumstances. In some MHC class I transgenic mice, tolerance is the result of an-
ergy and is dependent on the continuous presence of Ag and the lack of IL-2.208
Exogenous IL-2 reverses the state of anergy. Some patients receiving long-term
immunosuppression with functioning allografts simulate this state. In some models
of MHC class II transgenic mice, T cells exhibit low reactivity against class II in
vitro, with no in vivo pathology,*® a form of “neglect”. IFN-y may abrogate some
tolerant states.?!® Cytokines of the TH2 type, e.g., IL-10, may suppress IL-2 and
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IFN-y expression,?''212 but it is difficult to imagine long-term high levels of cytokine
production as a mechanism for maintaining tolerance. Clinical immunosuppressive
treatment, particularly with cyclosporine and steroid, may also act in this way,
selectively reducing IL-2 and IFN-y production.

A variety of other mechanisms could be important:

1. Down-regulation of TCRs and co-receptors (CD4 or CD8);?!?

2. “Veto cells” (these are T cells which inactivate T cells which try to rec-
ognize them);>'

3. Antigen-specific T cells actively maintaining unresponsiveness, especially CD4
T cells.?’> CD4 T cells producing TH2 cytokines could decrease the produc-
tion of TH1 cytokines from other lymphocytes in a “contagious” fashion;

4. Anti-idiotypes. Idiotypes are antigen combining sites, either of TCRs or an-
tibodies, and anti-idiotypes are antibodies which are directed against them.
The extensive literature on anti-idiotype antibodies and idiotype-specific
regulatory T cells has not led to examples of negative regulation unequivo-
cally mediated by an idiotype/anti-idiotype interaction. There is evidence
for the role of anti-idiotypes in turning off anti-HLA antibody responses.?'®

ADAPTIVE CHANGES IN THE GRAFT

With time, if the graft survives, the inflammation subsides, and the induced
expression of adhesion molecules and MHC antigens in the graft returns toward
normal. There is a progressive loss of the donor antigen presenting cells, replaced
by the recipient cells. Thus both direct antigen presentation by donor cells and
indirect presentation by host cells subside. Injuries, including ischemic and
reperfusion injury, rejection, and viral infection, can promote inflammatory
changes and sustain the immune process.?'” The changes of inflammation and
those of tissue repair in response to injury overlap. Immunologic and nonimmuno-
logic injury can both therefore lead to a common pathway of chronic inflammation
which manifests itself in sub-acute or chronic rejection. Thus injury may sustain
the host APC and antigen expression burden of the graft, sustaining immuno-
logic activity and preventing the stabilization of the host graft relationship.

MICROCHIMERISM

The transfer of tissue from a donor to a recipient transfers some bone
marrow-derived cells, some of which are stem cells. The donor bone marrow-derived
cells can persist and establish bone marrow microchimerism, i.e., permanent
persistence of small numbers of bone marrow derived stem cells of donor type,
presumably due to establishment of a few donor stem cells. This would link trans-
plantation-induced peripheral tolerance with classic neonatal tolerance in mice,?'8
which is probably a chimeric state. Microchimerism after blood transfusion may
explain the well known blood transfusion effect and why matching of HLA
antigens between the blood donor and recipient helps to establish the
hyporesponsive state. Some long-term transplant recipients have evidence of
microchimerism,?!” even decades after the transplant. Persistent donor cells could
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be the result or the cause of host hyporesponsiveness. Microchimerism in long-term
survivors could lead to central tolerance and clonal deletion by colonization of the
host thymus by donor stem cells.

Implantation of allogeneic tissues in the thymus before allografting is an
experimental strategy for inducing some central tolerance in rodents.?” It remains
a challenge to demonstrate that this technique works in large animals and man.

CHRONIC REJECTION

This is a process whereby a successful graft begins to develop a slow deterioration
in function, usually with nonspecific features which do not easily make for
diagnosis. Each organ has unique features, but certain themes recur, including:

1. Thickening of the intima of arteries and arterioles due to smooth muscle
cell invasion and proliferation;

2. Adegree of parenchymal atrophy and interstitial fibrosis which may or may
not represent ischemia.

The organ specific features are:

1. Heart: severe diffuse concentric coronary artery disease extending into small
vessels.

2. Kidney: some cases have proteinuria and a variable glomerular lesion termed
“transplant glomerulopathy”. Hypertension is frequent.

3. Lung: obliterative bronchiolitis dominates the picture with marked nar-
rowing of the respiratory bronchiole.

4. Liver: destruction of the bile ductules (vanishing bile ducts) may be the
dominant lesion.

Chronic rejection often follows acute rejection, and some observers believe that
acute rejection, incompletely reversed, is the harbinger of chronic rejection. De-
spite its nonspecific features, chronic rejection may result from a specific
immune response. Earlier beliefs that alloantibody causes chronic rejection have
now been tempered by the realization that relatively few cases have evidence of
donor-specific antibody. The immune mechanisms appear to be additive with other
factors related to the age, acute injury, hypertension, etc. The final common pathway
may have elements in common with other chronic diseases or aging.?!
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Overview of Living and Deceased
Organ Donors, Immunosuppression
and Outcomes

Frank P. Stuart

ORIGINS OF IMMUNOSUPPRESSION AND SOLID ORGAN

TRANSPLANTATION

Qut of turmoil, destruction, and death in World War II came research that led
to the artificial kidney and recognition that allograft destruction was an immuno-
logical event. Peter Medawar described the accelerated second set rejection of mouse
skin grafts while trying to understand why skin allografts always failed on severely
burned pilots of the British Royal Air Force. Meanwhile, in Rotterdam, Willem
Kolff developed a primitive artificial kidney to treat renal failure that followed
severe crush injury during bombing of that city. In the early post-war years, Boston’s
Peter Bent Brigham Hospital assembled a team, which included Kolff that began
human kidney transplantation and refined the artificial kidney. The first kidney
transplant at the Brigham, in 1947, came from a cadaver donor and was
revascularized by the recipient’s antecubital vessels. The graft failed after three
days, but it functioned long enough to clear the recipient’s uremic coma and per-
mitted recovery from reversible injury to the native kidneys. Next, the team devel-
oped the surgical procedure for implanting kidneys in the iliac fossa of dogs and
performed it on 15 human recipients between 1949 and 1951. Immunosuppres-
sion had not yet arrived and the grafts failed. However, the iliac fossa operation
worked well and was extended to kidney transplantation between identical twins
in 1954. From 1955 until 1962, cadaver kidneys were transplanted in Paris and
Boston with immunosuppression from whole body irradiation and adrenocorti-
cal steroids; there were a few hard-earned, short-term successes. The era of phar-
macologic immunosuppression began in 1962 with a mother-to-son kidney
transplant for which the recipient was treated with both steroids and the
antiproliferative drug 6-mercaptopurine. The kidney functioned more than 20 years.

By 2003 three hundred thousand Americans with renal failure were maintained
on chronic dialysis; seventeen thousand received kidney transplants in 2002 (8000
from deceased donors and 9000 from living donors). Graft and recipient survival
beyond the critical first year exceeds 90 percent in many centers for kidney, pan-
creas, liver, heart, lung and intestine. At least 100,000 individuals wait for organ
transplants in the United States.

Organ Transplantation, 2nd edition, edited by Frank P. Stuart, Michael M. Abecassis
and Dixon B. Kaufman. ©2003 Landes Bioscience.
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CADAVERIC DONORS

The Association of Organ Procurement Organizations (AOPO) estimates that
potential cadaveric organ donors have stabilized at 11,000 to 14,000 yearly. A few
(less than 5 percent) are non-heart-beating donors, but in the vast majority car-
diovascular circulation remains intact until organs are removed. Despite broad
public awareness of the need for and benefit from organ transplants, less than half
of the immediate relatives of potential cadaveric donors give their consent to re-
move vital organs. Consequently, the number of donors is stalled between 6,000
and 7,000 each year. Moreover, the quality of organs has diminished as age of the
typical cadaveric donor increases and the cause of death shifts from head trauma
to stroke in 44 percent of donors. Transplant centers and potential recipients have
turned increasingly to organs from “extended criteria cadaveric donors”. Altogether
in 2001 roughly 6,100 cadaveric donors provided 7773 kidney, 800 simultaneous
pancreas/kidney, 446 pancreas, 25 islet, 48 intestine, 4,800 liver, 992 lung and 1973
heart transplants, but nearly 100,000 potential recipients remained on the waiting
lists at the end of the year.

The gap between waiting list and available cadaveric organs widens every year.
Few believe that the number of cadaveric organ transplants will increase more
than one or two percent yearly during the next decade. Perhaps educational pro-
grams in primary and secondary school will lead the next generation to broader
support of cadaveric organ donation based on altruism, enlightened self interest,
or some form of compensation to the donor’s estate.

The supply of cadaveric donors is just as inadequate in many European coun-
tries with presumed consent laws as it is in English speaking countries, where
consent to remove organs must be obtained from the closest relative. In many
countries where transplantation is not a high priority, individuals who are mori-
bund and considered not salvageable are not admitted to intensive care units. Tem-
porary ventilatory support is withheld and cardio circulatory collapse follows. In
other potential donors ventilatory support may be initiated, but inadequate at-
tention is paid to maintaining normal physiologic function in organ systems after
brain death has been diagnosed. The striking exceptions are Spain, Austria and
Belgium, all of which have presumed consent laws. In all three countries national
government recognizes maximum retrieval of transplantable organs as a national
priority. Spain in particular has engaged participation of anesthesiologists in most
of its hospitals to lead identification of potential donors, implementation of pro-
tocols to improve cardiopulmonary function, approaching potential donor fami-
lies and continuing donor medical management until organs are removed.!? Spain’s
rate of cadaveric organ donation approaches 40 per million population which is
twice the rate in the United States.

The message from Europe is that presumed consent alone will not yield high
donor rates. But, presumed consent coupled with national determination and sys-
tems to identify and stabilize potential donors in every trauma center and emer-
gency room will maximize the opportunity for cadaveric organ transplantation.
However, most English speaking countries are unlikely to implement presumed
consent laws. Presumed consent for removal of transplantable organs springs from
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the Napoleonic legal code that gave final authority for autopsy of dead bodies to
the state rather than the family. As organ transplantation evolved, removal of trans-
plantable organs was viewed as the first steps of an autopsy and thus covered un-
der presumed consent. But under English common law it was the next of kin who
was responsible for appropriate disposition of the relative’s body and for granting
permission for autopsy. Thus, maximizing the potential for cadaveric organ trans-
plantation in most English speaking countries will require informed and willing
public motivated by altruism or something else.

That half of the relatives of potential organ donors in the United States refuse
consent implies that the public lacks information and understanding of organ
donation or lacks long-term self-interest and sufficient altruism. For the past two
decades clergy have supported organ donation in their sermons, staff from organ
procurement organizations have spoken at schools and to many organizations,
and television has dramatized the miracle of transplantation; so the public is rather
well informed. Self-interest should also serve to motivate, because no one knows
when failure of one of his own vital organs might call for transplantation; but self
interest may not be immediate enough to motivate consent. Consequently, many
believe that financial incentives passed through the potential donor’s estate, per-
haps as a funeral benefit or other consideration, are needed to increase motivation.

Debate intensified in 2002 over financial and other incentives to stimulate con-
sent. Boards of Directors of the American Medical Association, UNOS, and the
American Society of Transplant Surgeons voted to study and test changes to U.S.
law that would permit compensating cadaveric donor’s estates and burial costs.
The American College of Surgeons and the Board of the National Kidney Foun-
dation expressed vigorous opposition for even the testing of offering financial
incentives to donate. A non financial incentive discussed at the December 2002,
Congress on Ethics in Organ Transplantation (Munich) would reward family
members of a cadaveric organ donor with preferred status on the transplant wait-
ing list; that should appeal to enlightened self interest. Moreover, it is consistent
with current UNOS policy that gives waiting list priority to living kidney donors
who may need a kidney transplant in the future. The Munich Congress passed
resolutions that allocation policies should aim at giving equal concern and re-
spect to all potential recipients; equity and justice in organ allocation are as im-
portant as seeking maximum utility; and all societies should make every effort to
maximize cadaver organ donation. Even with these resolutions the Congress rec-
ognized that living donor kidney transplantation should be encouraged and
adopted as widely as possible.>*

UNOS (United Network for Organ Sharing) is a not-for-profit corporation that
has operated the nation’s Organ Procurement and, Transplant Network (OPTN)
since 1985 after the United States Congress passed the National Organ Transplant
Act (NOTA). UNOS operates the OPTN under contract with the United States
Department of Health and Human Services and ultimately reports to the Secre-
tary of the Department. UNOS and its representative working committees achieved
broad consensus with respect to the set of rules that governed organ transplanta-
tion until 1998-2000. But disagreement over rules for allocating scarce cadaveric
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livers eventually prevented consensus, and in 2000 the Secretary appointed a com-
mittee of forty members to serve as an Advisory Committee on Transplantation.
Satisfactory rules for sharing livers fell into place without resorting to the new
committee, but the Advisory Committee convened in November 2002 at the
Secretary’s request to consider issues related to well-being of living donors, short-
age of cadaveric donors and equal access to organ transplantation. The Advisory
Committee made nine recommendations designed to increase cadaveric organ
donation, two recommendations to encourage equal access to minority popula-
tions and seven recommendations with respect to living donors.” The seven that
concern living donors will be presented later in this review, but the eleven recom-
mendations on cadaveric donation and equal access are these:

1. That legislative strategies be adopted that will encourage medical examin-
ers and coroners not to withhold life-saving organs and tissues from quali-
fied organ procurement organizations.

2. That the Secretary of HHS, in concert with the Secretary of Education, should
recommend to states that organ and tissue donation be included in core
curriculum standards for public education as well as in the curricula of
professional schools, including schools of education, schools of medicine,
schools of nursing, schools of law, schools of public health, schools of social
work and pharmacy schools.

3. That in order to ensure best practices, organ procurement organizations
and the OPTN be encouraged to develop, evaluate, and support the imple-
mentation of improved management protocols of potential donors.

4. That in order to ensure best practices at hospitals and organ procurement
organizations (OPO), the following measure should be added to the CMS
(Center for Medicare/Medicaid Services). Conditions of Participation: Each
hospital with more than 100 beds should identify an advocate for organ and
tissue donation from within the hospital clinical staff.

5. That in order to ensure best practice at hospitals and OPOs, the following
measure should be added to the CMS Conditions of Participation: Each
hospital should establish, in conjunction with its OPO, policies and proce-
dures to manage and maximize organ retrieval from donors without a heart-
beat.

6. That the following measure be added to the CMS Conditions of Participa-
tion: Hospitals shall notify OPO prior to the withdrawal of life support to a
patient, so as to determine that patient’s potential for organ donation. If it is
determined that the patient is a potential donor, the OPO shall reimburse
the hospital for appropriate costs related to maintaining that patient as a
potential donor.

7. That the regulatory framework provided by CMS for transplant and OPO
certification should be based on principles of continuous quality improve-
ment. Subsequent failure to meet performance standards established under
such principles should trigger quality improvement processes under the su-
pervision of the Health Resources and Services Administration (HRSA).

8. That all hospitals, particularly those with more than 100 beds, be strongly
encouraged by CMS and the Agency for Health Care Research and Quality
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(AHCRQ) to implement policies such that the failure to identify a potential
organ donor and/or refer such a potential donor to the OPO in a timely
manner be considered a serious medical error. Such events should be inves-
tigated and reviewed by the hospitals in a manner similar to that for other
major adverse healthcare events.

9. That the Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) strengthen its accreditation provisions regarding organ donation,
including consideration of treating as a sentinel event the failure of hospi-
tals to identify a potential donor and/or refer a donor to the relevant OPO
in a timely manner. Similar review should be considered by the National
Committee on quality Assurance (NCQA).

10. That specific methods be employed to increase the education and aware-
ness of patients at dialysis centers as to transplant options available to them.
11. That research be conducted into the causes of existing disparities in organ
transplant rates and outcomes with the goal of eliminating those disparities.

LIVING DONORS

Modern kidney transplantation began in 1954 between identical twins and was
extended to other living and cadaveric donors as control of rejection evolved. The
living donor’s remaining kidney compensates quickly and long-term health and
life span are not different from matched controls.® In response to 4-5 year waiting
times and less invasive laparoscopic techniques for donor nephrectomy, the num-
ber of living donor kidney transplants increased dramatically from 1800 in 1988
t0 4432 in 1999 and 6445 in 2001. Midway through 2002 living donor transplants
overtook cadaveric kidney transplants and approached 9000 for the year. If living
donor kidney transplantation continues to grow at its present pace, the waiting
lists will probably shrink and cadaveric kidneys will become more available to
individuals with no possible living donor.

Although the intestine was transplanted only 48 times in 2001, approximately
ten of the transplants came from living donors. Living donors will almost cer-
tainly be an important source of intestinal transplants to infants, small children
and adults as they find their place in management of intestinal failure. Of the
remaining four transplantable organs, living donation occurs rarely for pancreas
and lung and never for the heart.

Liver, the second most commonly transplanted organ after the kidney (4944 in
2001) will also depend increasingly on living donors. Adult to child living donor
liver transplantation was initiated in 1987 when the left lateral segments were trans-
planted from mother to infant child. The mother’s liver mass returned to normal
within a few weeks and the donated segments grew in the daughter, who is now a
healthy 15-year-old.” In the last six years liver donation from healthy adults was
extended to left lobe (for small adolescents and adults) and right lobe for larger
adult recipients. Two donors are known to have died among the first 500 adult to
adult living donor transplants in the United States. Because many individuals with
end-stage liver disease die for lack of cadaveric liver transplants, adult to adult
living donor transplantation will almost certainly continue. But risk of do-
nation must be minimized, and both donor and recipient and their families
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must understand the early and long-term risks. Toward that end the National
Institutes of Health recently initiated a seven-year study of living donors in ten
centers that perform adult living donor liver transplantation.® In a further effort
to protect living donors from pressure to donate or other kinds of exploitation,
the Advisory Committee on Transplantation of the U.S. Department of Health
and Human Services recommended a detailed set of standards to the Secretary
concerning living donors. It emphasized that all living donors must undergo a
thorough consent process, be provided with a donor advocate, and be enrolled in
a national registry to monitor the donor’s long-term health.” The committee’s
seven recommendations are:

1. That the following ethical principles and informed consent standards be
implemented for all living donors. Ethical principles of consent to being a
live organ donor should include the view that the person who gives consent
to becoming a live organ donor must be competent (possessing decision
making capacity); willing to donate; free from coercion; medically and psy-
chosocially suitable; fully informed of the risks and benefits as a donor; and
fully informed of the risks, benefits, and alternative treatments available to
the recipient.

2. That each institution that performs living donor transplantation provide
an independent donor advocate physician to ensure that the informed con-
sent standards and ethical principles are applied to the practice of all live
organ donor transplantation.

3. That a database of health outcomes for all live donors be established and
funded through and under the auspices of HHS.

4. That serious consideration be given to the establishment of a separate re-
source center for living donors and their families.

5. That the present preference in OPTN allocation policy given to prior living
organ donors who subsequently need a kidney be extended so that any liv-
ing organ donor would be given preference as a candidate for any organ
transplant, should one become needed.

6. That the requirements for HLA typing of liver transplant recipients and/or
living liver donors should be deleted.

7. Thata process be established that would verify the qualifications of a center
to perform living donor liver or lung transplantation.

During the past two years governments, medical professional societies and the
public throughout the world have turned much more attention to living organ
donation. Attitudes and practices differ widely. Europe, Australia, North Ameri-
can and South America permit altruistic living donation but prohibit commerce
and profit. On other continents, a black market is tolerated in some countries,
and one country, Iran, has regulated living kidney donation such that the donor is
compensated and the waiting list for transplantation has disappeared without
permitting commercialism or a black market.*

In the United States bills were introduced during the last Congress to provide
limited financial support to living donors and to maintain registries to monitor
the donor’s long-term well being; none was enacted into law. Three new bills were
introduced as the Congress convened in January 2003. Senate Bill 178 would close
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loopholes and inconsistencies in Medicare laws as they affect transplant recipi-
ents. Known as the Comprehensive Immunosuppressive Drug Coverage for Trans-
plant Patients Act of 2003, it would also extend drug coverage to Medicare
beneficiaries for as long as it is needed. The Senate’s Living Donor Protection Act
(S.186) would assure that living organ donors are not denied insurance nor are
they subject to discriminatory premiums because of their living donor status. The
Organ Donation Improvement Act of 2003 (H.R. 399) would award grants to
help cover expenses of people who volunteer to or become living organ donors.
The grants would be permitted to pay for travel and subsistence costs and speci-
fied incidental costs incurred by living donors if the recipient’s annual income did
not exceed $35,000.00; presumably a recipient with income over $35,000.00 would
be expected to help the living donor with his expenses.

Great Britain’s National Health Service is considering lifting the ban on living
donor compensation. Donation incurs considerable out of pocket cost, which in
many instances might serve as a financial disincentive to otherwise altruistic do-
nation. Tests, hospitalization, medical evaluation and care before and after the
donor operation are covered as part of the recipient’s cost. But time lost from
work during evaluation and during recovery after donation is not compensated;
nor is travel to and from or housing for donor and family members at the medical
center. In a study of 22 donors after right hepatectomy for living related liver trans-
plant in Germany, nine experienced adverse financial effects. On average, donors
resumed work after nine weeks and felt fully recovered after thirteen weeks. The
decision to donate was easy or not difficult for 21 and 20 of them would “do it
again.” Whether or not living donors are rewarded, it seems entirely appropriate
that the financial penalty be mitigated at least partially.’

Black markets disadvantage both donor and recipient, because the living do-
nors are usually inadequately evaluated. Illness in the donor compromises both
the donor’s recovery and survival of the donated organ in the recipient. A survey
of 305 individuals in India who sold a kidney at least six years earlier showed that
the average family income declined by one-third after nephrectomy .!*!! Three-
fourths of the donors were still in debt six years later (96% sold their kidneys to
pay off debts). Eighty six percent reported deterioration in their health and 79
percent would not do it again. Clearly sale of organs does not serve as an escape
route from poverty. In the unregulated black market where organ brokers roam
city slums looking for sellers, the after effects of selling an organ may make escape
even more difficult. Unregulated sale of organs is not a win-win proposition.

The live organ donor consensus group of the American Society of Transplant
Surgeons reaffirmed in 2000 the position of the Transplantation Society (an inter-
national organization) that “organs and tissues should be given without commer-
cial consideration or commercial profit”'? The groups’ position draws heavily on
Christian belief that selling organs deprives the donation of its ethical quality. In
contrast, contemporary Jewish law and ethics agree that donation motivated by
altruism, rather than monetary gain and greed, is a most pious act, but deny that
altruism is the only ethical basis for donation. Jewish tradition holds that the
religious and ethical value of a good deed is not diminished by lack of “proper
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motivation.”* However, Jewish tradition does not open the door for an organ
trade that exploits the poor. Rather, the ethical status of non-altruistic sale of kid-
neys is inextricably connected to solving a series of pragmatic problems such as
creating a system that ensures that potential donors are properly informed, evalu-
ated, cared for and not exploited. Without such arrangements, ethical non-altru-
istic kidney donation is but a theoretical possibility.

Delegates at the recent International Congress on Ethics in Organ Transplanta-
tion, sponsored by the German Academy of Transplantation in December 2002,
in Munich struggled for three days before endorsing eight resolutions on living
organ donors and financial incentives:

1. Living donor kidney transplantation should be adopted as widely as possible,

2. Non-directed living kidney donation is ethically acceptable and should be
permitted,

3. Kidneys derived from non-directed donation should be allocated using the
standard cadaver allocation criteria,

4. The suitability of living related and unrelated organ donors should be as-
sessed by the same criteria,

5. Living organ donors and their families must be adequately insured against
the risk of death and disability caused by the act of donation,

6. There should be no financial disincentives to living donors. All donors should
be legally entitled to reimbursement of those expenses incurred solely by
the act of donation,

7. Appropriate compensation for pain, discomfort and inconvenience suffered
by living donors is morally acceptable and may be adopted in a regulated
fashion,

8. Individual countries will need to study alternative, locally relevant models,
considered ethical in their societies, which would increase the number of
transplants, protect and respect the donor, and reduce the likelihood of ram-
pant, unregulated commerce.*

Iran, perhaps more than any other country, has already implemented a system
of safeguards that allows altruistic and financial motivation to coexist without
exploitation of either the donor or the recipient. Central features of the program
were presented at the Munich Congress. Iran’s program is open only to its own
citizens. There are no foreign donors and no foreign recipients. No one can come
to Iran to buy a kidney. There is no black market, no commercialism, no middle-
man or company to sell kidneys. No patient can buy a kidney; it is the government
that offers the reward to all living donors, related or unrelated, and the donor is
free to refuse the reward. Rich and poor are transplanted equally. By the end of
2002 there was no kidney waiting list in Iran and 1200 kidneys were transplanted
yearly. Most of the living donors have been men in their 30’s whose initial interest
was the reward, but who clearly valued saving someone’s life too.

IMMUNOSUPPRESSION

Clinical immunosuppression has always been a problem of balancing preven-
tion or control of rejection with loss of protection against an array of infectious
agents and mutant cells. Immunosuppression is intense immediately after trans-
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plantation and then diminishes during the first year as the allograft loses some of
its immunogenicity and the recipient’s immune system begins to adapt to the
graft in various ways. That is, homeostasis appears but almost never to the point
that immunosuppression can be discontinued without risking onset of rejection.
Some recipients experience acute rejection despite fairly vigorous immunosup-
pression. Most acute rejection occurs within the first few months and nearly all
can be reversed by intensifying immunosuppression. Few recipients experience
chronic rejection in the absence of a preceding acute rejection episode or non-
compliance with long-term maintenance immunosuppression. Thus, transplant
centers continually search for regimens that prevent that first acute rejection epi-
sode, and they regularly warn recipients about the danger of noncompliance.

Immunosuppressive regimens have evolved steadily from broad attack on nearly
all rapidly dividing cells in the body to combinations of drugs and biological agents
that interfere specifically with those parts of the immune system most responsible
for rejection. Review of the time-line for approval of immunosuppressive agents
by the United States Food and Drug Administration during the past 30 years pro-
vides a framework for understanding the slow but steady conquest of acute rejec-
tion and the application of organ transplantation from the kidney to all vital
abdominal and thoracic organs (Table #1). Information taken from the
manufacturer’s package inset for each of the drugs listed in Table #1 is presented
as an appendix to the chapters and essays in this volume.

Clinical regimens for immunosuppression changed with the introduction of
each new drug or therapeutic antibody. Typical regimens are shown in Table #2
for the years since the early 1960s. The approximate incidences for acute rejection
and graft survival after one year are recorded for each regimen. Prior to 1960
prednisone was used to control various inflammatory processes and as a substi-
tute for hydrocortisone. Mercaptopurine was an antimetabolite used to treat my-
elocytic leukemia. The observation in 1959 that mercaptopurine prolonged skin
graft survival in rabbits led to its use in human transplant recipients in 1962.

Burroughs Wellcome subsequently introduced azathioprine which was a less
toxic modification of mercaptopurine; azathioprine, also known as Imuran, was
included in almost all immunosuppressive regimens from 1969 until 1996 when
mycophenolate mofetil (CellCept) began to displace it. CellCept, like Imuran, is
an inhibitor of cell division and nucleotide metabolism, but unlike Imuran, it
affects lymphocytes primarily and largely spares most other rapidly dividing cell
populations such as bone marrow and gut epithelium. CellCept inhibits the en-
zyme inosine monophosphate dehydrogenase, which is crucial to de novo synthe-
sis of guanosine monophosphate. Many rapidly dividing populations of cells have
a shunt pathway that bypasses the need for de novo synthesis, but activated T and
B lymphocytes have an absolute requirement for de novo synthesis of guanosine
monophosphate in order to accomplish clonal expansion. The net effect is immu-
nosuppression with relatively few side-effects. Both Imuran and CellCept can de-
press bone marrow cell lines and intestinal epithelial cells, but CellCept achieves
much more immunosuppression before reaching toxic side-effects such as anemia,
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Table 2.3. Immunosuppressive Regimen for Kidney Transplant Recipients, Northwestern
Memorial Hospital at Northwestern University

Day Alemtuzumab' Tacrolimus>  MMF Methyl Prednisone
0 (operative) 30 mgLV. 500 mg at start
infusion over 2 of surgery

hours during surgery

1 2 mg bid 750-1000 mg bid 250 mg

2 2 mg bid 750-1000 mg bid 125 mg

3 2 mg bid 750-1000 mg bid ~ Discontinue
4 2 mg bid 750-1000 mg bid

! Alemtuzumab omitted for HLA identical donor recipient pair; 2Maintain trough
concentration at 5-10 ng/ml.

leukopenia and diarrhea, and the side-effects are easily controlled by reducing the
dose of CellCept.

Equine antithymocyte globulin, introduced as ATGAM by Upjohn in 1972, built
on the observation reported in 1960 that rabbit antirat lymphocyte serum pro-
longed skin graft survival in rats. Antilymphocyte and antithymocyte globulins
are extremely potent agents that deplete the host’s lymphoid tissue. They are usu-
ally given intravenously on a daily basis for as long as 14 days, and are effective as
induction treatment to delay (prevent) acute cellular rejection and also to reverse
it. Because polyclonal cross species antisera against human lymphocytes/thy-
mocytes are easy to prepare in rabbits, goats, and horses, many transplant centers
provided their own local product. Their side-effects are limited to fever, leukope-
nia, thrombocytopenia, and anemia, which respond to prednisone or dose reduc-
tion. In 1999 SangStat introduced a polyclonal antithymocyte globulin that had
been used effectively in Europe for nearly 20 years; it is prepared in rabbits and
marketed as Thymoglobulin.

In 1986 OrthoBiotech (Johnson & Johnson) introduced the first therapeutic
monoclonal antibody (orthoclone OKT-3). It was directed specifically against the
T lymphocyte CD3 receptor for alloantigen presented by transplanted organs. Like
the polyclonal antibodies, it delayed or prevented rejection and also reversed most
acute cellular rejection episodes. Because it could be infused into a peripheral vein
in less than a minute it was much simpler than ATGAM to administer and quickly
became the preferred treatment of prednisone-resistant acute cellular and mild to
moderate vascular rejection; it was also less expensive. However, polyclonal anti-
lymphocyte sera are more effective than the monoclonal antibody if the trans-
plant biopsy shows aggressive infiltrates of both T and B lymphocyte lines (i.e.,
plasma cells). Polyclonal antisera include antibodies against surface antigens shared
by both T- and B-lymphocytes regardless of which cell type is used to immunize
the animal that produces the antiserum. Until the early 1990s, transplant centers
in the Untied States were equally divided between those that used and those that
did not use antilymphocyte preparations (ATGAM, OKT-3, or a product prepared
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locally) as part of initial induction of immunosuppression.

Cyclosporine A (Sandimmune) introduced by Novartis (Sandoz) in 1983 dra-
matically reduced the incidence of acute-rejection episodes, increased kidney graft
survival at one year and permitted rapid development of liver, heart and lung
transplantation. Cyclosporine allowed less dependence on prednisone.
Cyclosporine is a calcineurin inhibitor that preferentially suppresses activation of
T lymphocytes by inhibiting production of the lymphokine interleukin-2. In 1994
Novartis introduced a microemulsion of cyclosporine (marketed as Neoral) which
was absorbed more readily in the upper intestine. Side-effects of cyclosporine in-
clude fine tremor of the hand, hirsutism, gingival hyperplasia, increased appetite
and hyperlipidemia (both cholesterol and triglycerides) which can generally be
managed by lowering the dose. But, its main problematic side-effect was constric-
tion of preglomerular arterioles which causes hypertension; if arteriolar constric-
tion is sustained, the arteriole undergoes hyaline degeneration, narrowing, and
the ischemic glomerulus becomes sclerotic. Although cyclosporine increased the
number of transplants surviving beyond one and two years, nephrotoxicity took
its toll not only on transplanted kidneys but also on healthy native kidneys of
heart, lung and liver recipients. Despite fewer early rejection episodes in recipi-
ents of cadaver kidneys treated with cyclosporine, the fraction of transplanted
kidneys that survive beyond five years was not higher than for earlier regimens
that did not contain cyclosporine. Cyclosporine nephrotoxicity is such a serious
side-effect that 10% of heart allograft recipients lost their native kidneys and were
on maintenance dialysis within ten years. Many transplant centers kept mainte-
nance doses and 12-hour blood trough levels lower than the manufacturer’s rec-
ommendation; they accepted a few more acute rejection episodes rather than risk
loss of kidney grafts to drug-induced glomerular ischemia and sclerosis.

Prograf/tacrolimus/FK 506 was introduced by Fujisawa in 1995. Like
cyclosporine it is a calcineurin inhibitor, but its side-effects are different and it
appears to induce less nephrotoxicity for equivalent immunosuppression. Like
cyclosporine it can cause tremor but does not cause hyperlipidemia, hirsutism,
gingival hyperplasia or increased appetite. Prograf can induce diabetes but usu-
ally not with doses of 3 mg twice daily or less. Prograf increases the bioavailability
(AUC-Area Under the Curve) of CellCept when both drugs are taken concurrently.

Monoclonal antibodies against the IL-2a receptor (CD25) were introduced in
1997 by Roche (Zenapax/Daclizumab) and by Novartis in 1998 (Simulect/
Basiliximab). Both are intravenous preparations with no side-effects and both
reduced acute rejection episodes significantly during the first six post-transplant
months. The Roche preparation is infused just before transplantation and then
every other week for four more doses. The Novartis preparation is infused only
twice, once just before transplantation and again four days later. Because a course
of Simulect requires only two infusions and costs less, it is preferred by many
transplant centers. Most transplant centers that used antilymphocyte antibodies
(either polyclonal or monoclonal) as part of early post-transplant immunosup-
pression soon switched to one of the anti IL-2 alpha monoclonals.
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Rapamune (rapamycin/sirolimus) is the most recent antirejection drug and was
released by the U.S. Food and Drug Administration in 1999. Like cyclosporine
and tacrolimus it is a fungal product, but it does not inhibit calcineurin and is not
nephrotoxic. It inhibits lymphocyte effects driven by certain cytokines, particu-
larly IL-2. Its major side-effects is thrombocytopenia and hyperlipidemia, which
can be controlled by reducing the dose or adding lipid-lowering agents. Rapamycin
may also afford protection against chronic rejection by blocking proliferation of
vascular endothelial and smooth muscle cells.

From the introduction of mercaptopurine/azathioprine in 1962 until
cyclosporine was approved by the FDA 21 years later in 1983, organ transplanta-
tion was limited to the kidney. Bone marrow suppression markedly limited the
amount of immunosuppression that could be achieved with azathioprine. Rela-
tively high doses of prednisone provided most of the immunosuppressive effect.
Even when a fourteen-day course of antilymphocyte serum became the third com-
ponent of the regimen, steroids still carried most of the load. Bacterial sepsis and
slow wound healing were such severe problems that liver, lung and heart trans-
plantations were limited to a few hardy pioneering centers. The main contribu-
tion of cyclosporine after 1983 was that it reduced rejection, increased early graft
survival, and reduced dependence on steroids; bacterial sepsis decreased; wounds
healed more quickly; and successful transplantation of liver, heart and lung was
quickly achieved in many centers.

But for kidney transplantation, cyclosporine was a mixed blessing. Despite fewer
rejection episodes and increased graft survival beyond a year, the number of grafts
surviving beyond the fifth year was scarcely more than before cyclosporine. Many
kidney grafts eventually succumbed to ischemia and fibrosis caused by constric-
tion of preglomerular arterioles. Cyclosporine had raised early transplant out-
comes to a new plateau where they remained another 12-13 years until the
appearance of two new drugs (Prograf and CellCept) and two monoclonal anti-
bodies directed against the IL-2 receptor between 1995 and 1998. The net effect of
these four agents has been less nephrotoxicity and much less dependency on pred-
nisone. Many believe that Prograf is less nephrotoxic than cyclosporine, and
CellCept is not nephrotoxic at all. Optimism has developed in just the last two or
three years that some of the most bothersome side-effects of immunosuppression
may be on the way out: nephrotoxicity, hyperlipidemia, accelerated vascular dis-
ease, osteonecrosis, osteoporosis and other steroid-related problems, and post-
transplant diabetes. By 1998 many centers were discontinuing prednisone 6 and
12 months after transplantation. Most kidney recipients tolerated weaning from
oral prednisone, but rejection was triggered in 15-20 percent of the weaned re-
cipients. In mid-1998 Northwestern Memorial Hospital’s transplant center re-
moved oral prednisone completely from the immunosuppressive regimen used
for kidney recipients. The regimen included basiliximab (day 0,3), methylpred-
nisolone for 3 days, maintenance tacrolimus and mycophenolate mofetil, but no
prednisone. Incidence of first year rejection episodes remained 10-15 percent and
graft survival exceeded 95 percent.
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Rapamycin/sirolimus (Wyeth-Ayerst Rapamune) was approved in 1999.
Sirolimus, cyclosporine microemulsion, azathioprine and steroids limited acute
renal allograft rejection to 10 percent with 90 percent first year graft survival.
Regimens that combine anti CD-25 induction, early methylprednisolone and
tacrolimus with either sirolimus or mycophenolate mofetil, with or without main-
tenance prednisone limit first year rejection episodes to 10 per cent and permit 95
percent graft survival.

The two most recent agents with immunosuppressive properties, which en-
tered clinical practice in 2001, are monoclonal antibodies against lymphocyte cell
surface determinants CD20 and CD52. Rituximab targets CD20, which is found
on the surface of both normal B lymphocytes and 90 percent of B cell non-
Hodgkin’s lymphomas. It produces profound depletion of B lymphocytes in pe-
ripheral blood and elsewhere. The primary indication for its use is to treat B cell
lymphomas, but it has also been used to reverse antibody mediated rejection in a
heart transplant and to decrease production of HLA antibodies in a pre-sensitized
potential kidney recipient prior to successful transplantation (14,15). The second
antilymphocytic monoclonal is alemtuzumab (Campath), which binds to CD52
found on all B and T lymphocytes, a majority of monocytes, macrophages and
NK cells, and a subpopulation of granulocytes. It induces profound depletion of
its targeted cells through antibody dependent lysis and is indicated in treatment
of non-Hodgkin’s lymphoma and chronic lymphocytic leukemia. Alemtuzumab
has also been used in the early “induction” phase of several immunosuppressive
regimens for kidney transplantation. A single intraoperative infusion of 30 mg
induces complete absence of lymphocyte cells from the peripheral blood for 7-10
days with gradual recovery after six months. Alemtuzumab is a murine (rat) anti
CD52 developed and humanized at the University of Cambridge in Herman
Waldmann’s Laboratory (16). Because one or two infusions induce profound lym-
phopenia for several weeks, Calne treated 31 cadaveric kidney recipients with it in
an attempt to induce “prope” (almost) tolerance at Cambridge. Each recipient
received a 20 mg intravenous infusion of alemtuzumab on the operative and first
postoperative days. Maintenance immunosuppression consisted of a single drug,
cyclosporine, in moderate doses. Twenty-nine grafts had good postoperative func-
tion beyond the first year. Six rejection episodes during the first year were re-
versed and one recipient died (17). Knechtle and Kirk report similar experience
with alemtuzumab and rapamycin as the only maintenance drug in kidney recipi-
ents (18,19). The transplant center at Northwestern Memorial Hospital has treated
more than 200 kidney recipients with a prednisone free protocol that begins with
a single 30 mg intraoperative infusion of alemtuzumab followed by oral mainte-
nance with tacrolimus 1-2 mg twice daily and mycophenolate mofetil 750-1000
twice daily. Corticosteroids were restricted to the operating room (500 mg) and
the first two postoperative days (250 mg, 125 mg). Details of the regimen are shown
in table 3. First year patient survival, graft survival and incidence of acute rejec-
tion are 99%, 97% and 8%. Mean serum creatinine at one year is 1.3 mg/dl. Inci-
dence of infection of all kinds is less than 5 percent (20,21). The alemtuzumab,
tacrolimus based prednisone free protocol has been extended to simultaneous
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kidney and pancreas recipients at Northwestern with two modifications: corti-
costeroids are administered for 4-5 days and sirolimus is used in place of
mycophenolate mofetil; outcomes are similar to transplantation of the kidney alone
(22). As an anti lymphocyte induction immunosuppressive agent, alemtuzumab
is atleast equivalent in its lymphopenic effect to polyclonal antilymphocyte globulin
or muramonab-CD-3 but less expensive, because a single infusion is sufficient. It
facilitates prednisone free maintenance but does not eliminate the need for other
maintenance drugs in relatively low doses.

Vincenti recently reviewed several new classes of immunosuppressive drugs that
are under investigation but not yet approved by the FDA (23). The major targets
of new agents are cell-surface molecules important in immune cell interactions
(especially the costimulatory pathway), signaling pathways that activate T cells, T
cell proliferation and trafficking, and recruitment of immune cells responsible for
rejection. The most promising include a humanized OKT-3, humanized anti-
CD11a (anti-LFA1), humanized anti B7.1/B7.2, a second generation CTLA4Ig,
LEA29y, an anti CD45RB, FK778, (a leflunomide analog), FTY720 and several
antagonists to chemokine receptors (CCR1, CXCR3 and CCR5). The FDA is ex-
pected to approve modifications or variations on several classes of drugs that are
already approved but is unlikely to approve any new class of immunosuppressive
drug during the next few years.

To summarize evolution of transplant immunosuppression, seven new classes
of drugs have been introduced since 1970, and all of them act primarily or exclu-

sively to deplete lymphocytes or inhibit their function.

Class Function Name Date
Polyclonal Lymphocyte Antihymocyte 1972,1998
antibody depletion globulin

Monoclonal Lymphocyte Alemtuzumab anti CD52 2001
antibody depletion Rituximab anti CD20 2001
Monoclonal Binds T Lymphocyte Muromonab-CD-3 1986
antibody receptor for antigen

Monoclonal Binds T Lymphocyte Daclizumab anti CD25 1997
antibody receptor for Interleukin-2 Basiliximab anti CD25 1998
Calcineurin Inhibits IL-2 Cyclosporine 1983
inhibitor synthesis by T Lymphocytes Tacrolimus 1995
Inosine Mono- Blocks purine synthesis and Mycophenolate mofetil 1995
phosphate proliferation of T and B

dehydrogenase inhibitor ~ lymphocytes

Inhibitor of Regulatory ~ Blocks Interleukin Sirolimus 1999
kinase activation activation and proliferation
(target of Rapamycin) of T lymphocytes

Four of the seven classes are biologic agents, antibodies, directed against lym-
phocytes; the other three classes are chemical reagents, medium sized molecules
of less than 1000 (kd) in molecular weight.
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All four of the antibody classes are administered intravenously as short courses
ranging from a single dose to intermittent dosing for as long as eight weeks. Two
of the classes (polyclonal antithymocyte globulin and monoclonal antibodies
against lymphocyte cell surface differentiation markers) act by destroying and
depleting a wide array of T and B lymphocytes, monocytes, macrophages,and NK
cells through cell lysis. The two remaining classes of biologic agents are also mono-
clonal antibodies; muromonab-CD3 blocks the T-lymphocyte receptor for anti-
gen while daclizumab and basiliximab block the T lymphocyte receptor for IL-2.
These last two classes of antibody interfere with T lymphocyte response to anti-
gens introduced by the transplanted organ.

Immunosuppressive regimens throughout the past four decades have been di-
vided into two camps: those that use only chemical reagents and those that com-
bine chemical reagents with antibodies. Both camps included corticosteroids
among the chemical reagents. Between 1964 and 1986 polyclonal anti-human lym-
phocyte globulin was the only antibody class available and chemical reagents con-
sisted only of corticosteroids and azathioprine until 1983. The combination of
antibody with steroids and azathioprine was superior to steroids and azathioprine
alone. But after cyclosporine joined steroids and azathioprine in 1983 the two
camps parted ways. Advocates of chemical reagents alone claimed graft and pa-
tient survival equal to that of drugs plus antibody. Advocates of adding antibody
to drugs claimed that the combination permitted delayed onset of first rejection,
lower early doses of cyclosporine with less nephrotoxicity and better renal func-
tion at no cost with respect to incidence of rejection episodes and graft survival.
Moreover it simplified management of delayed graft function which affected up
to one-third of cadaveric kidney transplants.

The two camps, drugs versus drugs plus antibody;, still disagree. The drug camp
has new drugs (tacrolimus, MMF and sirolimus) and the antibody camp has new
antibodies. Both camps have learned to manage with less calcineurin inhibitor (so
as to reduce nephrotoxicity) and both camps have largely replaced azathioprine
with MME, but corticosteroids, a relic from the 1960’s that lacks any specificity for
lymphocytes and is the most devastating of all immunosuppressive drugs with
respect to long-term crippling side effects, persist as part of the regimen in both
camps throughout the world.

STEROID FREE IMMUNOSUPPRESSION

Many liver recipients can be weaned from maintenance corticosteroids in the
first or second post-transplant year with little risk of inducing rejection. But for
other organs, acute rejection follows in 15 percent of recipients weaned from pred-
nisone (24). Are the recipients who are refractory to weaning dependent on pred-
nisone? Or do they simply need increased doses of the other drugs in the regimen
to make the transition from steroids successfully? Perhaps high doses of mainte-
nance steroids in the first post transplant months/years inhibit an active facilita-
tive response that would otherwise permit homeostasis without maintenance
steroids.
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Rather than weaning from maintenance steroids, it may be simpler and more
effective to start with a potent regimen that combines antibody and drugs but
either restricts post transplant corticosteroids to a few days or avoids them alto-
gether. In 2000, 2001 and 2002 more than ten centers for kidney, kidney/pancreas
and islet transplantation reported excellent outcomes with up to five-year follow-
up with regimens that excluded steroids completely or discontinued them within
the first post-transplant week (17-22,25-33). Most of the regimens combine drugs
with an antibody. Incidence of acute rejection episodes during the first year was
10-15 percent or less. Graft function up to four years was equal to or better than
steroid regimens. An earlier 1997 report that compared three cyclosporine-based
regimens in kidney recipients showed increased vertebral bone density during the
first 18 post-transplant months for cyclosporine alone but decreased vertebral
density for cyclosporine plus steroids or cyclosporine plus both steroids and aza-
thioprine (34). The recently reported steroid free regimens probably will also in-
crease bone density and spare recipients from many of the crippling side effects of
osteoporosis.

The Edmonton steroid free regimen for pancreatic islets is a breakthrough. Ste-
roids are especially toxic to islets. Investigators at the University of Alberta com-
bined antibody (an IL-2 receptor antagonist or modified OKT3) with tacrolimus
and sirolimus. Recipients usually underwent two islet infusions in the course of a
year. Twenty-four recipients who have had both infusions have one year insulin
independence of 87.5 percent and two year independence of 70 percent (25,26).

We have avoided maintenance steroids at Northwestern Memorial Hospital in
more than 500 kidney transplant recipients with two different antibody induction
regimens since mid 1998. All recipients were treated with tacrolimus and either
MME or sirolimus. Each also received intravenous methylprednisolone daily for
three days only (500 mg, 250 mg, 125 mg, stop). From mid 1998 until September
2001 the induction antibody basiliximab was given in the operating room and on
the third post-transplant day. After September 2001, intraoperative antibody treat-
ment consisted of a single 30 mg .V. infusion of alemtuzumab. First year patient
and graft survival in both groups are 99% and 97% respectively. Acute rejection
episodes occurred in 9 percent of recipients in both groups. The main difference
between the two induction antibodies in these prednisone free protocols is that
the onset of first rejection episode was earlier with basiliximab (7.5 days) than
with alemtuzumab (107 days). In general, post transplant management is simpler
and cost is less if first rejection episodes can be delayed until 30 days or more after
transplantation. Avoidance of maintenance prednisone imposed no penalty upon
graft or patient survival, level of renal function or freedom from rejection epi-
sodes (20,21).

OUTCOMES

All transplant centers are required to report patient and graft survival (and
much more) to UNOS. Data collected by UNOS are transferred to the Scientific
Registry of Transplant Recipients for analysis and preparation of reports that have
begun to appear on the Internet every six months in July and January (35). Each
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organ specific report covers a 30- month cohort of recipients followed for at least
one year after transplantation. The reports list one-year patient and graft survival
for the entire United States and individually for each of the centers. The reports
also indicate the expected outcomes for each center; these are based on analysis of
multiple risk factors in the cohort. Finally the report includes a statistical P-value
to indicate whether outcomes were higher, lower or not different from expected.

A brief summary of the January 2003 report for kidney transplants is represen-
tative of all solid organ outcomes. Graft and patient survival are increasing na-
tionwide, but surprisingly large variation exists among centers. Nationwide first
year graft and patient survival are 90.86% and 95.44%. Among nearly 250 centers
fifteen had higher graft survival than expected (P<0.05) and sixteen had lower
than expected (P<0.05). Patient survival was higher than expected in fourteen
centers and lower in thirteen. First year graft survival ranged from 97 percent in
higher centers to 80 percent in lower centers. The higher centers were three to four
percentage points above their expected outcome and the lower were six to eight
points below expected. First year patient survival ranged from 86 percent to 98
percent. The higher centers were two points above expected and lower centers
were five to six points below expected.

Outcomes for liver, simultaneous kidney/pancreas, and heart transplants ex-
hibit the same wide range with respect to graft and patient survival one-year after
transplantation. In 109 liver transplant centers average graft survival was 80.69%.
Expected graft survival among the 109 centers ranged from 75% to 85%. Actual
graft survival ranged from 67% to 93%. Five centers had higher than expected
and six centers had lower than expected graft survival (P<.05). Recipient survival
was 86.27% for all 109 centers; expected survival ranged from 81% to 89% and
actual recipient survival ranged from 70% to 94% among the centers. Four ex-
ceeded expected survival and six were below (P<.05).

For 123 centers that perform simultaneous kidney and pancreas transplants,
the average survival for kidney, pancreas and patient respectively were 91.90%,
84.96% and 94.86%. Individual centers ranged from 74% to 97% for kidney sur-
vival, 60% to 96% for pancreas and 80% to 98% for patient survival. None of the
123 centers had higher than expected kidney or patient survival and two had higher
than expected pancreas graft survival. Five had lower than expected survival for
kidney, four for pancreas and two for patient.

Among 130 heart transplant centers, graft and patient survival averaged 84.50%
and 84.81%. Expected survival ranged from 78% to 89% for graft and 78% to
89% for patient. Actual survival ranged from 50% to 95% for grafts and 60% to
98% for recipients. Five centers exceeded and nine centers were lower than ex-
pected for graft survival. Four centers exceeded and eight were lower than ex-
pected for patient survival.

The internet outcomes reports for all of these organ transplants suggest that
centers with higher outcomes have mastered technical and recipient selection is-
sues and have learned how to assemble the current large array of immunosup-
pressive drugs into effective regimens, while centers with lower outcomes have
not. Now that semi-annual updates on outcomes at all centers are available for the




64

Organ Transplantation

public and each transplant center to review, sophisticated consumers will know
which centers to avoid. Centers with lower outcomes than expected will also know
whom to call for advice.
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Organ Allocation in the United States

Frank P. Stuart and Michael Abecassis

THE NATIONAL ORGAN TRANSPLANT ACT (NOTA)

In 1984, the National Organ Transplant Act was passed by Congress to address
the need for better coordination and distribution of scarce organs. The Act estab-
lished a national task force to study transplantation issues and to create a National
Organ Procurement and Transplantation Network (OPTN). The OPTN was started
in 1986 and a Scientific Registry of Transplant Recipients (SRTR), a data gather-
ing and tracking service on transplants, began operation in late 1987. Both were
funded by the Health Resources and Services Administration (HRSA), an agency
of the U.S. Department of Health and Human Services (DHHS), through con-
tracts awarded to the United Network for Organ Sharing (UNOS) in Richmond,
Virginia. UNOS now serves as the umbrella organization for national organ pro-
curement, transplantation, and statistical information. The primary function of
the OPTN is to maintain a national computerized list of patients waiting for or-
gan transplants. All hospital transplant centers, organ procurement organizations,
and tissue typing laboratories are required to meet the requirements for voting
membership in the OPTN. Its purpose is to ensure equitable access to organs for
critically ill and medically qualified patients and to guarantee that scarce organs
are procured and used safely and efficiently.

ORGAN PROCUREMENT ORGANIZATIONS (OPOS)

Organ Procurement Organizations (OPOs) coordinate activities relating to or-
gan procurement in a designated service area. There are 63 OPOs (often referred
to as organ banks) throughout the United States. Their service areas do not over-
lap. Some include parts of a state, and others include one or more states. The
Health Care Finance Administration (HCFA) of the department of Health and
Human Care Finance Administration (HCFA) of the Department of Health and
Human Services designates and regulates OPOs and sets the criteria by which
their performance is judged. OPOs evaluate potential donors, discuss donation
with family members, and arrange for the surgical removal of donated organs.
OPOs are also responsible for preserving organs and arranging for their distribu-
tion according to national organ sharing policies established by the OPTN.

THE DIVISION OF TRANSPLANTATION (DOT)

Within HRSA, the Division of Transplantation (DOT), in the Office of Special
Programs, administers the OPTN and the SRTR. Other DOT activities include
providing technical assistance to the 63 OPOs, working with public and private
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organizations to promote donation, serving as a national resource to professional
associations, health providers, health insurers, state health departments, and the
media about donation and transplantation, and managing the contract with the
National Marrow Donor Program to administer the National Bone Marrow Reg-
istry for Unrelated Donors.

UNOS HISTORY

In the mid-1960s, an important development occurred that had a major effect
on organ transplantation. It was determined that by transplanting a cadaveric
donor kidney into a recipient that matched genetically, graft survival could be
increased. As a result of this development, several transplant centers began to share
kidneys as a means of extending kidney survival. Preliminary results of shipping
kidneys between centers were successful. With this experience, the Kidney Disease
and Control (KDC) Agency of the Public Health Service awarded seven contracts
to transplant centers throughout the United States. The purpose of the contracts
was to prove the feasibility of procuring kidneys in one place and preserving,
matching, and transporting them in a viable condition for transplantation.

The Southeastern Regional Organ Procurement Program (SEROPP) was
awarded one of these contracts on June 27, 1969. SEROPP originally had a mem-
bership of eight transplant programs in four states and the District of Columbia.
It implemented a computerized on-line kidney matching system in December 1969.

In 1975, responding to the increase in activity, the South-Eastern Organ Pro-
curement Foundation (SEOPF) was incorporated with 18 members in a six-state
area.

Responding to requests from non-SEOPF transplant centers to utilize the com-
puter system for registering potential recipients and sharing kidneys, the United
Network for Organ Sharing (UNOS) was established in January 1977. UNOS was
designed to utilize the benefits of a computerized system for matching kidneys
nationally. The ultimate objective was to better utilize procured kidneys while
improving outcome. UNOS granted access to the computer registry and match-
ing program to any transplant program within the United States. The registry in
the late 1970s included not only kidney recipients, but those awaiting other or-
gans as well.

By 1982, UNOS was becoming more of a national sharing network, and be-
cause of the complexity of sharing kidneys over a large portion of the country,
SEOPF and UNOS created “The Kidney Center.” The Kidney Center was staffed
24 hours a day with personnel who could run the computer and locate recipients
for kidneys and other organs, arrange kidney transportation, maintain and up-
date registry files for those who requested it, and attempt to locate organs through
the UNOS/STAT system for patients who were critically ill. Recipients listed on
the computer were assigned “status” codes to reflect urgency of need. When a
match was found, the kidney was offered to the recipient center and transplanted
there with arrangements made by SEOPE The transportation of other organs
(hearts, livers) remained the responsibility of the donor center since the recipient
center sent its own team of surgeons to retrieve the non-renal organ. In 1984, the
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Kidney Center became known as the “Organ Center” to reflect its activity with
other organs.

In anticipation of changes occurring both in the field of transplantation and in
the legislative arena, UNOS was incorporated as a private, non-profit voluntary
membership organization in 1984. This action was recommended by two com-
mittees, working separately, to determine if UNOS should incorporate to meet
the changing demands of the transplant field. UNOS was classified for federal tax
purposes as a medical, scientific, and educational organization. The primary mis-
sion of the organization was to operate the computerized national recipient regis-
try for patients in need of transplantation and to coordinate the placement of
organs procured in the United States through the Organ Center. UNOS was the
only organization of its kind offering services to the entire nation. Transplant pro-
grams, organ procurement organizations, and histocompatibility laboratories
joined UNOS to participate in the efficient and effective distribution of organs for
transplantation.

The goals of UNOS, as outlined in the Articles of Incorporation, were to:

+ establish a national Organ Procurement and Transplantation Network
under the Public Health Services Act;

+ improve the effectiveness of the nation’s renal and extra-renal organ pro-
curement, distribution, and transplantation systems by increasing the avail-
ability of, and access to, donor organs for patients with end-stage organ
failure;

+ develop, implement, and maintain quality assurance activities; and

+ systematically gather and analyze data and regularly publish the results of
the national experience in organ procurement and preservation, tissue typing,
and clinical organ transplantation.

The UNOS Board of Directors, composed of one representative from each mem-
ber institution, governed the organization. UNOS and SEOPF remained closely
intertwined, sharing office space, computer hardware, and personnel.

In 1986, UNOS sought and was awarded the federal contract to establish and
operate the national Organ Procurement and Transplantation Network. With the
awarding of the contract, UNOS changed its operation to accommodate the man-
dates of the law. In making the changes, UNOS sought input from the transplant
community and its Board of Directors. UNOS also seriously considered the rec-
ommendations of the Task Force on Organ Transplantation. During the first year
of operation as the national OPTN, UNOS enrolled new members and elected a
new Board of Directors to conform with OPTN contract requirements. While the
original Board of Directors consisted of a representative of each member, the new
board included representatives of groups of members. As mandated by contract,
the board was composed of 15 transplant surgeons and physicians and 16 non-
physicians. Non-physicians were representatives of the following UNOS member
categories: Independent Organ Procurement Agencies (two representatives), trans-
plant coordinators (two representatives), Tissue Typing Laboratories (two repre-
sentatives), Voluntary Health Organizations and Public Members (ten
representatives). Public members represented the fields of ethics, law, religion,
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behavioral, and social sciences and included patients, patient advocates, and non-
transplant physicians. Surgeons and physicians represented each of the ten UNOS
geographic regions (one each), and in addition included a President, Immediate
Past President, Vice President, Treasurer, and Secretary (total = 15). UNOS later
provided for a heart transplant representative to be elected to the Board of Direc-
tors, bringing the total number of board members to 32. In addition to enrolling
members and creating a governing body, UNOS established an administrative
organization with an executive director and assistant executive director and inter-
nal departments including: Technical Services and Computer Operations, Profes-
sional Education, Communications, Travel, Finance, Membership and Personnel.
Later changes in the administrative organization included the addition of a Re-
search and Policy Department with more specific responsibilities for supporting
the scientific and policy-making functions of the OPTN.

For administrative purposes, UNOS divided the country into eight geographic
regions. Due to size discrepancies and organ sharing concerns, several of the re-
gions were altered to create a ninth, tenth, and eleventh region by the fall of
1989.(Fig. 1) Each region was assigned a UNOS staff administrator to assist in
coordinating regional activities and to provide input to the UNOS committees
and Board of Directors.

Also in the first year of operation, UNOS created 11 permanent standing com-
mittees: Communications, Education, Ethics, Finance, Foreign Relations, Trans-
portation, Membership and Professional Standards, Heart Transplantation, Organ
Procurement and Distribution, Histocompatibility and Scientific Advisory. An ad
hoc committee on Patient Affairs was later made a permanent standing commit-

% UNOS Regional Map
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Fig. 3.1.
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tee. Ad hoc committees presently include Donations, Multiple Listing, Organ Pro-
curement Organizations, and Pediatrics. Currently, committee members are rec-
ommended by the regional councilor and are selected to provide broad and
experienced input into all committee activities. The president makes the appoint-
ment. Committees receive input from regional subcommittees, from the trans-
plant community, and from the public. Each individual member of the OPTN is
represented in all deliberations by the transplant organization or institution for
whom he or she works.

UNOS established by-laws, membership criteria, and operating policies during
its first year of operation. It also established a mechanism for public input into the
policy-making process. Additionally, UNOS established a Scientific Registry un-
der a two-year contract with the federal government. The Scientific Registry con-
tains pre- and post-transplant data on all solid organ recipients in the United
States as well as data on all donor referrals and actual organ donors.

Membership in the national OPTN was mandated in the Omnibus Budget Rec-
onciliation Act of 1986. This legislation required that transplant centers be mem-
bers of the OPTN and abide by its rules and policies or stop transplanting organs.
If a transplant center elected not to join but to continued transplanting, that cen-
ter would no longer be eligible to participate in the federal Medicare/Medicaid
programs. As a result, membership in UNOS is no longer voluntary, and therefore
policies set by UNOS govern all organ transplantation programs in the United States.

One of the provisions of NOTA in 1984 was that the Secretary of HHS would
eventually submit a set of OPTN operating rules to the Federal Register; at that
time, rules of the OPTN would acquire the force of law. The purpose of any set of
rules would be as follows:

+ The effectiveness of cadaveric organ procurement and distribution is im-
proved;
+ Access to an optimal organ transplant is improved and increased;

+  The system for sharing renal and extra-renal organs is improved so as to:

+ Facilitate the matching of renal and extra-renal donor organs with po-
tential recipients based on criteria established for each organ;

+ Provide a system by which highly immunologically pre-sensitized pa-
tients will be afforded the broadest possible opportunity to be matched
with an acceptable donor;

+ Improve transplant outcome; and

+  Decrease organ wastage.

+ Quality control is assured by collection, analysis, and publication of data on
organ donation, procurement, and transplantation; and

+ The professional skills of those involved in organ procurement and trans-
plantation is maintained and improved.

In 1984, UNOS was incorporated as a legal entity, and in 1986, SEOPF gave it
its computer matching system. The foundation also gave UNOS the 24-Alert voice-
activated computerized matching system for non-renal vascular organs, devel-
oped for the North American Transplant Coordinators Organization in Pittsburgh.
UNOS received a contract from the federal government effective October 1, 1986,
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to put in place an organ procurement and transplant network. This network was
to develop a national policy to assure equitable organ allocation. A point system
developed through the University of Pittsburgh and later published in the New
England Journal of Medicine was offered to UNOS by Dr. Thomas Starzl to be
used nationally for allocating kidneys, livers, and thoracic organs. The UNOS Board
of Directors adopted Dr. Starzl’s point system in May 1987 and implemented it on
October 1, 1987, the date that the Organ Procurement and Transplant Network
(OPTN) became operational.

In June 1988, the Board of Directors approved an allocation system for hearts
and heart-lung combinations. This new system was not based on points, but in-
stead allocated organs first locally, then to recipients within a 500-mile radius of
the donor hospital, followed by recipients within a 500-1,000 mile concentric circle,
and then finally, to all recipients beyond a 100-mile radius. These organs were
allocated first to Status I patients (those patients who were critically ill and in
urgent need of a transplant), and secondly, to Status II patients (all other potential
heart recipients). (See UNOS Policy 3.7.) That policy went into effect January 4,
1989. At the February 1989 Board Meeting, the Board of Directors approved a
modification of the point system for renal allocation that put a higher emphasis
on antigen matching while maintaining a major emphasis on the length of time
potential recipients had been waiting. Additionally, the new match process only
considered the percent reactive antibodies of the recipient if the level exceeded 80
percent reactive antibodies and a preliminary negative crossmatch was available
(see Policy 3.5). A simple pancreas allocation policy was developed in 1989 (Policy
3.6.10). Also in 1989, a slight modification was made to the liver allocation policy
found in section 3.6 of the policies. The current organ allocation policy for each
organ follows this chapter.

THE ORGAN CENTER

In 1982, the UNOS Organ Center was developed by SEOPF through a grant
from the American Kidney Fund. The Organ Center was established to assist or-
gan procurement coordinators with organ placement according to established pro-
tocols and to arrange transportation for those organs to the recipient center. The
Organ Center is staffed 24 hours a day with trained personnel to help assure that
organs are allocated, shipped, and delivered in a timely and appropriate fashion so
that more patients can be transplanted with suitable organs. The Organ Center
maintains the minimum acceptance criteria that each United States center uses
for sharing organs. This information is updated periodically to be of the most
benefit.

The Organ Center is used by most of the nation’s transplant centers and organ
procurement organizations for sharing kidneys. Organ Center personnel receive
the information from the donor center, access the computer for matches, and tele-
phone potential recipient transplant centers and organ procurement organiza-
tions until they find a transplant center willing to accept the organ. Once they
have identified the center, Organ Center personnel hook up a three-way tele-
phone conversation between the donor center, the Organ Center, and the recipient
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transplant center. This assures a clear understanding of the expectations by all
parties. Next, the Organ Center arranges transportation from the donor center.

ALLOCATION OF ABDOMINAL ORGANS

KIDNEY ALLOCATION

Kidneys are allocated on a local, regional, and national basis with the exception
of mandatory sharing of six antigen matched kidneys. The allocation of cadaveric
kidneys is made at the local level according to a point system. Patients on the local
waiting list are offered kidneys in descending sequence with the patient with the
highest number of points receiving the highest priority. A local area is defined by
either the individual transplant center recipient list or a shared list of recipients
within a defined procurement area which can be no larger than the OPO and
service area designated by HCFA. The point system includes blood group, time of
waiting, quality of antigen match, panel reactive antibody, and pediatric status.
Medical urgency is not considered for kidney or pancreas allocation. A pay back
system to the OPO of origin exists for six antigen match shared kidneys.

PANCREAS/KIDNEY ALLOCATION
Combined kidney/pancreas transplants are typically allocated according to the
kidney allocation policies.

LIVER ALLOCATION

Organs are offered on a local, regional, and national basis. A point system simi-
larly exists which includes blood group, time waiting, and degree of medical ur-
gency. For every potential liver recipient, the acceptable donor size is determined
and used as preliminary stratification.

Upon approval of the OPTN Board of Directors, a transplant center or an OPO
may assign to each of the point systems’ criteria, points other than the number of
points set forth by OPTN policy. In 2000 UNOS adopted the Model for End-stage
Liver Disease (MELD) system for predicting the prognosis of patients with end-
stage liver disease. The score relies on three laboratory parameters, bilirubin, pro-
thrombin time (INR) and creatinine. A modification of the MELD system known
as PELD has been adopted for allocating cadaveric livers to children. Both systems
have been modified to take into account the patient with hepatocellular carci-
noma, which can spread before bilirubin, prothrombin time and creatinine rise.
Most agree that the new system is an improvement over the previous one, which
depended heavily on waiting time, subjective prediction that death was likely within
7 days, and hospitalization in an intensive care unit.

INCREASING DISPARITY BETWEEN ORGAN SUPPLY AND WAITING

LISTS

The past ten years have witnessed remarkable progress. Outcomes are vastly
improved; the number of transplant centers has increased so that they are avail-
able throughout the country (over 100 centers each for heart, liver, and pancreas,
250 centers for kidney, 25 centers for lung, and 15 centers for intestine); large
numbers of transplant physicians and surgeons have been trained; the waiting list
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for all organ approaches 90,000 individuals; yet the number of cadaver donors has
stalled at approximately 6000 each year. Many die each year while waiting for an
organ transplant.

Because supply and demand are so far out of balance, consensus on fairness
and utility in allocation alogorithms is increasingly more difficult to achieve. Vo-
cal articulate advocates of particular points of view have lobbied Congress and
HHS for changes in the allocation rules. Dramatic stories in newspapers, maga-
zines, and television have become commonplace.

RECENT DEVELOPMENTS

In 2000 the Secretary appointed a committee of 40 members to serve as an
Advisory Committee on Transplantation. The Advisory Committee convened in
November 2002 at the Secretary’s request to consider issues related to well-being
of living donors, shortage of cadaveric donors and equal access to organ trans-
plantation. The Advisory Committee made nine recommendations designed to
increase cadaveric organ donation, two recommendations to encourage equal ac-
cess to minority populations and seven recommendations with respect to living
donors. All eighteen of the Advisory Committee’s recommendations are presented
in Chapter 2 of this edition as part of a general review of long waiting lists and the
increasing importance of living organ donors. Transplant related initiatives of the
2003 U.S. Congress and Senate are also part of that review.
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INTRODUCTION

Organ procurement organizations (OPOs) are entities that play an integral role
in the organ transplantation process through the provision of all activities related
to organ donation. This includes education of the general public, education of
medical professionals in hospitals, assisting hospitals with the development of
written policies and procedures, obtaining family consent, medical evaluation of
potential donors, the surgical removal of organs, organ preservation, organ distri-
bution, and follow-up with participants of the recovery process. The OPO is also
responsible for required reporting to the national Organ Procurement and Trans-
plantation Network (OPTN), the Center for Medicare and Medicaid Services
(CMS) and, in some cases, state health organizations.

Initially, OPOs were formed within academic transplant hospitals, typically in
the department of surgery, to support the hospital’s kidney transplant program.
In the late 1960s and early 1970s, a few of these entities formed their own govern-
ing structures and separated from the transplant hospitals to form independent,
not-for-profit corporations. As more OPOs began operating as separate corpora-
tions, several bonded together to form a trade association, the Association of In-
dependent Organ Procurement Agencies (AIOPA). This organization has evolved
to include independent and hospital-based OPOs and is now the Association of
Organ Procurement Organizations (AOPO).

Through the 1970s and midway through the 1980s, OPOs were essentially un-
regulated. Typically organ allocation occurred only locally and was at the direc-
tion of the transplant program(s). Organ sharing beyond the local programs was
driven by expediency and, to some extent, medical priority. Early efforts to allo-
cate organs via a structured system were coordinated through various organiza-
tions including individual OPOs, the Southeastern Organ Procurement Foundation
(SEOPF) and the North American Transplant Coordinators Organization
(NATCO). Authorized by the National Organ Transplant Act of 1984, the United
Network for Organ Sharing (UNOS) currently holds a federal contract to be the
OPTN. In recent years, UNOS has established and now oversees the national or-
gan sharing system. All OPOs are required to be members of the OPTN.

During the development of the National Organ Transplant Act and shortly af-
ter its passage, there was a substantial shift from hospital-based OPOs to indepen-
dent OPOs. Another remarkable effect of the legislation was a striking reduction
in the number of OPOs. Currently, OPOs are regulated in terms of governance,
function and performance. As reporting requirements have increased, so have
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performance expectations. Most OPOs now expend significant resources promot-
ing organ donation initiatives through public, professional and legislative avenues.

LEGISLATION AND REGULATION

Although organ procurement rates experienced moderate, but steady, growth
during the 1970s and early 1980s, the growth rate of the transplant waiting list
was much larger. The gap between supply and demand caused patient groups to
insist on a fair system of organ allocation that would provide equitable access to
organs on a national level. Legislators responding to their constituents rushed to
introduce bills to deal with this issue. Among the numerous legislators participat-
ing in this effort were Senators Ted Kennedy, Orin Hatch and Dan Quayle, and
Representatives Dan Marriott, Edward Madigan and Henry Waxman. However, a
bill introduced in 1983 by a Tennessee Democrat, Congressman Al Gore, ulti-
mately changed the face of history with respect to organ procurement and trans-
plantation. After several days of hearings, Congressman Gore drafted legislation
in October 1983 titled the National Organ Transplant Act.! The bill underwent
numerous revisions until it was passed into law on October 19, 1984.

The National Organ Transplant Act was an amendment to the Public Health
Service Act and it was a landmark statute for the transplant world. Most other
federal legislation that followed has been tied to this important law. The law was
divided into four parts—Titles I-IV. Title I established a task force charged with
examining issues related to human organ procurement and transplantation, mak-
ing an assessment of immunosuppressive medications used in transplantation,
and presenting a report to the Secretary of the Department of Health and Human
Services (DHHS). The task force held its first meeting in February 1985 and sub-
mitted its final report in April 1986. The task force outlined 60 recommendations
in its 232-page published report.? Table 4.1 lists several of the recommendations
that directly affected OPOs.

Title IT of the act dealt with organ procurement activities. Section 371 defined
OPO qualifications including non-profit status, service area size, board composi-
tion and functional capabilities. Regulations regarding OPO qualifications have
been revised several times, and current regulations will be addressed later in this
chapter. Section 372 established the OPTN. The law provided initial funding for

Table 4.1 Task force recommendations affecting OPOs

() The enactment of uniform state laws for the determination of death

¢ The enactment of legislation requiring implementation of policies on organ donation
and required request

¢ The development of minimum performance standards for OPOs

( Public education on organ donation targeted to minority populations

¢ Incorporation of organ procurement and transplantation into the curriculum of
nursing and medical schools

() Certification of organ procurement specialists

{ Certification of not more than one OPO in any one service area

() OPO governance similar to that described for the OPTN

( A single national system for organ sharing
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establishment and operation of the OPTN and set forth its qualifications, func-
tions and board composition. Section 373 established a scientific registry to be
awarded either by grant or contract. This registry was to include information on
transplant outcomes. It was intended to allow patients and professionals to evalu-
ate the scientific and clinical status of organ transplantation on an on-going basis.
It has subsequently become the primary source of information for transplant pa-
tients to evaluate organ-specific outcomes at individual transplant centers. Sec-
tion 375 of Title IT established the Office of Organ Transplantation. This office
was to coordinate organ procurement activities under Title XVIII of the Social
Security Act (Medicare), conduct public education about organ donation, pro-
vide technical assistance to OPOs, and provide an annual report to Congress on
the status of organ donation. The Office of Organ Transplantation was later made
a permanent part of the federal government when it was designated as a division

Table 4.2. Summary of qualification requirements for OPO designation

Must qualify as a nonprofit entity

Must have accounting procedures sufficient to maintain fiscal stability and to obtain
payments from transplant centers for organs provided

Must have an agreement with the Secretary of DHHS for Medicare reimbursement
Must have an appropriately defined service area

Must have a director and sufficient staff to be effective in recovering organs from the
OPO’s service area

Must have a Board of Directors with authority to recommend donation policy and
which meets composition requirements defined in these regulations

Must have a documented working relationship to identify potential organ donors
with at least 75% of the hospitals that have organ recovery capabilities and which
participate in the Medicare and Medicaid programs

Must have a systematic approach to identifying potential donors and acquiring all
usable organs from those potential donors

Must arrange for tissue typing

Must have a system for allocating organs equitably in compliance with OPTN rules
and with CDC Guidelines for Preventing Transmission of Human Immunodeficiency
Virus Through Transplantation of Human Tissue and Organs

Must arrange for transportation of donated organs to transplant centers

Must coordinate its activities with area transplant centers

Must have cooperative arrangements with tissue banks

Must maintain data which demonstrates compliance with performance standards
Must maintain data and records in a format which could be easily transferred to a
successor OPO to facilitate uninterrupted service

Must have procedures to assure confidentiality of patient records

Must conduct professional education

Must ensure that donor screening is performed by an appropriately certified
laboratory to comply with OPTN standards and CDC screening guidelines

Must assist hospitals in making routine inquiries about organ donation

Must ensure that donors are tested for HIV markers in compliance with CDC
guidelines and OPTN rules

Must provide in a timely manner annual data concerning the population of the
OPO’s service area, the number of actual donors, and the number of renal and
extra-renal organs procured and transplanted
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under the Health Resources and Services Administration (HRSA). It is now re-
ferred to as the Division of Transplantation (DOT) and has taken on the role of
overseeing the OPTN contract.

Title III of the National Organ Transplant Act made it unlawful for any person
to transfer any human organ for valuable consideration if the transfer affects in-
terstate commerce. The term “valuable consideration” did not include reasonable
reimbursement costs associated with the acquisition, preservation and transpor-
tation of organs acquired from deceased donors. Title IV dealt with the establish-
ment of a national bone marrow registry.

The Omnibus Budget Reconciliation Act (OBRA) of 1986 defined the require-
ment that each OPO be certified by Medicare as a qualified OPO.? The law further
stated that OPOs be re-certified every two years by meeting qualifying criteria and
performance standards established by the Secretary of the DHHS. It quickly be-
came evident that numerous OPOs would not qualify under the initial qualifying
criteria, especially those criteria related to the size of the OPO’s service area and its
donor potential. The ability of an OPO to qualify for certification was critical to
its very survival. Any OPO not certified by October 1, 1987, would no longer re-
ceive payment for Medicare and Medicaid reimbursable expenses. As the deadline
for certification drew near, OPOs across the country were merging and consoli-
dating in order to meet the requirements. By the time the first certification pro-
cess was completed, the number of OPOs had been reduced by approximately 40%.

Regulations related to OPO qualifying criteria and performance standards have
been revised several times since 1986 and were last modified in November 2000.
CMS still has not provided details about all elements of the new regulations, al-
though one key element is the change in the certification cycle for OPOs from two
to four years. The following are several key elements of the regulations used
previously.

For an OPO to receive Medicare and Medicaid reimbursement, it must be
exclusively designated by CMS to operate in a defined service area. To be the des-
ignated OPO for a service area, the OPO must make application to CMS and meet
certain requirements including the following:

+ The OPO must be certified as a qualified OPO and must be a member of
the OPTN.

+ The OPO must have a formal agreement with CMS for reimbursement.

+ The OPO must have working relationships with hospitals and transplant
centers within its service area.

+ The OPO must provide cost projections and cost reports to CMS to estab-
lish reimbursement rates and must provide data to CMS related to organ
recovery activity.

+ The OPO must also comply with defined performance standards in
order to be redesignated.

+ The OPO must provide extensive information regarding its service area,
including the size and boundaries, the population, names of the counties,
and names of the hospitals with organ recovery capabilities.

A summarized list of designation requirements is shown in Table 4.2. The gov-
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Table 4.3. Summary of requirements for OPO board composition

() Hospital administrators, tissue banks, voluntary health associations and either intensive
care or emergency room personnel within the OPO’s service area

() General public residing in the OPO’s service area

¢ A physician or individual with a doctorate degree in the biological sciences who is a
specialist in histocompatibility

{ A physician who is a neurosurgeon or a specialist in neurology

() A transplant surgeon from each transplant center affiliated with the OPO

erning Boards of OPOs are also subject to composition requirements defined by
the regulations. Table 4.3 lists the required member categories for an OPO’s Board
of Directors. Although an OPO may have more than one board, at least one of the
boards must be composed in accordance with the regulations.

Performance standards for OPOs were less stringent prior to January 1, 1996.
To meet those standards, each OPO had to demonstrate that it procured from its
service area at least 23 kidneys per million population per year and that, of those
procured kidneys, at least 19 per million population per year were transplanted.

The current performance standards implemented January 1, 1996, include five
performance categories: 1) number of actual donors per million population; 2)
number of kidneys recovered per million population; 3) number of extra-renal
organs recovered per million population; 4) number of kidneys transplanted per
million population; and 5) number of extra-renal organs transplanted per mil-
lion population. To be redesignated, each OPO must achieve at least 75% of the
national mean in four out of the five performance categories per year averaged
over the two years prior to redesignation. In theory, all existing OPOs could meet
these requirements without any being closed. However, several OPOs have already
failed to meet these standards and have been closed. It is anticipated that as the
lower-performing OPOs drop out via the redesignation process, the performance
mean will continue to rise. On the positive side, a rising mean accomplishes the
objective of having mandatory performance standards by raising the overall per-
formance requirements of OPOs. On the other hand, some OPOs will fail and
there is no guarantee that there will be an improvement of performance in a given
service area with a different OPO. There are many who argue that the current
performance standards are inappropriate because they are based solely on popu-
lation and don’t take into account population density, population demographics,
trauma referral patterns or other factors that may influence organ donation activ-
ity but may be out of the sphere of control of the OPO. The AOPO and others
who have criticized the validity of these standards are reviewing alternative stan-
dards that may more directly measure OPO performance. It is hoped that once
CMS finally publishes the details of its November 2000 regulations, they will ad-
dress the inadequacies of the January 1, 1996, performance standards.

The regulations also have a direct effect on hospitals. Each donor hospital in
the OPO’s service area must have an agreement to work with the OPO designated
for the service area in which the hospital is located. The hospital may request a
waiver to work with a different OPO but must demonstrate that the waiver will
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improve the rate of organ donation and ensure equitable access to recovered organs.

The regulations also deal with terminations of OPO agreements with CMS.
OPOs may terminate voluntarily or involuntarily. If the OPO fails to meet the
performance standards described above, CMS may terminate its agreement with
the OPO. An OPO’s agreement with CMS also may be terminated immediately if
CMS determines the OPO is guilty of unsound practices.

A hospital-specific Medicare regulation implemented in August 1998 had a di-
rect impact on OPO operations.> All Medicare-certified hospitals must comply
with this regulation or risk losing their agreements for Medicare reimbursements.
These hospitals must have written agreements with a designated OPO and at least
one eye bank and one tissue bank.

They must notify the OPO or the OPO’s designated third party of all deaths or
imminent deaths in the hospital. It is then the responsibility of the OPO to deter-
mine whether or not the individual is medically suitable for organ donation. It is
also the responsibility of the OPO or a designated requestor trained by the OPO
to discuss organ, tissue and eye donation with the family and obtain the appropri-
ate consent documentation. The regulation also requires hospitals to educate their
staffs about organ, tissue and eye donation issues, including identification of do-
nors and maintenance until the recovery can occur.

Previously, hospitals in most states only called the OPO about potential
donors. Criteria for such determinations were provided by the OPO. In reality,
most OPOs were being notified about a small percentage of the total number of
deaths in each hospital. The regulation placed a substantial burden on OPOs and
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hospitals. A direct impact on the OPO’s level of staffing required to handle donor
referrals and subsequent donations occurred, and many OPOs found it necessary
to expand their telecommunications and information systems capabilities as the
level of referral activity increased.

OPO FUNCTIONS

In the late 1960s and early 1970s, OPOs were often located in academic hospi-
tals as programs within the hospital’s Department of Surgery or Transplantation.
The organ procurement functions of those OPOs were typically limited to assist-
ing in the operating room with kidney recoveries, kidney preservation, and trans-
porting kidneys to neighboring transplant centers if they could not be used locally.
At that time, kidneys were preserved almost exclusively by continuous pulsatile
preservation. The job of the early procurement coordinators was usually more
technical than clinical. The OPO’s employees were often technicians, seldom nurses,
and almost never business people. It was very common for OPO staff members to
have other responsibilities in the hospital or department in which they were
employed. Often they were research technicians, dialysis nurses or technicians,
heart pump technicians, or operating room nurses or technicians.

Since the mid-1980s, the overwhelming majority of OPOs have become inde-
pendent of hospitals. The number of hospital-based OPOs still in existence today
is very small and often function in a manner similar to independent OPOs. There
are, however, a few ways in which hospital-based OPOs differ from independent
OPOs. Independent OPOs are self-supporting, nonprofit corporations. Hospital-
based OPOs may have segregated finances, but they are still financially tied to a
hospital. The hospital-based OPO’s finances are reported as part of the hospital’s
financial reports. The insurance umbrella of the hospital or university typically
covers the hospital-based OPO, whereas independent OPOs must obtain their
own insurance policies. Employees of hospital-based OPOs are really hospital
employees and are subject to the hospital’s employment policies. Independent OPOs
are companies that have anywhere from a handful to more than 150 employees;
many have fewer than 30. Independent OPOs must adhere to state and federal
employment laws, and most hire human resource consultants to ensure compli-
ance. A number of OPOs have even hired full-time human resources personnel.

Most independent OPOs rent office space at one or more locations within their
service area. A number have purchased their own buildings. Staffing has evolved
to the point where many OPOs have departments including procurement, mar-
keting, education, hospital development, human resources, information systems,
accounting and others. Registered nurses and degreed nurses dominate the pro-
curement staffs. Directors of OPOs, who had previously been clinical staff pro-
moted from within, are increasingly becoming business or hospital executives hired
from outside. Most OPOs have full-time accountants, and many now have full-
time information systems specialists. As the focus on public and professional edu-
cation has increased, most OPOs have hired marketing or education specialists.
The annual operating budget of some of the larger OPOs is in the tens of millions
of dollars.
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Not only do OPOs look like serious corporations, they also act like serious cor-
porations. Concepts such as strategic planning and strict adherence to employ-
ment laws that have long been commonplace in corporate America are now
common in OPOs. Well-established OPOs have formal in-house training pro-
grams, employee handbooks, policies for compliance with environmental and
health safety standards, internal performance standards and overall sound busi-
ness practices.

The primary purpose of OPOs is to coordinate all aspects of organ donation
and to maximize the recovery of usable organs for transplantation. This involves
many functions beginning with public and professional education, media rela-
tions, hospital relations, tissue and eye bank relations, donor evaluation, family
counseling and consent, medical management of the donor, and the surgical re-
moval of organs. Additionally, OPO employees are responsible for organ preser-
vation, organ distribution, transportation of organs, follow-up to donor families
and medical staff, accounting and reporting, and contributing to industry knowl-
edge. Add to that interpreting organ allocation policies, acting as a liaison be-
tween multiple surgical recovery teams and hospital staff, and ensuring compliance
with all federal, state, OPTN, OPO, and hospital policies. The staff members of
OPOs must juggle numerous medical, ethical, political and regulatory issues si-
multaneously, and they must do so under intense public, professional and regula-
tory scrutiny. It is not surprising that the burnout rate for OPO staff, especially
clinical coordinators, is extremely high. An important OPO task is to develop em-
ployment screening techniques, training programs and retention programs aimed
at maintaining adequate staffing experience and staffing levels.

Promoting donation is a key function of OPOs that have recognized that their
operations are not driven by organ recovery, but that organ recovery is a result of
effective marketing and education. OPOs are motivated by numerous factors to
play a leading role in improving the rate of organ donation. Public interest is one
of the motivating factors. Although there has been steady, but modest, growth in
the number of organs recovered from deceased donors each year, the percent of
increase has flattened since 1995. From 1988 to 1994, the number of organs recov-
ered increased an average of 9.1% per year; from 1995 through 2002, the average
annual growth was only 1.8%. Even more disturbing is the fact that the transplant
waiting list is expanding at a much more rapid rate and shows no signs of slowing.
In fact, the average annual increase in the size of the waiting list at year end from
1988 through 2002 was 28.6%.° Additionally, OPOs are subject to intense pres-
sure from affiliated transplant programs to provide organs for their patients. The
third factor that motivates OPOs to increase the rate of donation is survival. Sim-
ply stated, OPOs that fail to meet government-imposed performance standards
will be shut down.

In order to impact organ donation rates, OPOs must attempt to modify the
attitudes and behaviors of the general public and medical professionals regarding
organ donation. According to a survey conducted by the Gallup Organization,
while 85% of the public claims to support organ donation, only 28% have signed
a license or donor card indicating their intent to donate.” Actual consent rates
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further demonstrate the discrepancy between the stated attitudes of Americans
toward donation and their actual behavior. According to the Partnership for Or-
gan Donation, the rate of refusal to consent to donation was 50% in its study
group.® Assuming that study reflects national behaviors, one out of every two
Americans asked to donate refuses. Many OPOs and others are focusing efforts to
improve the consent rate through education about organ donation and by en-
couraging individuals to discuss their wishes to donate with their families. Groups
within the general public that have particularly high refusal rates are being stud-
ied to determine what factors cause them to refuse to donate. As more is learned
about the reasons for refusal, these groups are being targeted for focused educa-
tion campaigns. Many OPOs have employed full-time staff specifically to coordi-
nate public education campaigns. Interaction with the mass media, which had
once been only reactive, is now a primary tool of public education for OPOs. In
many OPOs, full-time public relations staff plan media events and work stead-
fastly to develop relationships with key media representatives in their service ar-
eas. This not only facilitates a more proactive approach to media involvement, but
also creates a less adversarial environment when difficult news stories arise.

Although public attitude is the most significant determinant of organ donation
activity, the attitudes of medical professionals also have a profound impact. A
study by the Partnership for Organ Donation revealed that only one third of
potential donors in hospitals actually became donors. Twenty-seven percent of
the potential donors were either not identified or the family was not asked to
donate, while the remaining third refused donation when asked. Although OPOs
expend significant resources to develop strong relationships with hospital per-
sonnel, there is still a lack of participation among many medical professionals.
Some of this can be attributed to personal feelings about donation, some to a lack
of clear procedures, and some to a workload that causes them to view donation as
alow priority. Virtually all OPOs have marketing or hospital development staff to
work closely with hospitals toward an objective of improved participation. In some
OPOs, the marketing staff is as large or larger than the clinical staff. These
individuals facilitate the donation process by endeavoring to make a seemingly
complicated process as simple as possible. They help the hospitals develop written
policies and procedures, they provide around-the-clock in-service education pro-
grams, they provide role-playing opportunities, and they conduct postrecovery
debriefing conferences. Some OPOs even provide debriefing sessions in situations
when a referral does not result in a donation. Marketing personnel provide one-
on-one support and recognition for hospital employees who participate in an the
organ donation process. Many OPOs also host annual conferences for nurses and
physicians in their service area.

One of the most important activities of the marketing staff is to determine the
annual donor potential in every donor hospital in the OPO’s service area. This is
actually one of the best methods for an OPO to evaluate its own performance, and
it is critical to resource planning. If an OPO can identify which hospitals have the
highest donor potential, it can focus more of its resources toward those hos-
pitals. Further, if the OPO can determine which hospitals are falling short of
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their potential, it can reallocate its resources to improve performance in those
hospitals. Knowing this information creates an opening for OPOs to give direct
feedback to hospital administrators about the level of donor potential versus ac-
tual recoveries for any given period. The mechanisms for determining donor po-
tential vary, but most involve some sort of retrospective review of medical records.
Each OPO utilizes the methodology and criteria for donor suitability that best
meet local needs. While this may be useful on a local level, the lack of consistency
makes it impossible to determine donor potential at the national level. Beginning
in 1997, the AOPO conducted a pilot project designed to develop a methodology
for estimating organ donor potential. A secondary motive of this project was to
provide the data necessary to develop better national performance standards based
on true donor potential rather than the current standards that are based on popu-
lation. There have been many estimates of the national donor potential calculated
by numerous methods involving extrapolation. The AOPO Death Record Review
study recently projected the national donor potential at 11,000 to 14,000 potential
donors per year.

Relationships with eye and tissue banks can have a direct impact on the perfor-
mance of an OPO. By association, medical professionals and members of the gen-
eral public often assume that the OPO, the eye bank and the tissue bank are a
single entity. While in some cases this may be true, it most frequently is not. It is
important for these three entities to coordinate education programs, donor refer-
rals and recoveries to provide the smoothest possible procurement service to do-
nor hospitals. Any complications in the process that can be attributed to poor
communications between OPOs, eye banks and tissue banks can create a risk that
hospital participants or public attitudes will be compromised. It is the responsi-
bility of OPOs to take the lead in coordinating the activities of the three entities
since it is mandated that all hospital deaths must be reported to the OPO.

THE ORGAN PROCUREMENT PROCESS

Virtually all OPOs recover multiple organs from donors, whenever possible.
Additionally, some OPOs also recover eyes and tissues. It is the responsibility of
the OPO to initially evaluate potential donors for medical suitability. This requires
the clinical coordinators to have extensive medical knowledge about the physiol-
ogy and function of multiple organ and tissue systems. The coordinators must be
skilled at reviewing, sometimes voluminous, medical records for pertinent infor-
mation that may provide insight about organ function or that may identify
contraindications to donation. Coordinators also must be resourceful in deter-
mining past medical history and high-risk behaviors. This information is obtained
through previous hospital admissions, as well as discussions with nurses, attend-
ing and family physicians, and friends and family members. Obviously, the coor-
dinators must exercise the utmost sensitivity when discussing these issues with
family members and friends.

Clinical coordinators and other staff receive specific training in counseling griev-
ing family members about the organ donation process. Some OPOs also train
designated requestors, who typically are hospital employees. This is especially
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important in situations where the hospital is located a significant distance from
the OPO. It is imperative that the families of potential donors are approached
regarding the option of donation with compassion and sensitivity, recognizing
the sudden loss of their loved one. As noted previously in this chapter, OPOs are
required either to speak directly to the family about consent for donation or they
must be involved by training a designated requestor. Many past studies have shown
that personnel from OPOs are more effective than nurses, physicians or hospital
clergy in securing consent. However, recent studies have demonstrated that the
consent rate is even higher when the discussion is conducted jointly by a member
of the OPO along with a member of the hospital staff. It is important that the
OPO coordinator provide complete information to the family about the donation
process, including the timeframe for completion. The coordinator also must pro-
vide updates to the family if there are unexpected delays. It is imperative that the
family not feel pressured or harassed. Their decision about donation should be
respected even if their answer is no. Coordinators must be cognizant of the criti-
cal balance between the desire to get consent for a given donation and the possible
ill will that could result from alienating a potential donor’s family.

Once a donor has been identified and the family has consented to donation, it
is critical that appropriate medical management is provided to ensure that the
organs are functioning optimally at the time of recovery. Before the OPO can
begin its involvement in medical management, death must be declared and docu-
mented appropriately in the donor’s medical record. The first step in the donor
management process is to determine the current status of organ function. This is
accomplished by physical examination, review of past and current medical records,
obtaining necessary laboratory tests and other diagnostic tests or consultations. A
detailed discussion of medical management of deceased organ donors is beyond
the scope of this chapter, but several key objectives are described as follows. Perfu-
sion and oxygenation are the two main goals of donor management. Maintenance
of normal blood pressure, fluid electrolytes and blood oxygen levels are the key
ingredients in accomplishing those objectives. In the process of managing the donor
to achieve optimal function of one organ, coordinators must be careful not to
compromise the function of another organ. For example, it is desirable to main-
tain a brisk diuresis in the kidneys up to the moment of surgical recovery. How-
ever, overhydrating a donor may cause excess fluid in the lungs and may
compromise pulmonary function. It is important for the medical management of
the donor to be performed in a manner consistent with the optimum function of
all transplantable organs.

The coordinators also are responsible for ordering laboratory tests to deter-
mine the presence of any transmissible diseases such as HIV, hepatitis or other
systemic infections. All OPOs have Medical Directors or physicians designated to
oversee and assist as necessary in the screening and medical management of do-
nors. Their level of involvement in a given case depends on the complexity of the
case and the experience level of the coordinator. Additionally, physicians from
each of the receiving transplant teams may request specific tests or management
parameters. It is the role of the coordinator of the host OPO to coordinate the
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numerous variations that often occur with different recovery teams and be as re-
sponsive as possible to the needs of each. Of course, special requests must not
interfere with sound donor management and should not be permitted to com-
promise one organ to the benefit of another.

After the evaluation and management of the donor is in progress, the coordina-
tor must place the organs. The federal government, through the contracted OPTN,
regulates organ allocation. Coordinators must register each donor with the OPTN,
and allocation is determined through computer matching by the OPTN. Once a
transplant center has accepted an organ, it is the responsibility of the coordinator
from the host OPO to communicate with the coordinator from the receiving cen-
ter to coordinate and schedule the surgical recovery. The host coordinator often
assists in obtaining local transportation for a team flying in from a distant loca-
tion. The coordinator also should determine and assist with any special needs of
that team. In some situations, one team may be removing all organs. More typi-
cally, several teams are involved in each surgical procedure. The coordinator of
the host OPO is responsible for coordinating the arrival of each team and discuss-
ing the order of the surgical procedure with members of the surgical teams.

Typically, each recovery team provides its own preservation fluids and supplies.
The coordinators are responsible for preparing preservation solutions and mak-
ing them available to the surgical recovery team at the appropriate time during
the procedure. The length of warm and cold ischemic periods are important to
the anticipated function of transplanted organs, and the coordinators are respon-
sible for documenting when these periods begin and end. Other times, such as the
incision time and the time of drug administration also are documented during
the procedure. Although most organs are preserved by static cold storage, some
OPOs preserve kidneys by continuous pulsatile perfusion. This requires special
knowledge and technical skills including surgical skills and the operation of per-
fusion equipment. Each preservation method has its advantages and disadvan-
tages, but both work well provided that the length of preservation is kept within
acceptable parameters.

The coordinator for each recovery team is responsible for appropriate packag-
ing and labeling of organs, tissue typing materials, and any specimens that will
accompany their organ(s). This must be done in strict compliance with OPTN
policies to prevent errors and provide consistency. The receiving transplant center
or laboratory may refuse organs or tissue samples that are not appropriately la-
beled. The OPO must have established relationships with histocompatibility labo-
ratories for tissue typing and crossmatching. Ideally, blood or tissue samples are
delivered to the histocompatibility laboratory prior to the start of the surgical
recovery. However, in distant locations, it may not be practical or cost effective to
arrange for prerecovery tissue typing. Lymph nodes, blood and other tissue samples
are collected during the surgical recovery and the coordinator is responsible for
arranging for those samples to be delivered to the histocompatibility laboratory.

Organs are transported in several ways. Sometimes they accompany the recov-
ery team back to the transplant hospital; sometimes they are shipped by commer-
cial or charter aircraft unaccompanied. In the case of pulsatile perfusion, the
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coordinator or perfusion technician attends to the machine whether the kidney is
used locally or at a distant center.

Organ donation only occurs through the good will of the general public and
the participation of the medical community. Successful OPOs do an effective job
of following-up with members of the donor’s family, medical professionals and
others who were involved in a given case. An organ recovery is an enormous event
involving from 20 to 100 individuals. This includes all the immediate family mem-
bers, nurses and physicians in the emergency room, ICU and operating room,
hospital administrators, hospital security, transportation personnel and a host of
others. Prompt feedback to each of these individuals is generally very meaningful
to them. Letting them know how much they are appreciated and how much their
efforts contributed to saving and improving the lives of others can motivate them
to participate in the future. At the very least, it helps them to feel appreciated for
participating in a process that can be very stressful and emotional. Typically the
feedback is in the form of a letter, but it can also come in other ways. Appropri-
ately timed phone calls to the family are sometimes helpful and provide an open-
ing for the family members to ask any unanswered questions they may have
regarding the process. De-briefing meetings with medical professionals have been
shown to be an effective way to allow staff members to ask questions or simply
vent their feelings. It is also the responsibility of the OPO to follow-up on blood
cultures or any other laboratory tests that were not completed prior to the recov-
ery and report the results to receiving transplant centers.

Organ transplantation is an effective, but expensive, treatment for end-stage
organ failure. Organ acquisition is a significant component of the overall expense,
with the procurement-related costs of some organs exceeding $25,000. The OPO
bears the initial cost of organ acquisition and is reimbursed by the transplant
center that receives the organ. The transplant center then recovers that cost di-
rectly from the patient or third party payer. For kidneys, the third party payer is
usually Medicare. Since kidneys represent approximately half of the activity for
most OPOs, a substantial portion of OPO funding comes from this source. In
fact, OPOs are required to file an annual cost report with CMS. If the cost report
indicates that the OPO charged more than its actual cost for kidneys, the OPO
must pay that amount back to Medicare. Conversely, if the OPO undercharged for
those organs, Medicare reimburses the OPO. Where kidney costs and reimburse-
ments are concerned, the OPO must break even with Medicare for reimbursed
expenses. Although the cost report is due annually, OPOs may file for an interim
adjustment during the year if they can document a substantial loss.

In the case of kidneys, all OPOs charge transplant hospitals a standard acquisi-
tion charge. They create a cost center specifically for kidneys and track all ex-
penses attributable to kidney acquisition over the course of a year. This includes
direct expenses such as donor hospital charges and transportation, as well as indi-
rect expenses such as professional education, salaries and rent. Direct expenses
are relatively simple to identify, but indirect expenses can only be reimbursed by
Medicare to the extent those expenses can be tied to kidney acquisition. A portion
of salaries and other indirect expenses also are allocated to the acquisition of ex-
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tra-renal organs. Furthermore, Medicare has strict procedures for determining
what expenses can be included in the kidney cost center. Once the OPO has estab-
lished a financial history, it can accurately project expenses in an annual budget.
The standard kidney acquisition fee is then calculated by dividing the projected
kidney related expenses by the number of projected kidney transplants. Since this
is only done at the beginning of each fiscal year, variations in actual versus pro-
jected costs can easily result.

Revenues that occur as a result of reimbursement for extra-renal organs are
similar to reimbursement for kidneys; however, OPOs are not required to break
even for extra-renal organs. As nonprofit entities, OPOs are allowed to build and
maintain a fund balance, although no revenues in excess of actual cost can be
acquired from kidney revenues. For many years, some OPOs operated with little
or no cash reserves, which created serious difficulties in times of slow donor activ-
ity. As OPOs have become more sophisticated in their financial practices, they
have realized that a strong fund balance is essential for the effective operation of
their organizations. Many OPOs include financial planning as part of their an-
nual strategic planning process. Although presently there is no industry standard,
many OPOs are wisely building fund balances equal to several months of operat-
ing expenses. Unquestionably, OPOs are under intense public scrutiny to be cost
effective. It is important for OPOs to expend their resources wisely and to avoid
unnecessary expenses or anything the public might consider extravagant. How-
ever, it would be very fiscally irresponsible for an OPO to allow its cash reserves to
diminish to a point that routine operations are compromised.

All OPOs must report their financial data to CMS annually. They also are sub-
ject to periodic financial audits by CMS. Additionally, most OPOs undergo inde-
pendent financial audits. They must file a corporate tax return to the Internal
Revenue Service. And, even though not required, most OPOs provide detailed
information to affiliated transplant centers regarding the determination of their
organ acquisition charges. In addition, OPOs have public board members that
review their budgets and financial data.

In addition to financial reporting, OPOs also must comply with the data
reporting requirements of the OPTN, various offices of the federal government
and, in some cases, state government or health associations. OPOs must docu-
ment and report organ recovery activity, compliance with federal OPO regula-
tions, compliance with health and safety standards, compliance with OPTN
membership standards, and compliance with OPTN allocation policies. Occasion-
ally OPOs must respond to inquiries from the Office of the Inspector General and
other governmental agencies. In some cases, state laws regarding donation have
been enacted that require OPOs to report information to state or local health
authorities. Affiliated hospitals certainly expect a high level of reporting from the
OPO regarding organ recovery activity, marketing activity and finances.

Organ recovery productivity varies, sometimes dramatically, from one OPO to
the next. It is in the public’s interest for all OPOs to perform at a high level. High-
producing OPOs often demonstrate many innovative practices that have maxi-
mized their performance. Conversely, low-performing OPOs often identify unique
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and sometimes unavoidable areas that detract from their performance. An open
exchange of information that contributes to the industry knowledge is healthy
and beneficial to all OPOs. This can best be accomplished through active partici-
pation in trade associations such as AOPO or professional associations such as
NATCO, verbal or poster presentations at national meetings, and the publishing
of professional papers. Although most OPOs have developed a high level of tech-
nical expertise, no OPO has claimed to discover the secret to maximizing organ
donation. There is no single magic formula for improved performance. Rather,
this is best achieved through a host of activities that combine to affect the behav-
ior of the public and the medical professionals. The extent to which an OPO can
discover and implement effective techniques will ultimately determine its
performance.

INITIATIVES TO INCREASE DONATION

Each year the gap between supply and demand for transplantable organs wid-
ens. Many initiatives to increase the supply of organs have been attempted, and
new ones surface at a steady pace. Some of these are very localized and are under-
taken by a single OPO. Some are statewide or regional and may be the work of
coalitions between donation-related entities or may be the result of statewide leg-
islation. There are numerous examples of national initiatives by associations, coa-
litions, congress, private corporations and others. The goal of each is the same,
but the approach is usually varied. Some are designed to improve the consent rate,
some are intended to motivate the public to donate, some are oriented toward
expanding the medical acceptance criteria, and others are focused on improving
the caliber of OPOs and their employees. Unfortunately, the overall success of
these initiatives has not been dramatic, but combining several different approaches
may ultimately yield measurable results.

The first notable initiative was the Uniform Anatomical Gift Act of 1968. This
legislation, which has been adopted in some form by all states, described provi-
sions to allow individuals or their immediate family members to legally give con-
sent to allow their organs to be donated at the time of death. This legislation gave
rise to the development of donor cards. Various campaigns promoting the use of
donor cards have evolved including the placement of an individual’s donation
status on the driver’s license in most states. Additionally, donor cards are available
from many other sources. If appropriately executed, a donor card is considered a
legal document.

Several other initiatives related to consent issues also have been implemented.
The concept of required request was introduced in the 1980s by an ethicist, Arthur
Caplan. This is a process whereby donor hospitals must present the option of
donation to all potential donors in their hospitals. Required request was first at-
tempted at the state level and eventually became a federal statute. There has been
limited success reported with required request. Unfortunately, the definition of
potential donor was left to the donor hospital and, in many cases, the option was
not presented because the hospital prematurely or erroneously deemed an indi-
vidual unsuitable for donation.
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As described above, this concept was taken one step further with CMS regula-
tions requiring hospitals to report all deaths to OPOs and with OPOs being re-
sponsible for determining donor suitability. Failure to comply with these
regulations can cause a hospital to lose its Medicare and Medicaid funding. Al-
though these federal regulations were based on a state law in Pennsylvania that
reportedly resulted in a 40% increase in donation over a three-year period, the
impact on organ donation nationally has been relatively modest. Recently, the
concept of First-Person Consent legislation (also referred to as “Donation by Do-
nor Designation”) has been adopted by many states. First-Person Consent allows
OPOs to recover organs from a person who signed up to be a donor through a
registry or a uniform donor card, without the signature of two witnesses or con-
sent from the next-of-kin.

Perhaps the last consent-related initiative is presumed consent. Although not
currently practiced in the U.S., the premise of presumed consent is that all indi-
viduals are considered organ donors unless there is prior notice of objection to
donation by the individual. The rationale for this thinking is that since public
attitude polls have demonstrated that most people favor donation, it is safe to
assume they are willing to donate unless they give notice to the contrary. This has
been tried in other countries with some success, but there has been substantial
reluctance to legislate it in the United States. Some states have passed limited pre-
sumed consent laws that typically permit donation of eyes or tissues unless there
has been a prior notice of objection. In these situations, eyes and tissues are re-
moved without consent from the next-of-kin. There has been limited success in
increasing the rate of such donations, but there also have been situations where
the family has reacted strongly to the donation that occurred without their consent.

Several local coalitions of OPOs, tissue banks, eye banks, transplant programs,
voluntary health associations and other interested individuals have formed. The
objective of these groups is to improve local donation rates through education
and improved public awareness. There also have been formally organized national
coalitions. The Coalition on Donation, formed in the mid 1990s, is a prominent
national coalition active today. The objective of this group is to establish one uni-
fied national message about organ donation. It has developed donation awareness
campaigns that have been widely utilized by OPOs and transplant programs across
the country. Other national organizations and all OPOs conduct public educa-
tion and donor awareness programs. It is difficult to empirically measure the ef-
fectiveness of these initiatives, but most agree they are very important and will
prove helpful over time.

One of the provisions of the National Organ Transplant Act of 1984 is that
buying or selling human organs is prohibited. However, there is an initiative,
albeit controversial, to increase public participation in donation designed to
induce individuals with financial incentives. These incentives take various forms
with the most direct being a cash payment to the immediate next-of-kin of the
donor. Others are less direct and include proposed payments for funeral expenses,
tax deductions, donations to named charities, life insurance policies, and a plethora
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of other types of compensation. Proponents argue that everyone benefits from
organ transplantation except the donor; therefore the donor’s family should be
reasonably compensated. They also argue that it is logical to think that more people
will be motivated to donate if they are paid than if they are not. Opponents argue
that removing altruism will prey on those in lower socioeconomic positions and
may actually reduce the donor pool. There is also a concern that family members
may be less than forthright about the donor’s medical history when tempted with
compensation for the donation. Public opinion polls and focus groups have dem-
onstrated a lack of enthusiasm for financial incentives, and some individuals have
stated they would not participate for reasons other than altruism. Whether or not
financial incentives would increase donation remains to be seen. However the big-
gest obstacle to financial incentives must be addressed before they can even be
tested. One of the provisions of the National Organ Transplant Act of 1984 is that
buying or selling human organs is prohibited.

A number of medically oriented initiatives have been attempted to increase the
availability of donor organs. For example, in the late 1980s surgeons from Loma
Linda University Medical Center began a series of transplants utilizing organs
recovered from anencephalic infants. As they and others explored this possible
source of donor organs, they encountered a number of obstacles. First, determi-
nation and declaration of brain death in anencephalics does not fit traditional
guidelines. Second, in 1989 the UNOS Board of Directors endorsed a policy de-
veloped by its ethics committee discouraging the use of anencephalic infants as
donors. Third, the results of transplants from anencephalic donors were poor when
compared to organs recovered from traditional organ donors. The use of anen-
cephalic infants as organ donors has become essentially nonexistent in recent years.

One fairly successful approach to increasing the organ supply has been to
broaden the criteria for donor acceptance, but only to the extent that donation
can occur without negatively impacting transplant outcomes. As transplantation
technology has evolved, transplant physicians have discovered that donor organs
that had previously been considered unacceptable are often quite suitable for trans-
plantation. It is not surprising that as donor management and post-transplant
care of the recipient have improved, so has the ability to use organs from “ex-
panded donors” a term coined by transplant professionals in the mid 1990s. There
are many examples of expanded donors, and undoubtedly the list will continue to
grow. Acceptance of organs from older donors, donors with some degree of hy-
pertension, non-heartbeating donors, Hepatitis C positive donors, and other ex-
panded donors all have been used effectively given the appropriate donor/patient
circumstances. Some disagreement remains regarding acceptable donor criteria,
but this approach has received much interest and has been proven effective in
many centers.

Increasing donation by improving the proficiency of procurement personnel
and the performance of OPOs has been an ongoing goal of procurement profes-
sionals. While it may be difficult to quantify the impact of this approach, its effect
can only be positive. After several years of development, the American Board of
Transplant Coordinators (ABTC) conducted its first certification exams in 1988.
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This voluntary certification is designed to measure competency for transplant clini-
cal coordinators and transplant procurement coordinators. A few years later, the
AOPO instituted voluntary accreditation of OPOs. Members of its Accreditation
Committee conduct a site visit with each OPO seeking accreditation. They rigor-
ously scrutinize all aspects of the OPO’s operations and score them against stan-
dards that were developed by the AOPO. Many of the nation’s OPOs have been
accredited by the AOPO, while others are actively pursuing accreditation.

In 1996, the AOPO completed its first financial benchmark process for its par-
ticipating members. This was a comprehensive analysis of OPO finances. The ob-
jective was to provide to each OPO a comparison of the finances of similar OPOs.
National statistics also were made available to participants and presented to mem-
bers of the association at its annual meting. The concept was to share information
that would allow OPOs to determine whether or not they were allocating resources
in a manner that would result in high performance. For example, if a low-per-
forming OPO determines that it allocated a substantially lower percentage of its
resources to marketing than did higher-performing OPOs, it may adjust that allo-
cation accordingly. Simply stated, this is a process that can help to reveal best
financial practices with the hope of improving the overall performance of partici-
pating OPOs.

DISCUSSION

Thousand of patients each year receive organs supplied by the nation’s OPOs.
Without the skill and commitment from the individuals who work in these OPOs,
the number of transplant procedures occurring in the United States would be
greatly diminished. The ability of OPOs to stimulate participation in organ dona-
tion is a key element in meeting the needs of those who are waiting for trans-
plants. This is accomplished through sophisticated marketing and education,
innovative practices, contributing to industry knowledge, relationship building,
and expert public relations.

Many OPOs have developed a high level of expertise in marketing. Most prac-
tice market segmentation and target marketing, and most OPOs expend signifi-
cant resources in this area. OPOs are constantly trying innovative techniques to
improve performance. These range from advancing technology to improving the
workplace environment to developing better techniques for stimulating public
and professional participation in donation. Sharing information about their suc-
cesses with these innovative practices is necessary to contribute to the industry
knowledge base. This allows others to emulate best practices with an objective of
improving overall performance of OPOs throughout the country. As with all suc-
cessful organizations, OPOs have recognized the importance of effective network-
ingat all levels. They spend a great deal of time building relationships in hospitals,
with community leaders, with medical professionals, and among their peers. They
also have focused attention on developing relationships with representatives of
the news media. This helps to ensure fair reporting when negative news stories
about procurement or transplantation arise. Although the transplant community
is endeavoring to educate the public about these issues, the public generally is not
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adequately informed. This situation has added to the mistrust of OPOs and the
donation process. Certainly, these problems will require the continued attention
of OPOs and the entire transplant community.

Organ procurement is a very complicated process, often involving dozens of
people. The primary objective of OPOs is to simplify the process by coordinating
the countless tasks and communicating effectively with everyone involved. The
extent to which OPOs can accomplish this objective will be paramount to the
overall success of transplantation in the United States.
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Procurement and Short-Term
Preservation of Cadaveric Organs

Anthony M. D’Alessandro and James H. Southard

ORGAN DONATION

Improvements in immunosuppression, organ preservation, surgical technique,
as well as long-term recipient management have led to tremendous success
following transplantation. Consequently, more patients than ever before have
benefited from transplantation. Unfortunately, the rate of organ donation has
not kept pace with the ever-increasing recipient waiting lists. Recent United Network
for Organ Sharing (UNOS) statistics reveal that greater than 80,000 patients (Table
5.1) currently await transplantation. For a variety of reasons, some organ procure-
ment organizations (OPOs) have very high organ donation rates while others fall
significantly below average. Likewise, consent for organ donation averages
approximately 60%, although several OPOs have much higher consent rates.
Clearly, much greater emphasis needs to be placed on increasing organ donation.
Organizations such as the Coalition on Organ Donation, the American Society of
Transplant Surgeons (ASTS), UNOS, and the American Association of Organ Pro-
curement Organizations (AOPO) are leading the way in this effort. Still a critical
shortage of organs exists which has resulted in an increase in the use of live donation
and an increase in the use of expanded cadaveric donors. Since criteria for the use
of organs has expanded significantly, any patient who is declared brain dead or
who is being withdrawn from support should be considered as an organ donor.

DETERMINATION OF DEATH

Patients may be declared dead by brain death criteria and by cardiopulmonary
criteria. Currently, the majority of organ donors (98%) are declared dead by brain
death. The definition of brain death was first examined in a report by the Harvard
Medical School in 1968 and guidelines later set for brain death determination in
1981 which led to the “Uniform Determination of Death Act.” These criteria are
shown in Table 5.2.

Brain death occurs when complete and irreversible loss of brain and brain stem
function occurs, which presents clinically as complete apnea, brain stem areflexia,
and cerebral unresponsiveness. In order to evaluate a patient clinically for brain
death, several preconditions must be met. The patient must be on a ventilator in a
coma and have a cause for underlying brain damage. Most cases are caused by
trauma, subarachnoid hemorrhage, cerebral abscess or tumor, meningitis, encephali-
tis, or cerebral hypoxia. Reversible causes of brain stem depression such as
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Table 5.1. National Transplant Waiting List by organ*

Organ Number of Patients
Kidney 53,813

Liver 16,938
Pancreas 1,396
Kidney-Pancreas 2,412
Intestine 177

Heart 3,814
Heart-Lung 196

Lung 3,839
Overall 80,657

*UNOS data, March 2003

Table 5.2. Criteria for brain death

Prerequisite
All appropriate diagnostic and therapeutic procedures have been performed and the
patient’s condition is irreversible.
Criteria (to be present for 30 minutes at least 6 hours after the onset of coma and apnea)
1. Coma
2. Apnea (no spontaneous respirations)
3. Absent cephalic reflexes (pupillary, corneal, oculoauditory, oculovestibular,
oculocephalic, cough, pharyngeal, and swallowing)
Confirmatory test
Absence of cerebral blood flow by radionuclide brain scan

hypothermia and drug intoxication must first be excluded. Trauma patients are
often intoxicated with alcohol. Thus, 8 hours should be allowed to pass if alcohol
use is suspected before a diagnosis of clinical brain death can be made. Patients in
intensive care units may also be under the influence of sedative or paralytic agents.

Clinical testing is relatively straightforward and examines the presence of brain
stem reflexes and the presence of total apnea. Five brain stem reflexes should all be
absent in order to diagnose brain stem death: pupillary response to light, corneal
reflex to touch, vestibulo-ocular reflex using the cold caloric test, the gag reflex,
and the apnea test. The apnea test demonstrates the absence of respiratory drive
to PaCO, greater than 50 mmHg. During apnea, the PaCO, rises by about 2 mmHg/
min; thus, if the starting PaCO, is over 30, the PaCO, will rise to over 50 mmHg in
about 10 minutes. To prevent hypoxia during these 10 minutes, the patient should
be preoxygenated prior to the test. Confirmatory studies, although not necessary,
include serial electroencephalography and radionuclide scan to assess cerebral
perfusion.

Death may also be declared by cardiopulmonary criteria, and in certain
instances, particularly when patients are being withdrawn from support, organ
donation is possible. This type of donation is referred to as donation after cardiac
death (DCD) or non-heart-beating donation. Prior to the Harvard criteria defin-
ing brain death in 1968, all organ donors were DCD donors. Although some warm
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ischemia occurs in these donors, several centers have shown that renal and
extrarenal donation is possible. Recently the Institute of Medicine (IOM) re-
viewed non-heart-beating organ donation, published guidelines, and concluded
that NHBDs are a medically and ethically acceptable source of donor organs. Cur-
rently, NHBDs comprise 2% of organ donors and this percentage will likely in-
crease since the results of transplantation have been shown to be acceptable.

EVALUATION AND SELECTION OF DONORS

OPOs form a vital link between referring donor hospitals and transplant centers
and should be notified as early as possible in order to make the determination of
suitability for organ donation.

Obtaining consent for organ donation is of paramount importance in increasing
organ donation. A caring sensitive approach by trained individuals that have time
to spend with families cannot be overstated. Organ procurement personnel, clergy,
and nursing staff play a vital role in this area. Once consent is obtained, a review
of the patient’s history should focus on the mechanism of death, periods of
hypotension or cardiac arrest, need for vasoactive medications, and previous
surgery. Likewise, the patient’s social history, including alcohol and drug use, should
be known. Generalized infectious diseases are ruled out by obtaining human
immunodeficiency virus (HIV) antigen, anti-HIV-1, anti-HIV-2, human T-cell
lymphotoxic virus (HTLV)-1 and HTLV-2, anti-cytomegalovirus (CMV), anti-
hepatitis C virus (HCV), hepatitis B surface antigen (HBSAg) and hepatitis B core
antibody. Specific organ function is primarily determined by laboratory data, chest
x-ray, electrocardiogram, and echocardiogram.

Since criteria for organ donation are expanding, there are fewer absolute
contraindications to organ donation (Table 5.3). Relative contraindications to organ
donation have increased since many were previously considered to be absolute
contraindications. Table 5.4 should be considered only as a guideline to relative
contraindications since many centers have successfully utilized organs from every
category listed.

As a general rule, hepatitis C positive donors may be used in hepatitis C positive
recipients. Also, as long as hepatic trauma is minimal, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels are decreasing, and
macrovesicular steatosis is < 60%, the liver may be used. Hepatitis B core antibody
positivity is more controversial, but with long-term hepatitis Bimmune globulin
(HBIG) use, transplantation may be indicated depending on the clinical situa-

Table 5.3. Absolute contraindications to cadaveric organ donation

Malignancy outside central nervous system
Prolonged warm ischemia

Long-standing hypertension

Hepatitis B surface antigen

Sepsis

Intravenous drug abuse

Human immunodeficiency virus
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Table 5.4. Relative contraindications to organ donation by organ type

Heart/Lung Liver Pancreas Kidney

Age > 50 Age > 60 Age > 55 Age > 60;<6

High dose inotropes Hepatic trauma Amylase elevation Hypertension

Wall motion AST, ALT elevations  Glucose elevation Diabetes

abnormalities

Chest trauma Hepatitis B core Fatty pancreas ATN (creatinine
antibody =2.5mg/dL)

Abnormal CXR Hepatitis C Hepatitis C Hepatitis C

PaO, < 350 on Steatosis Prolonged warm Prolonged warm

FiO, 1.0 and cold ischemia and cold ischemia

Prolonged cold Prolonged warm

ischemia and cold ischemia

tion. One of the best indicators of whether or not a liver should be used is the
intraoperative assessment of an experienced donor surgeon. This is also true for
pancreas donors since glucose levels may be elevated due to exogenously ad-
ministered glucose and steroids as well as to catecholamine release and insu-
lin resistance from trauma. Likewise, an elevated serum amylase does not always
reflect pancreatic trauma and should not in isolation be used to preclude pancreatic
organ donation. A history of early renal disease, such as mild hypertension and
diabetes, may also be compatible with organ donation. A renal biopsy can be
obtained to assess the degree of pathology, if any, prior to transplantation. Like-
wise, in older donors, if glomerulosclerosis is present, both kidneys may be im-
planted. In children less than 6 years of age, and depending on size, the kidneys can
be implanted separately or en bloc. Although heart and lung donor criteria are
somewhat more restrictive, depending on the potential recipient’s condition, these
criteria can be expanded. Cadaveric heart donors should have a normal chest x-
ray, electrocardiogram, isoenzymes, and echocardiogram. Lung donors should not
have any chest trauma and should have negative sputum cultures and a PaO, =
350 torr on an FiO, of 1.0. Again, examination of the organs by a skilled heart and
lung donor surgeon may be necessary before excluding a potential donor.

Due to the risk of organ dysfunction and failure with increasing cold ischemia
time, preservation times should be minimized to avoid exacerbating the current
donor shortage. Safe acceptable cold ischemic times vary with each organ and, as
a general rule, are as follows: heart/lung 6 hours, liver 12 hours, and pancreas 18
hours. Since delayed renal graft function predicts long-term survival, attempts
should be made to limit preservation times. When kidneys are cold stored, they
should be transplanted within 18-24 hours, and when machine-perfused within
24-30 hours.
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THE EXPANDED DONOR

The expanded donor, previously referred to as the marginal donor, has
assumed a much greater role in transplantation due to the critical shortage of
organs. Prior to the waiting list reaching its current size, ideal donors were primarily
utilized. Ideal donors are young, normotensive, brain-dead donors free of any
disease and with minimal warm ischemia times. Table 5.4, which outlines the rela-
tive contraindications to transplantation may also be viewed as criteria that define
the expanded donor. DCD donors, whether controlled or uncontrolled, should
also be included in the expanded donor pool since warm ischemia times are greater
and there are higher rates of delayed graft function. Likewise, split liver transplan-
tation, where one donor liver is shared between one adult and one child or be-
tween two adults, should also be considered in the expanded donor definition.
However, what is important to consider when utilizing expanded
donors is the risk of a patient dying on the waiting list versus the risk of dying with
transplantation of an organ from an expanded donor. Although graft function may
initially be worse and long-term patient and graft survival less than from organs
transplanted from ideal donors, the risk of dying has been shown to be less than if
the patient continued on the waiting list. As more is learned about the expanded
donor, pharmacologic interventions and changes in preservation, such as machine
perfusion instead of cold storage, may eventually yield results similar to that
obtained from ideal donors.

DONOR RESUSCITATION AND STABILIZATION

Clearly, proficient management of the organ donor before retrieval is of
paramount importance. However, what may be equally important is the expeditious
removal of organs when a donor’s condition is difficult to stabilize. In these
instances, the organs should be removed as quickly as possible to avoid the risk of
the donor having a cardiac arrest or suffering long periods of hypotension.

The hemodynamic management of the donor is of primary importance and
includes maintaining an adequate blood pressure (> 100 mmHg) and urine output
(> 100 mL/hr). Once the donor has been declared brain dead, large volumes of
fluid and plasma expanders may be necessary to resuscitate the donor to achieve
adequate blood pressure and urine output. Hemodynamic monitoring with
a central venous catheter (CVP), arterial line, and sometimes a pulmonary artery
catheter are usually necessary. Care should be exercised to avoid over-hydration
which may cause over-distension of the heart as well as congestion of the lungs
and liver which may later affect the function of these organs. Because of the
hemodynamic instability caused by severe brain injury due to catecholamine
hyperactivity which is followed by hypoactivity, volume alone may not stabilize
the donor. Vasopressor support, usually with dopamine, is adequate to stabilize
the donor. High-dose dopamine in doses up to 15 ug/kg/min has been shown to
be well tolerated. Although vasopressors, such as levarterenol and phenylephrine,
should be avoided since they have a greater propensity to cause organ ischemia,
they may be necessary to maintain an adequate blood pressure. However, attempts
should be made to reduce the dosages by volume resuscitation and the use of
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dopamine. If these more potent alpha receptor vasopressors are necessary, they
should be used with dopamine at renal doses (3-5 ug/kg/min) to mitigate against
splanchnic and renal vasoconstriction.

Usually when urine output is low, volume expansion results in increased urine
output. However, diuretics, such as furosemide and mannitol which generally
should be avoided in organ donors, can be used to increase urine output as long as
there is adequate blood pressure and volume expansion (CVP 12). Many times,
however, the problem in brain-dead donors is massive urine output caused by the
development of diabetes insipidus due to the lack of the antidiuretic hormone,
vasopressin. If urine output exceeds 500 mL/hr, a hypotonic diuresis ensues that
should be replaced with hypotonic infusions. If polyuria persists despite adequate
fluid replacement, vasopressin may be given at a rate of 0.5-2.0 units per hour to
slow diuresis to a more manageable level.

Due to the significant hormonal imbalances seen in brain-dead donors, hormonal
management may help to stabilize donors. There has been some evidence that
administration of intravenous triiodothyronine (T;) and arginine vasopressin
(AVP) may stabilize the brain-dead donor by restoring some of the hormonal
imbalances and circulatory instability. Likewise, brain death may cause varying
degrees of cortisol depression and steroid replacement therapy with hydrocorti-
sone may be indicated. Additionally, due to the loss of thermoregulatory function
with brain death, many organ donors will become hypothermic unless measures
are taken to avoid hypothermia and its sequelae. Hypothermia may lead to car-
diac arrhythmias, myocardial depression and hypotension leading to poor tissue
and organ perfusion. Organ function may also be compromised from decreased
oxygen delivery caused by hypothermia. Infusion of warm fluids and external heat-
ing devices will help reduce hypothermia and its adverse effects. Another com-
mon problem in brain-dead donors is the presence of coagulopathy caused by
tissue thromboplastin release. Coagulopathy, although difficult at times to man-
age, can be treated with administration of packed red blood cells, fresh frozen
plasma, and platelets.

Since many OPOs have recently instituted DCD programs, it is important to
mention some important differences in donor management. DCD donors are not
brain dead due to preservation of brainstem reflexes, but usually have severe neu-
rologic injury from which they will not recover. The decision to withdraw support
has been made by the primary physician and family before notification of the
OPO. These donors tend to be hemodynamically more stable with fewer vaso-
pressor requirements than brain-dead donors. The withdrawal of support may
occur either in the intensive care unit (ICU) setting, where the patient expires and
is conveyed to the operating room, or alternatively in the operating room. In ei-
ther instance, the patient must be pronounced dead by a physician not affiliated
with the transplant team. The patients should be fully supported until withdrawal
of support is initiated. The administration of vasodilators and anticoagulants at
the time of support withdrawal may be given on a case-by-case basis in accor-
dance with IOM guidelines. Likewise, an additional period of 5 minutes must
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elapse after death is pronounced before initiating organ retrieval. Because of the
presence of brainstem reflexes, the family must be informed that if the patient
continues to have spontaneous respirations beyond a certain period of time (usu-
ally > 1 hr), the patient will be returned to the ward or ICU to expire without
organ retrieval. Although organs can be transplanted with up to 1 hour of warm
ischemia with good results, warm ischemic times of greater than 1 hour will likely
result in less than optimal organ function.

COORDINATION OF MULTIORGAN RETRIEVAL

OPOs serve several vital functions in the organ procurement process including
donor referrals, donor family request and consent, and donor management.
Additionally, OPOs coordinate the donation process once consent is obtained.
Since the majority of organ donations are multiorgan, OPOs must coordinate
assessment of each organ system as well as assessing donor history, laboratory
values, including ABO type and tissue type, and any noninvasive testing. If an
OPO serves one transplant center, coordination is easier since communication is
facilitated among the different transplant teams. However, most OPOs serve more
than one center and organ placement and team coordination is logistically more
challenging. It is not unusual to have several teams present at an organ procure-
ment including teams for the heart, lungs, liver, pancreas, kidneys, and small bowel
as well as teams for tissue donation. Communication is extremely important in
facilitating organ procurement in such a way that donor hospitals remain
committed to organ donation in their communities. Since most of the techniques
for organ procurement are fairly standard with minor center variation in techniques,
early communication between teams via the OPO will also help to facilitate a
smooth recovery. As a general rule, after the donor is brought to the operating
room, dissection of the heart and lungs is followed by dissection of the liver and
pancreas, small bowel, and kidneys. Removal of organs usually follows the same
sequence as the dissection of the specific organs. Alternatively, all intraabdominal
organs may be removed en bloc without in situ dissection of the individual
organs. This technique is mandatory in organ retrieval from DCDs. Eye, bone,
and tissue donation follows removal of all solid organs.

OPOs also serve a vital postrecovery function at donor hospitals by providing
feedback on the ultimate placement and transplantation of the organs retrieved.
Also, continued community visibility of the OPO and transplant centers through
educational programs will help to maintain and increase organ donation so that
more patients will ultimately undergo transplantation. Likewise, donor and
recipient families, by interfacing with their communities, can have a profound
effect on helping to increase awareness and, ultimately, organ donation.

SURGICAL TECHNIQUES OF ORGAN PROCUREMENT

Since most organ procurements involve several organ systems, these combined
multiorgan procurements will be described. Once the patient is conveyed to the
operating room, prepped and draped, a long incision from the suprasternal notch
to the pubis is made. The sternum is split and the cardiac team will open the
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pericardium, inspect the heart and encircle the superior vena cava, suprahepatic
vena cava, and the aorta. The pleural spaces will also be opened and the lungs
inspected if being considered for transplantation.

The intraabdominal portion of the organ procurement commences once the
heart team has inspected the heart and lungs. It is important to note that as organ
procurement has evolved, less dissection has been shown to be advantageous since
it reduces vasospasm, warm ischemia, and decreases the length of operation and
donor instability. Liver dissection is performed first and usually involves encircling
the supraceliac aorta, dividing the common bile duct, gastroduodenal
artery, and encircling the portal vein. If the pancreas is being used by a center
other than the liver center, dissection of the entire celiac artery to the aorta may be
performed with the left gastric and phrenic arteries being ligated and the splenic
artery encircled. However, prior to ligating the left gastric artery, the donor surgeon
must be sure the left hepatic artery does not arise from the left gastric artery. This
arterial anomaly is seen in 15% of cases and is visualized in the gastrohepatic
omentum. Another hepatic arterial anomaly is the presence of a right hepatic
artery arising from the superior mesenteric artery (SMA). This occurs in
approximately 10% of cases and can be palpated posterior to the portal vein and
common bile duct. Both hepatic arterial anomalies are compatible with hepatic
and pancreatic procurement in all cases. Several techniques of vascular
reconstruction are available and usually require the use of donor iliac artery grafts.

A new technique of liver procurement involves in situ donor liver splitting for two
recipients. Although some centers perform ex vivo liver splitting, in situ splitting
may be associated with less bleeding and fewer biliary complications after
transplantation. However, a major disadvantage of in situ liver splitting is the ad-
ditional 1-2 hours required to perform the procedure.

Pancreas dissection involves a Kocher maneuver to mobilize the duodenum as
well as dissection of the posterior pancreas to the level of the inferior mesenteric
vein (IMV) which is ligated. The first portion of the duodenum and the small
bowel just distal to the ligament of Treitz are stapled and the mesenteric vessels
are ligated. If the intestine is being recovered for transplantation, the SMA and
superior mesenteric vein (SMV) are dissected but not ligated. Also, since the liver
and intestine are both transplanted in some patients with short bowel syndrome,
the liver, pancreas, and intestine are recovered en bloc without dissection. The
pancreas is usually transplanted with the liver and intestine in order to keep the
donor porta hepatis intact.

Renal dissection should be minimal and limited to identification and division
of the distal ureters. Dissection of the renal arteries and veins as well as mobilization
of the kidney should be done only after the intraabdominal organs are infused
with preservation solution. This minimal dissection technique helps to limit renal
artery vasospasm and subsequent delayed graft function.

Once preparation of each organ to be retrieved is complete, the patient is given
20,000-30,000 units of heparin followed by cannulation of the distal aorta with a
chest tube for eventual administration of preservation solution. Also, just prior to
organ retrieval, some teams will administer an o-adrenergic antagonist, such as
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phentolamine, to prevent vasospasm and to ensure more uniform flushout of the
intraabdominal organs. Likewise, the heart/lung team may administer prostacyclin,
also a vasodilator, during the procurement. Once the SVC is occluded, the aorta is
clamped just proximal to the innominate artery, cardioplegic solution infused, and
the caval atrial junction at the level of the diaphragm incised. At the same time,
infusion of 1-2 liters of University of Wisconsin (UW) solution is begun via the
aortic cannula. The portal vein is then incised, cannulated, and infused with 1 liter of
UW solution. Once the heart or heart-lung block is removed, the liver and pancreas
are removed followed by removal of the kidneys either en bloc or separately accord-
ing to the retrieval team preference. Figure 5.1 depicts the appearance of the liver,
pancreas, and kidneys after dissection as well as placement of aortic and portal vein
cannulas just prior to removal. After removal, the liver and pancreas are flushed with
an additional 200-300 cc UW solution via the SMA, celiac artery, and portal vein and
stored in sterile plastic bags on ice at 4°C. If the liver and pancreas are being used at
different centers, they are separated and stored separately prior to transport.

Fig. 5.1. Cadaver donor
multi-organ retrieval.
Reprinted with permis-
sion requested from:
Sollinger HW, Odorico
JS, D’Alessandro AM et
al. Transplantation. In:
Schwartz SI, ed. Prin-
ciples of Surgery, ed. 7.
New York, McGraw-Hill,
1998:361-439.

Cannulated

Ligated
SMA, SMV
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The kidneys, if removed en bloc, are usually separated by dividing the vena cava
and aorta longitudinally. This will allow identification of multiple renal
arteries from within the aorta without risk of injury. If the kidneys are to be
machine perfused instead of cold stored, they may be cannulated en bloc if multiple
renal arteries are present or individually if single arteries are present bilaterally.
En bloc perfusion requires ligating all lumbar arteries, suturing the proximal aorta,
and cannulating the distal aorta. Again, the kidneys are flushed with additional
UW solution, placed in sterile plastic bags, and placed on ice at 4°C.

An alternative, rapid en bloc technique of organ retrieval may be used with
DCD donors or in donors who have become hemodynamically unstable or who
have had cardiac arrest (Fig. 5.2). This technique involves cannulating the femo-
ral artery and vein or the distal aorta and vena cava, clamping the thoracic aorta, and
dividing the esophagus, sigmoid colon, and ureters. While flushing the femoral
artery or aorta with UW solution, all intraabdominal organs are removed en bloc
by dissecting retroperitoneally starting at the level of the diaphragm and ending
at the distal aorta and vena cava which are divided. The portal vein is flushed

Fig. 5.2. Rapid en bloc
retrieval of all intra-
abdominal organs.
Reprinted with per-
mission requested
from: D’Alessandro
AM, Hoffmann RM,
Knechtle SJ et al. Suc-
cessful extrarenal
transplantation from
non-heart-beating
donors. Transplanta-
tion 1995;59:977-982.
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via the superior mesenteric vein on the back table (inset Fig. 5.2), and the aorta
is incised and each orifice flushed with additional UW solution. If the liver and
intestine are to be used for transplant, the aorta should not be divided since it may
be used as a conduit with both the celiac and SMA attached. The organs may be
separated at the donor hospital, or alternatively, stored in plastic bags at 4°C and
separated upon return to the transplant center.

SAFE TRANSPORT OF ORGANS

Since organs may be transported from one center to another, uniform packaging
and storage is essential to ensure all organs are able to be transplanted upon reaching
their destination. All organs must be placed in triple sterile plastic bags as well as
a rigid container and placed on ice in a 1-1!/," thick polystyrene container. All
containers must be labeled, donor paperwork included, and an additional red top
tube of blood sent to the receiving center. Depending on the organ and distance to
be traveled, transportation may be by ground, commercial flight, or chartered jet.
If the organs retrieved are not being sent to other centers, they may be safely stored
in triple sterile bags on ice in insulated coolers. The outer container must be
moisture resistant and clearly marked with a UNOS donor identification
number and a biologic hazard designation label.

SHORT-TERM ORGAN PRESERVATION

INJURY DURING PRESERVATION

Preservation of organs after retrieval is clearly one of the cornerstones of
successful transplantation. Although organs vary in their tolerance to cold
ischemia, injury to numerous cellular systems begins to occur immediately upon
removal. Hypothermia suppresses, to a degree, these changes, but injury during
hypothermia still occurs but at a slower rate. Since hypothermic-induced
cell swelling is a major source of injury during preservation, most organ preser-
vation solutions are formulated to prevent swelling at cold temperatures. The
addition of impermeants such as gluconate, lactobionate, and saccharides such as
raffinose, help prevent hypothermic-induced cellular swelling.

Several other phenomena have also been implicated in cell injury during
preservation and have been studied extensively. Numerous cellular functions
including maintenance of the cellular cytoskeleton requires energy in the form of
adenosine triphosphate (ATP). Loss of energy-generating capabilities due to
mitochondrial damage or loss of precursors will lead to irreversible cell injury and
death upon reperfusion. This concept forms the basis for adding ATP precursors in
the form of adenine, adenosine, and ribose to organ preservation solutions. Oxygen-
free radical formation after reperfusion has also been implicated in cellular injury
during preservation. Suppression of free-radical formation or the addition of free-
radical scavengers such as allopurinol, may be beneficial in preservation solutions.
Likewise, breakdown of cellular metabolites, such as glycogen and glutathione,
may lead to injury and addition of these metabolites may be important in successful
organ preservation. Also, activation of catabolic enzymes such as phospholipases
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and proteases and activation of the arachidonic cascade will lead to cell injury and
methods to block their activation may lead to better organ preservation.

CLINICAL ORGAN PRESERVATION

The goals of organ preservation are to maximize organ utilization and maintain
excellent organ function while providing safe transport time as well as time for
recipient preparation. Currently, the UW solution is primarily used for preservation
of intraabdominal organs. Although this solution is used by some centers for heart
and lung preservation, many other solutions are also utilized. The components of
the UW solution are shown in Table 5.5.

RENAL PRESERVATION

Currently, there are two methods of preserving kidneys for transplantation:
static cold storage or continuous machine perfusion. The majority of centers use
cold storage due to simplicity but experience a higher rate of delayed graft function
(DGF) than with machine perfusion. Although previously not thought to be
important, early DGF appears to predict long-term graft survival. Also, with more
expanded donors being utilized, including DCD donors, continuous machine per-
fusion may be beneficial in preserving organ function. The machine perfusion
solution is similar to UW cold storage solution except that lactobionate is replaced
by gluconate. As a general rule, cold-stored kidneys should be implanted within
18-24 hours and machine-perfused kidneys within 24-30 hours of removal.

PANCREAS PRESERVATION

The UW solution has been used safely to preserve the pancreas on average 16
hours. Although attempts have been made to perfuse the pancreas experimentally, it
has not been met with much success. Interestingly, the pancreas clinically appears
to tolerate periods of cold ischemia better than the liver.

LIVER PRESERVATION

Liver function and success after transplantation is dependent not only on
donor and recipient factors, but also on good preservation. Preservation of the
liver not only involves preservation of the parenchyma, but also preservation of
the biliary epithelium, as well as the vascular endothelium, particularly the
endothelium of the hepatic artery. Prior to the development of UW solution,

Table 5.5. Components of the University of Wisconsin (UW) Solution

Lactobionate (K) 100 mmol/L
KH,PO, 25 mmol/L
Glutathione 3 mmol/L
Adenosine 5 mmol/L
MgSO, 5 mmol/L
Allopurinol 1 mmol/L
Raffinose 30 mmol/L
HES 5g/dL

mOsm/L = 320; pH =7.4
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liver preservation was limited to approximately 6 hours. After the clinical
introduction of UW solution, it was believed that extended preservation beyond
12 hours was safe. However, it became apparent that rates of primary nonfunction,
biliary complications, and hepatic artery thrombosis increased as preservation
time increased. Also, preservation injury may lead to increased rates of rejection
via upregulation of MHC class I and II antigens, which in turn may lead to graft
loss. Although preservation beyond 12 hours can be achieved, rates of primary
nonfunction and initial poor function are increased. For this reason, most trans-
plant centers attempt to limit preservation of the liver to 12 hours or less. In an era
of donor shortages, every effort should be made to minimize retransplant rates
and this can be achieved by minimizing cold ischemia times. Longer term
preservation may only be achieved by machine perfusion which has been
shown experimentally to be more successful than cold storage.

HEART AND LUNG PRESERVATION

Although a variety of preservation solutions have been developed for heart
and lung preservation, preservation of the intrathoracic organs is still limited to
4-6 hours.

STRATEGIES TO MINIMIZE ISCHEMIC DAMAGE

The use of expanded donors including DCDs where periods of hypotension,
hypoxia, and warm ischemia are encountered has provided us with opportunities
to examine limits and develop strategies to help minimize damage. Although any
period of warm ischemia had previously been thought to be inconsistent with organ
donation, most organs will tolerate short periods of warm ischemia. Clinical
experience with DCDs indicates that the kidneys, liver, pancreas and the lung will
tolerate 30-60 minutes of warm ischemia and will still function adequately after
transplantation. Administration of anticoagulation with heparin will help
prevent small vessel occlusion and administration of pharmacologic agents, such
as phentolamine, will help prevent vasospasm and enhance better flush and
preservation of donor organs. Administration of nitric oxide precursors, such as
L-arginine and nitroglycerin, either to donors or to preservation solutions has
been shown experimentally to mitigate warm ischemic damage. Evidence is mount-
ing supporting continuous machine perfusion of kidneys retrieved from expanded
or DCDs. Warm ischemic damage can be limited and perhaps improved during cold
preservation by continuously supplying substrates for repair and
energy production upon reperfusion. Delayed graft function in machine-perfused
kidneys retrieved from DCDs has been shown to be similar to DGF rates in cold-
stored kidneys retrieved from ideal donors. Interestingly, brain death itself has
been shown to have a detrimental effect on organ function after transplantation. In
addition to the marked hormonal imbalances that occur with brain death,
organ injury may occur by activating T lymphocytes and the inflammatory
response via cytokine release. This response and subsequent organ injury has been
shown experimentally to be abrogated by administration of agents that block T-cell
costimulation. Since hypothermia-induced cell injury increases with increasing
cold ischemia time, preservation times should be minimized, particularly in
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expanded donors. Likewise, in clinical transplantation, one of the only factors
that can be controlled is preservation time and this should be minimized to prevent
wastage of organs.

CONCLUSION

Transplantation has become the treatment of choice for patients with end-stage
organ failure. Results have improved due to refinements in surgical technique,
immunosuppression, preservation, and patient management. Unfortunately,
organ donation has not kept pace with the ever-increasing demand for
transplantation. Although the techniques described in this chapter on organ pro-
curement and preservation are important, they cannot be applied without the
generous gift of organ donation. This is also true for nearly every other advance
made in clinical transplantation. Therefore, increasing the number of patients
who receive the gift of life through increased organ donation must now be our
highest priority.
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INTRODUCTION

Kidney transplantation should be strongly considered for all medically suitable
patients with chronic and end-stage renal disease. A successful kidney transplant
saves lives and greatly enhances quality of life."* Hundreds of thousands of pa-
tients worldwide have received a kidney transplant since the mid-1950’s. Currently,
in the U.S., there are over 100,000 persons living with a functioning kidney trans-
plant. This number represents only a fraction of the nearly 400,000 persons en-
rolled in the U.S. end-stage renal disease (ESRD) program. Figure 6.1 illustrates
the number of ESRD patients on either dialysis therapy or living with a functional
kidney transplant according to age. The median age of a transplant patient is 40
years and that of a patient on dialysis 64 years.

Interestingly, for ESRD patients living in Canada, United Kingdom, Australia,
and Sweden the transplantation rates all exceed 50%. The international disparity
in renal transplant rates is due, in large part, to the differential degree of access to
dialysis therapy and transplantation in the various countries. In 1973, the U.S.
Congress enacted Medicare entitlement for the treatment of end-stage renal dis-
ease to provide equal access to dialysis and transplantation for all ESRD patients
in the Social Security system by decreasing the financial barrier to care. At the
time, this was a major step forward in improving the quality of care of the patient
with failing kidneys.

Today, access to transplantation is primarily obstructed by the donor organ
shortage. Unfortunately, only a minority of patients that could benefit from a
kidney transplant ever receive one. Figure 6.2 illustrates, by year, the growing size
of the waiting list, the number of kidney transplants performed, and the relatively
stagnant number of cadaver organ donors per year.? In 2003, approximately 55,000
persons were awaiting kidney transplantation. In 2002, only 14,728 kidney trans-
plants were performed — 8,493 cadaveric and 6,235 living donor transplants.

The annual number of kidney transplants has doubled over the past 18 years.
Growth has been largely due to an increase in living donation. At the current pace,
the number of living donor kidney transplants will soon exceed cadaveric trans-
plants. Already the number of living donors exceeds cadaveric donors. The grow-
ing popularity of living kidney transplantation is due, in part, to the recognition
that waiting for a cadaveric kidney is a slow process. Waiting times of 4-5 years
are not uncommon. It is also widely appreciated that recipients of living donor

Organ Transplantation, 2nd edition, edited by Frank P. Stuart, Michael M. Abecassis
and Dixon B. Kaufman. ©2003 Landes Bioscience.
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Fig. 6.1. The number of patients on either dialysis therapy or living with a functional
kidney transplant enrolled in the U.S. end-stage renal disease program in 2000 according
to age.

kidney transplants enjoy outcomes that are superior to those receiving cadaveric
transplants. Finally, improvements in the surgical technique using minimally in-
vasive laparoscopic techniques have reduced the reluctance of persons willing to
be a living donor.

Cadaveric organs are considered a scarce national resource. The judicious use
of cadaveric organs to provide meaningful results for the greatest number of ill
patients, without introducing racial bias or inhibiting access, are the underpin-
ning principles of the methodology of cadaveric kidney allocation. Table 6.1 out-
lines some of the important determinants of the United Network for Organ Sharing
(UNOS) cadaver kidney allocation system. The main determinants of kidney al-
location include several recipient-specific variables (blood type, degree of sensiti-
zation to HLA antigens, pediatric, and donation status), donor variables (HLA
matching, expanded criteria status), and accrued waiting time.

It is not a requisite that a patient with renal disease spend time on dialysis to be
eligible for a transplant. In fact, outcomes of kidney transplantation are adversely
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Fig. 6.2. The number of patients in the U.S. waiting for a kidney transplant, receiving a
kidney transplant, and the number of cadaver organ donors per year.

affected by prolonged waiting time on dialysis therapy. Therefore, patients early
in the course of renal disease need information about, and access to transplanta-
tion services. One of the first steps is for the primary care physician or nephrolo-
gist to orient the patient to the transplant process. This can occur with that physician
or through a referral to the transplant center. Ultimately the evaluation and deter-
mination of transplant candidacy occurs at the transplant center.

THE EVALUATION OF CANDIDATES FOR KIDNEY

TRANSPLANTATION

Candidates for renal transplantation undergo an extensive evaluation to iden-
tify important medical and psychosocial factors that may have an adverse effect
on outcome.* A thorough evaluation will identify potential pertinent health, so-
cial, and financial impediments to a successful transplant that can be solved prior
to the procedure. Virtually all transplant programs have a formal committee that
meets regularly to discuss the results of evaluation and select suitable candidates
for immediate living donor transplantation, or to place on the cadaveric waiting
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Table 6.1.  UNOS cadaver kidney allocation system

=W N =

. Blood type O kidneys transplanted only into blood type O recipients

. Sharing of zero antigen mismatched kidneys

. Sharing of zero antigen mismatched kidneys to combined K-P candidate
. Geographic sequence of cadaveric kidney allocation

A. Local allocation
B. Regional allocation
C. National allocation

. Double kidney allocation: kidneys offered singly unless the donor meets at least two

of the following conditions:

A. Donor age >60 years

B. Estimated Cr CI<65 ml/min

C. Rising serum Cr >2.5 mg%

D. Adverse donor kidney histology (moderate to severe glomerulosclerosis)

. Expanded criteria donor kidney allocation. Expanded criteria donors are defined by

an “X” in the matrix shown below indicating increased relative risk of graft failure
based upon the following factors: age, creatinine, CVA, and hypertension.

Donor Condition

CVA + HTN + Creat > 1.5
CVA + HTN

CVA + Creat > 1.5

HTN + Creat > 1.5

CVA

HTN

Creatinine > 1.5

None of the above

Age 50-59 Age = 60

el el

AR KRR KK

X=Expanded Criteria Donor; CVA=CVA was cause of death; HTN=history of
hypertension at any time; Creat > 1.5 = creatinine > 1.5 mg/dl

7.

The point system for kidney allocation:
A. Waiting time: (points given when creatinine clearance or calculated GFR £ 20ml/
min or initiation of dialysis)
1 point assigned to the candidate with the longest waiting time; fractions of points
assigned to all other patients;
1 additional point assigned for each full year of waiting time
B. Quality of match:
2 points if there are no DR mismatches
1 point if there is 1 DR mismatch
0 points if there are 2 DR mismatches
C. Panel reactive antibody:
4 points: highly sensitized (PRA = 80% recipients with preliminary negative
crossmatch)
D. Pediatric patients:
4 points: candidates <11 years old
3 points: candidates 11 to 18 years old
E. Donation status:
4 points: transplant candidate who has donated for transplantation within the U.S.
F. Medical urgency
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list. The majority of programs perform the evaluation in the outpatient setting
and possess a relatively uniform approach to the diagnosis and treatment of the
pertinent medical and psychosocial issues affecting candidacy. The absolute and
relative contraindications for listing a patient for kidney transplantation, or for
proceeding with transplantation at the final inpatient evaluation, are outlined in
Table 6.2.

A. PRE-EXISTING MORBIDITIES OF THE TRANSPLANT CANDIDATE

WITH ADVANCED RENAL DISEASE

Patients being evaluated for kidney transplantation have advanced renal dis-
ease or renal failure. The scope of the conceivable organ system abnormalities
affecting the patients must be appreciated in order to anticipate potential medical
problems that may jeopardize the performance of a successful transplant.

Hematologic abnormalities such as anemia and platelet/hemostatic dysfunc-
tion are well recognized. The development and extensive use of recombinant hu-
man erthyropoietin has dramatically improved treatment of anemia. The use of
red blood cell transfusion therapy is now unusual. However, if this has occurred,
the patient is at high risk of becoming sensitized by developing anti-HLA Class I
cytotoxic antibody. Bleeding disorders are recognized as serious abnormalities in
patients with renal insufficiency. Dysfunction of the coagulation cascade, platelet
function, and vascular endothelium contribute to the bleeding abnormalities. Aug-
menting the problem is the use of heparin during hemodialysis, and anti-platelet
agents and coumadin to prevent vascular access thrombosis. Conversely, some
patients are hypercoagulable, being discovered during work-up for arteriovenous
graft thrombotic problems. This has important implications for planning the trans-
plant procedure.

Upper and lower gastrointestinal track abnormalities are very common. In the
upper gastrointestinal track there is a high frequency of gastritis and hemorrhage
in ESRD patients undergoing hemodialysis. There is also an increase in mortality
related to bleeding due, in part, to the bleeding abnormalities described above.
Common lower gastrointestinal abnormalities in uremic patients include: diver-
ticulosis, diverticulitis, spontaneous colonic perforation, and prolonged adynamic
ileus (pseudo-obstruction). In patients with polycystic kidney disease, the frequency

Table 6.2. Contraindications to kidney transplantation

Reversible renal disease

Recent malignancy

Active infection

Chronic untreated infection
Active glomerulonephritis
Advanced forms of major extrarenal complications (coronary artery disease)
Life expectancy of less than 1 year
Sensitization to donor tissue

. Noncompliance

10. Active substance abuse

11. Uncontrolled psychiatric disorders

VRN BN
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of diverticulosis and diverticulitis is greatly increased over the normal popula-
tion. The use of aluminum hydroxide, calcium carbonate, analgesic narcotics, and
limited fluid intake in the uremic patient may contribute to the development of
these colonic disorders.

Hepatic abnormalities as diagnosed by unexpected abnormal liver function tests
are often seen in ESRD patients undergoing hemodialysis. Viral hepatitis is the
most common etiology in long-term dialysis patients, especially if multiple trans-
fusions of blood products have been required. Most patients are asymptomatic.
The prevalence of hepatitis B induced liver dysfunction is approximately 1-2%
among dialysis patients. Detection of HB,Ag in patients with abnormal liver func-
tion tests is consistent with this diagnosis. The emphasis on PCR methodology to
detect hepatitis B virus DNA is indicating that hepatitis B may be more prevalent
than was previously appreciated. Hepatitis C is even more prevalent. The second-
generation hepatitis C virus antibody test and PCR are redefining the prevalence
of HCV positivity in dialysis units. A conservative estimate is that 10-15% of pa-
tients are hepatitis C virus positive. Fortunately, hepatitis C virus does not usually
lead to cirrhosis of the liver. However, the natural history of progression of liver
disease in the immunosuppressed transplant patient is poorly characterized. Other
factors, such as drug toxicity and alcohol use, may contribute to liver dysfunction,
often present in combination with the viral hepatidities. The physical finding of
hepatomegaly does not usually indicate primary liver disease. This physical find-
ing is consistent with chronic passive liver congestion associated with fluid over-
load or cardiac disease.

The cardiovascular system is profoundly affected in patients with chronic or
end-stage renal failure. Uremic patients typically have multiple cardiovascular
abnormalities. Patients undergoing hemodialysis have a cardiovascular mortality
rate approximately 3 times that of nonuremic patients, and the diabetic, uremic
patient has a cardiovascular mortality rate 30 times that of nonuremic patients.
The increased mortality is related to atherosclerotic heart disease with myocardial
infarction, congestive heart failure, and left ventricular hypertrophy. The increased
frequency of coronary artery disease in long-term dialysis patients is multifacto-
rial involving several risk factors: hypertension, hyperlipidemia, and diabetes. Other
provocateurs in the development of coronary artery disease include an increase in
cardiac output due to AV fistulas/grafts and anemia. The dialysis patient is also at
risk for the development of endocarditis because of AV fistula/grafts, peritoneal
catheters, and use of central venous dialysis catheters. Uremic toxins may cause
myocarditis or cardiomyopathy. The dysrhythmias are frequent because of the
effects of hyperkalemia on the cardiac myocardium, as well as the electrolyte, osmo-
lar, and volume shifts that occur with the dialysis procedure. Pericardial effusion
with tamponade, and pericarditis may contribute to the enhanced cardiovascu-
lar morbidity and mortality rates in the renal failure patient, as well.

Hypertension is the most important risk factor for the development of car-
diovascular disease in the chronic renal failure patient. Hypertension occurs in
60-70% of patients requiring dialysis. It is due primarily to chronic volume ex-
pansion. In most patients, hypertension is successfully treated with antihyperten-



Kidney Transplantation 113

sive medications. However, the quality of treatment may be inconsistent, leading
to development of left ventricular hypertrophy and coronary artery disease. Not
infrequently, dialysis patients are undergoing coronary artery bypass. This therapy
is leading to increased survival and should not preclude a patient from being con-
sidered for renal transplantation.

Significant abnormal pulmonary function is unusual in patients with end-stage
renal disease. However, alteration in pulmonary capillary permeability resulting
in pulmonary edema at atrial pressures lower than in healthy persons has been
described in uremic patients. Pulmonary edema and pleural effusions are more
frequent also because of increased total body fluid. These and the additive prob-
lems caused by cigarette smoking may, in some cases, be significant. In general,
dialysis patients have few symptoms related to the pulmonary system with the
exception of occasional pulmonary edema.

There is a high frequency of bone and joint disease in dialysis patients. Hemo-
dialysis patients generally have low calcium levels, high phosphorus concentra-
tions, and elevated serum PTH levels. The degree of bone disease depends on the
duration of renal failure and the diligence in which the bone disease is addressed.

B. PRETRANSPLANT EVALUATION

The pertinent components of a complete pretransplant recipient medical evalu-
ation are outlined in Table 6.3. The emphasis of the evaluation should be to iden-
tify and treat all coexisting medical problems that may increase the morbidity and
mortality rates of the surgical procedure and adversely impact on the posttransplant
course. In addition to a thorough medical evaluation, the social issues of the pa-
tient should be evaluated to determine conditions that may jeopardize the out-
come of transplantation such as financial and travel restraints and a pattern of
noncompliance.

1. History of Renal Disease

There is a diverse array of diseases that destroy renal function afflicting the
newborn to the aged. The overall rate of end-stage renal disease is approximately
750 persons/million population. Table 6.4 depicts the most common etiologies of
renal disease leading to kidney transplantation.’ It is important to understand the
etiology of renal disease, since the primary renal pathology may influence out-
come based on the propensity for recurrence of disease and the association of co-
morbidities. For example, patients with autosomal dominant polycystic kidney
disease may have other medical problems such as intracerebral aneurysm and di-
verticulosis. Patients with SLE nephritis may have a lupus anticoagulant. Other
valuable pieces of information derived from the history would include the clinical
course on dialysis with respect to the need for blood transfusions, the occurrence
of thrombotic problems with AV grafts/fistulas and control venous dialysis cath-
eters, and the infection rate from peritoneal dialysis catheters (peritonitis) and
central venous catheters. Noting the amount of urine production daily is helpful
in assessing the early function of kidney allograft. A history of previous kidney
transplantation is important for obtaining insight into risk of rejection, infection,
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Table 6.3. Pretransplant recipient medical evaluation

1.

NN

10.

11.

12.

13.

14.

History

. Etiology of renal disease

Dialysis status

. Urine production

. Urologic problems
Previous transplant, including complications after transplant
Blood transfusions

. Allergies

OmEEgO® >

. Review of Systems
. Past Medical/Surgical History
. Physical Examination

A. Vital signs, height, weight

B. Abdominal pain, previous abdominal surgery, heme positive stool
C. Vascular: carotid bruit, peripheral pulses

D. Infection

. Gynecologic evaluation (Pap smear)

. Mammography (family history of, > 40years of age)
. Dental Evaluation

. Laboratory Studies

A. Complete blood count, blood chemistries (including calcium, phosphorous,
magnesium) liver function tests, coagulation profile, PTH level

B. Infectious profile: CMV serologies (IgM/IgG) Epstein-Barr virus serologies (IgM/
IgG), varicella-zoster serologies, Hepatitis B and C serologies, HIV, RPR (syphilis),
PPD (Tuberculosis skin test with anergy panel when indicated)

C. Urinalysis, urine culture, and cytospin

D. Immunological profile, blood type (ABO), panel reactive antibody (PRA), HLA

typing

. Chest x-ray (PA and lateral)

EKG (12 lead)

Special procedures in selected patients

. Upper GI endoscopy

Colonoscopy

. Gallbladder ultrasound

. Ultrasound of native kidneys
Peripheral arterial Doppler studies
Pulmonary function tests

. Abdominal x-ray

. Carotid Duplex study

Complete cardiac work-up

A. Electrocardiogram

B. Exercise/dipyridamole thallium scintigraphy

C. 2D-echocardiography with Doppler (+/- dobutamine)

D. Coronary arteriogram (if indicated)

Urologic assessment (in select patients)

A. Voiding cystourethrogram

B. Urodynamic pressure-flow studies

C. Cystoscopy

Psychosocial evaluation

TOTHmOO®W>
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Table 6.4. Most common causes of renal failure in year 2000

Diagnosis Number of Cases Percent of Cases
Hypertensive Nephrosclerosis 1,997 14.2%
Diabetes, Type II 1,836 13.1%
Retransplant/Graft Failure 1,696 12.0%
Polycystic Kidneys 1,207 8.6%
Diabetes, Type I 903 6.4%
Chronic Glomerulonephritis 662 4.7%
Malignant Hypertension 578 4.1%
IgA Nephropathy 566 4.0%
Focal Glomerularsclerosis 502 3.9%
Systemic Lupus Erythematosus 363 2.6%
Membranous Glomerulonephritis 271 2.0%
Focal Segmental Glomerulosclerosis 269 1.9%
Chronic Pyelonephritis/Reflux 248 1.8%
Other 1,028 7.3%

and compliance. Identification of drug allergies has obvious implications, espe-
cially with respect to perioperative and chronic postoperative antibiotic use. A
review of medications should discern those that may interfere with the action of
the immunosuppressive agents.

2. Review of Systems

The review of systems should focus on the medical issues pertinent to deter-
mining the candidacy or the need for additional selected interventional studies to
complete the medical work-up. Gastrointestinal and hepatico-pancreatico-biliary
diseases including gastroparesis, gastritis, peptic ulcer disease, cholecystitis, hepa-
titis, pancreatitis, diverticulitis, may lead to the need for upper and/or lower GI
endoscopy, gallbladder ultrasound, liver biopsy, and other diagnostic studies. Car-
diopulmonary issues including a history of angina, myocardial infarction, peri-
carditis, valvular disease, congestive heart failure, COPD will determine the
necessary degree of imaging and interventional studies such as echocardiography,
thallium scintigraphy, coronary angiography, and pulmonary function testing.
Urologic issues related to recurrent urinary tract infection and other symptoms
of bladder dysfunction may lead to studies such as a voiding cystourethrogram.
Previously treated cancer has implications for the duration of time that should
pass following curative therapy before transplantation occurs. In general, a two-
year disease-free interval is necessary. This also has relevance to the screening pro-
cess to detect occult recurrent malignancy. An infectious disease profile including
exposure to tuberculosis and the possible need for immunizations for hepatitis B,
pneumococcus, and influenza guide the work-up. Neurological problems such as
stoke or transient ischemic attacks may lead to carotid duplex studies, head CT or
MRI, and cerebral angiography. Patients with polycystic kidney disease may re-
quire cerebral imaging studies to rule out intracranial aneurysm. A review of medi-
cations should focus on those that interfere with the cytochrome P45011IA system
that accelerates or reduces the metabolism of the calcineurin inhibitors. Significant
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psychiatric illness, questionable compliance with medications, drug, alcohol, and
smoking history may alter the work-up or candidacy of the patient.

3. Physical Examination

The physical examination always starts with assessment of vital signs includ-
ing blood pressure. It is typical for renal failure patients to be hypertensive, how-
ever, this should be adequately controlled with medications. Poor control may
lead to work-up that could result in the need for pretransplant native nephrec-
tomy. The height and weight of the recipient may be a factor in determining the
acceptability of certain cadaveric kidneys to optimize the “nephron dose”. Obe-
sity may alter the surgical approach to the kidney transplant. For example, with
anticipated difficult surgical exposure, placement of the kidney allograft in the
retroperitoneal right iliac fossa utilizing the proximal common iliac artery and
common iliac vein may simplify the transplant procedure. Detection of carotid
bruits or weak femoral pulses are indications for duplex ultrasonography, and
possibly cerebral arteriography. An abdominal examination that elicits right upper
quadrant or epigastric pain, or the detection of heme positive stool, would result
in the need for gallbladder ultrasound and upper and lower GI endoscopy. A
previous kidney transplant, abdominal surgery resulting in a right upper quad-
rant incision, an appendectomy incision, or the presence of a PD catheter, may
influence the choice of iliac fossa to place the kidney transplant. The physical exam
may also detect areas of infection particularly in patients with diabetes that may
have foot ulcers or possibly an unappreciated osteomyelitis. Female transplant
candidates should have a formal gynecologic examination and Pap smear, and if
over 40 years, a mammogram. All patients should have a dental examination with
treatment of dental caries and tooth extraction, if necessary, completed prior to
transplantation.

4. Interventional Studies and Pretransplant Surgery

Laboratory studies serve to screen for abnormalities not suspected by the his-
tory and physical examination. Not all of the procedures are required as the indi-
vidual examinations will differ and require a differential degree of depth of
evaluation. A complete cardiac work-up including angiography is unnecessary in
all patients. However, individuals with a significant history, positive review of sys-
tems, type 1 diabetes, or hypertensive renal disease, should undergo a very com-
plete evaluation to rule out significant coronary artery disease. Coronary artery
disease (CAD) is a major cause of mortality, especially in patients with type 1
diabetes. It is frequent to diagnose significant CAD in diabetic patients that present
with no symptoms or history of ischemic heart disease. Some have taken the po-
sition that all patients with type 1 diabetes should undergo coronary arteriogra-
phy. The rationale is that the likelihood of having significant silent disease is high.
Since noninvasive tests, such as scintigraphy, have a low sensitivity the complica-
tion rate of arteriography is less than the morbidity associated with preceding
with transplantation in a patient with a false negative noninvasive test for ischemic
heart disease. The use of low dose, minimally toxic contrast agents, and biplanar
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imaging make coronary arteriography safe even in patients with pre-uremic chronic
renal failure. The diagnosis of significant coronary disease logically leads to con-
sideration for revascularization by coronary angioplasty with stent, or coronary
artery bypass grafting. Successful coronary artery interventional procedures do
not rule out patients for transplantation. However, it may be prudent to perform
post-revascularization cardiac stress testing to confirm that ischemic myocardium
does not exist, prior to proceeding with transplant surgery.

The medical work-up may reveal circumstances requiring surgical interven-
tion to prepare the patient for kidney transplantation. The common surgical pro-
cedures and indications are outlined in Table 6.5. Pretransplant native kidney
nephrectomy/nephroureterectomy is no longer a routine pretransplant procedure.
The native kidneys are left in place because they may still produce significant vol-
umes of urine and secrete erythropoietin. Nephrectomy/ nephroureterectomy is
reserved for specific indications. Ultrasound evidence of gallstones would be an
indication for pretransplant cholecystectomy. The mortality and morbidity of acute
cholecystitis is significant in the immunosuppressed transplant recipient. Indi-
viduals with significant coronary artery disease should be seriously considered for
revascularization and then reconsidered for transplantation. Splenectomy is no
longer a requisite pretransplant surgical procedure.

Multiple random blood transfusions were at one time associated with improved
cadaveric graft survival in the pre-cyclosporine era. Currently there is no clinical
benefit to transfusion and the risk of sensitization is significant. Donor-specific
transfusion therapy in the setting of living kidney transplantation has also been
almost completely eliminated.

When the evaluation is completed, it is presented at the Evaluation Committee
meeting. The Committee may decide that further evaluation is necessary before a
final decision is made to accept or not accept the patient for kidney transplanta-
tion. When the patient is active on the waiting list, arrangements are made with
the patient’s dialysis unit, or if preuremic, the patient himself will submit periodic
serum samples to the tissue-typing laboratory for determination of a current panel
reactive antibody level that is also available to be used for crossmatching. It is
usually at this point that insurance coverage is secured or confirmed.

5. The Immunological Evaluation
A recipient of a kidney transplant will undergo an extensive immunological
evaluation. The primary purpose is to evaluate those variables that are associated

Table 6.5. Indications for pretransplant native nephrectomy/nephroureterectomy

Large polycystic kidney disease
Chronic renal parenchymal infection
Chronic infected reflux disease
Heavy proteinuria

Intractable hypertension

Infectious nephrolithiasis
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with a risk of antibody-mediated hyperacute rejection. There are four compo-
nents of the immunologic evaluation: ABO blood group antigen determination,
HLA typing, serum screening for humoral reactivity to HLA phenotypes, and
donor/recipient crossmatching.

a. ABO blood group determination. The ABO blood group antigens are carbo-
hydrate moieties that are expressed on endothelial cells. They are a potential
target of recipient circulating preformed cytotoxic anti-ABO antibody. Trans-
plantation across incompatible blood groups may result in humoral mediated
hyperacute rejection. Therefore, transplantation is avoided in this circumstance.
Several systems of blood group verification are in place at the transplant center
and the organ procurement organization to ensure proper ABO matching.

An interesting exceptional circumstance is the possibility of transplanting kid-
neys from the blood group subtype A2 into type O, B, or AB recipients. It is con-
firmed that the recipient circulating preformed anti A2 antibody titer is absent.
The A2 antigen is weakly immunologic and does not result in induction of anti-
body. There have also been experimental procedures for ABO incompatible kid-
ney transplants.

b. HLA typing. All transplant recipients are tissue typed to determine the HLA
Class I and Class II loci. Multiple alleles exist at each loci, and they are co-domi-
nantly expressed by each chromosome. Six HLA antigens are determined. The
kidney donors are also HLA typed and the degree of incompatibility between do-
nor and recipient is defined by the number of antigens that are mismatched at
each HLA locus. The implications of these results are to determine zero HLA mis-
matched donor/recipient pairs that allows cadaveric kidneys to be preferentially
allocated to those recipients. The degree of mismatching also has implications for
the number of points assigned to each transplant recipient on the waiting list for
allocation. Finally, HLA matching does influence the outcome of the kidney trans-
plant. For cadaveric kidney transplants the best outcomes are observed in recipi-
ents of a zero antigen mismatched kidney. For living related kidney transplantation,
the best results are observed in recipients of an HLA- identical kidney allograft.
The degree in which HLA mismatching influences outcome varies considerably
from center to center, and has changed with the application of the newer immu-
nosuppressive agents.

It has been determined that groups of HLA antigens share characteristics in
their molecular composition that are related to its antigenicity. These broad speci-
ficities have been categorized into cross-reacting groups (CREG). Matching for
the CREG groups, rather than the individual HLA antigens, is an alternative method
to define the degree of donor/recipient matching. Recipients of CREG matched
donor kidneys seldom become sensitized for those specific HLA antigens. There
are also advantages to CREG matching in making cadaveric kidney allocation more
equitable between races. However, any system of organ allocation using HLA
matching as a criterion imposes some degree of racial bias that affects access.

c. Serum screening for antibody to HLA phenotypes. Sensitization to histocom-
patibility antigens is of great concern in certain populations of transplant candi-
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dates. This occurs when a recipient is sensitized as a consequence of receiving
multiple blood transfusions, receiving a previous kidney transplant, or from preg-
nancy. Transplantation of a kidney into a recipient that is sensitized against donor
Class I HLA antigens is at high risk to develop hyperacute antibody-mediated
rejection. All transplant candidates are screened to determine the degree of hu-
moral sensitization to HLA antigens. This is accomplished by testing the patient’s
serum against a reference panel of lymphocytes that express the spectrum of HLA
phenotypes. This methodology is referred to as panel reactivity and is quantified
as the percentage of the panel to which the patient has developed antibody. This
measurement is expressed as percent panel reactivity (PRA). For each patient this
value varies between 0-100% and may change over time. Patients on the cadaveric
kidney waiting list have PRA determinations on a regular basis. Information is
kept that defines the peak percentage PRA and current percent PRA. Patients highly
sensitized will have a very high PRA level that can remain elevated for years. The
implications are that the waiting time will be very long before a patient receives a
kidney to which he/she is nonreactive. Organ allocation point systems take into
consideration the PRA level for maximizing organs to those individuals with high
PRA that are found to have a negative crossmatch with a particular donor.

d. Crossmatching. Crossmatching is an in vitro assay method that determines
whether a potential transplant recipient has preformed anti-HLA Class I anti-
body against those of the kidney donor. This immunologic test is conducted prior
to transplantation. A negative crossmatch must be obtained prior to considering
accepting a kidney for transplantation. The patient’s stored or fresh serum is re-
acted against donor T-cells from cadaveric lymph nodes, or cadaver/living donor
peripheral blood. The relevant antibodies are cytotoxic IgG anti-HLA Class L.
Occasionally, a recipient will have IgM activity to HLA antigen. This can be deter-
mined by a crossmatch assay in which the recipient’s serum is treated with
dithiothreitol (DTT) to denature the IgM and eliminate the IgM response. Plate-
let absorption and determination of autoantibody are other useful techniques to
carefully characterize and interpret the results of a positive crossmatch. Anti-HLA
Class IT antibody is less important and is detected utilizing donor B cells.

The technique of crossmatching is referred to as a microlymphocytotoxicity
test. It was developed in the late 60’s by Terasaki and has been one of the most
important advances in kidney transplantation to prevent hyperacute rejection.®
There are several methodologies. The standard test is referred to as the NTH method.
Purified donor lymphocytes are incubated in recipient serum in the presence of
complement. Complement reacts with bound anti-HLA antibody to kill the cell.
Viability staining is performed to determine if a reaction has occurred. To in-
crease the sensitivity of the standard crossmatch, anti-IgG globulin may be added
to enhance binding of complement. Flow cytometry crossmatching is even more
sensitive and has gained in popularity making it the standard procedure for most
transplant programs. Binding of recipient antibody to donor T-cells is determined
by detection of fluorescein-labeled monoclonal mouse anti-human antibody re-
active to the anti-HLA antibody. The degree of reactivity is quantified by channel
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shifts. A positive flow crossmatch has a channel shift above a defined threshold. By
using donor T and B cells and an array of fluorescein-labeled anti-human anti-
body the specific characteristics of the crossmatch reaction can be defined. It is
possible to determine the specificity of the reaction to the precise HLA antigen.

CADAVER AND LIVING KIDNEY DONATION

The annual number of patients that receive a kidney transplant are determined
by the number of cadaveric kidneys available and the number of living kidney
donors. Cadaver kidney transplants make up the majority, numbering 8,493 in
2002. The bulk of the increase in kidney transplants over the past several years is
due to greater numbers of living donors. There were 6,235 living donor kidney
transplants in 2002.

Numerous strides have been made to increase the total number of cadaver kid-
neys available by public education programs encouraging organ donation. There
is also a new classification of expanded criteria organ donors, and more liberal
consideration of controlled and uncontrolled non-heart-beating donors. In addi-
tion, many programs are expanding their living kidney donor experience by in-
cluding distantly related donors such as spouses, cousins, aunts, uncles, close
friends, and even emotionally unrelated donors. This has resulted in an increase
in the proportion of all kidney transplants performed in the U.S. by living donors
to almost 45%. In many transplant programs, living kidney donation accounts for
nearly 75% of all the kidney transplants. There are few medical ethical issues re-
lated to accepting kidneys from living donors. The donor mortality risk is <0.01%.
Life expectancy is unaffected. There is no long-term morbidity related to develop-
ment of hypertension or impaired renal function (7). In fact, many patients have
been benefited by the thorough medical examination during work-up by reveal-
ing unexpected medical issues.

A. EVALUATION OF THE LIVING DONOR

The pertinent aspects of the medical evaluation of the potential live kidney
donor are outlined in Table 6.6. The psychosocial evaluation is necessary to con-
firm that the motive to donate the kidney is altruistic. Not all individuals willing
to donate can be accepted as a donor because of ABO blood type incompatibili-
ties with the recipient. This uncertainty requires the evaluation to proceed in stages
so that expensive imaging studies are not performed in ABO incompatible do-
nors. The work-up is performed in phases, beginning with determination of blood
type, blood chemistry profile, complete blood count, coagulation studies, and uri-
nalysis with culture. If the donor is one of multiple siblings willing to donate, then
HLA typing is conducted. This is done to determine if an HLA identical or one-
haplotype match can be found.

When the single best donor is identified with a negative crossmatch the work-
up proceeds with a 24-hour collection of urine for detection of protein and crea-
tinine clearance. Next, viral serologies are obtained, chest x-ray, EKG, and if
indicated, a two-dimensional cardiac echocardiogram. Finally, the special imag-
ing studies to evaluate the renal vasculature and collecting system are obtained. It
is imperative that there is confirmation that the potential live donor has two kid-
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Table 6.6. Medical evaluation of the potential live kidney donor

1. Identification of interested family or nonfamily members and orientation to live
kidney donation
2. Complete history and physical examination
3. Immunological studies
A. Blood type
B. HLA determination
C. Cross-matching with recipient
4. Social and psychological evaluation
5. Laboratory studies
A. Complete blood count, serum chemistry profile including liver function tests,
coagulation profile
B. Infectious survey: hepatitis A, B, and C serologies, CMV serologies (IgG/IgM),
Epstein-Barr virus serologies (IgM/IgG), HIV, RPR, urine culture and cytospin
C. Prostate Specific Antigen (PSA) males > 50 years
D. Pregnancy test, pap smear, mammogram (females >40 years or family history)
E. Urinalysis and 24 hour urine for protein and creatinine clearance
F. Chest x-ray (PA and lateral)
G. EKG (12 lead)
H. Special tests to evaluate renal vasculature and collecting system
a. Renal CT with 3-D angiography (spiral CT)
b. Renal ultrasound to determine presence of 2 kidneys and to rule out PCKD in
relative of recipient with PCKD
¢. MRI/MRA (experimental)

neys. An excellent single imaging technique, which is capable of visualizing both
kidneys and the renal arteries, veins, and collecting systems, is the renal CT with
three-dimensional angiography (spiral CT). Spiral CT is becoming more popular
than renal arteriography, the caveat being that mild fibromuscular hyperplasia
may be overlooked with the former. Renal ultrasounds are generally not routinely
utilized. However, in relatives of a recipient with autosomal dominant polycystic
kidney disease, a renal ultrasound will rule out polycystic kidney disease in the
donor without employing the more expensive CT examination. Once the imaging
studies are performed, if there is favorable anatomy, a final crossmatch will be
completed. Next, the surgery date is scheduled.

B. CADAVER DONOR EVALUATION

Potential cadaveric organ donors are referred to the organ procurement orga-
nization (OPO) by their member hospitals. The OPO screens the referrals to de-
termine initial medical suitability and confirm that adequate documentation of
brain death is present. An OPO representative should be called upon to personally
discuss the situation of organ donation with the family. Permission for organ do-
nation is obtained.

Medical management of the cadaver organ donor is typically taken over by per-
sonnel at the OPO, or a managing transplant medical or surgical specialist. The
pertinent aspects of the medical evaluation to optimize care and provide useful
information for the transplant centers are outlined in Table 6.7. The etiology and
duration of brain death is determined, the amount of cardiac arrest time, if any,
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Table 6.7. Medical evaluation of the potential cadaveric organ donor

1. Confirm diagnosis of brain death
2. Confirm consent for organ donation from family
3. History
A. Etiology and duration of brain death
B. High risk behaviors (e.g. drug/alcohol abuse)
C. Pre-existing diseases (e.g. renal dysfunction, diabetes)
4. Physical examination
A. Sites of physical trauma, intra-abdominal surgery, infection
B. Hemodynamic stability and pressors
C. Urine output
5. Blood Work
A. Blood type
B. HLA typing
C. Infectious survey:
i) HIV
ii) RPR
iii) viral serologies: CMV, EBV, hepatitis B and C
D. Complete blood count, complete serum chemistry profile, coagulation profile
E. Blood, urine, sputum cultures
6. Urinalysis
7. Kidney biopsy (if indicated)

noted, as well as the need for inotropic support. Significant pre-existing diseases
such as renal dysfunction, diabetes, and cancer are obtained. High-risk behavior
for acquired infectious diseases is noted.

Physical examination begins with description of hemodynamic stability as well
as height, weight, urinary output, and presence of hematuria. Next, examination
determining potential physical trauma to the intraabdominal organs, as well as
sites of infection, are obtained. An extensive amount of blood work is required
beginning with determination of blood type. An infectious survey with multiple
viral serologies is obtained. A complete serum chemistry profile helps determine
the degree of renal function, electrolyte abnormalities, and liver parenchymal dys-
function. A complete blood count and coagulation profile are obtained, the latter
useful to rule out disseminated intravascular coagulation. The peripheral blood
or lymph nodes are obtained and forwarded to the OPO laboratory for HLA typ-
ing and crossmatching. If the cadaveric organ donor is considered marginal there
may be certain criteria that warrant a renal biopsy after procurement. The OPO is
then responsible for contacting the various transplant programs that have pa-
tients on the waiting list for kidney transplantation. Each transplant program has
its own criteria by which cadaveric kidneys are accepted. These decisions are made
differently by different programs, each with the goal of selecting suitable kidneys
for successful and safe kidney transplantation.

A new system has been instituted by UNOS to improve placement and reduce
the discard rate of cadaveric kidneys from expanded criteria organ donors.
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C. ORGAN PROCUREMENT AND PRESERVATION

The donor organs are procured by a specialist transplant surgery procurement
team. In this era of multiple organ procurement, often the kidneys will be pro-
cured by surgical teams obtaining the liver or pancreas for transplantation. The
donor cadaveric kidneys are removed after cold preservation solution is infused
intra-arterially via the aorta followed by surface cooling with ice slush. The organs
are usually obtained through an en-bloc nephroureterectomy, including the aorta
and inferior vena cava. The en-bloc kidneys are separated at the backbench. De-
tails of the anatomy including the size of the kidneys, length of ureter, numbers of
arteries, veins, and ureters are recorded. Identification of large cysts or a tumor is
the goal of the external examination. A renal biopsy may be taken contingent on
the donor age and medical considerations.

The kidneys are then each placed in preservation solution, packed on ice, la-
beled as left or right, and transported to the OPO or transplant center. Some pro-
grams elect to use a machine perfusion system believing that it may decrease the
incidence of delayed graft function. The preservation solution most frequently
used is the University of Wisconsin preservation solution. Although this has had
greatest benefit by extending preservation times for liver and pancreas allografts,
itis beneficial for kidney allografts as well. Some programs are also using the HTK
preservation solution. Kidney allografts will function after cold preservation times
as long as 72 hours. However, the incidence of delayed graft function increases
significantly after preservation times >24 hours, dependent upon on the health
and age of the cadaver organ donor. In general, most cadaveric kidneys are trans-
planted within 36 hours. This time interval allows adequate opportunity for safe
transportation of zero antigen-mismatched kidneys to the selected recipients any-
where in the country.

TRANSPLANTATION SURGERY AND POST-SURGICAL
CONSIDERATIONS

A. PREOPERATIVE TRANSPLANT CARE

Selection of the cadaveric kidney transplant recipient usually occurs shortly
after procurement of the kidneys. The recipient is admitted to the hospital, re-
evaluated, and a final decision made whether or not to proceed with surgery. The
re-evaluation emphasizes work-up for infectious disease, or other medical issues
that would contraindicate surgery. It is necessary to determine if dialysis is re-
quired prior to transplantation. If the patient is on peritoneal dialysis, occult peri-
tonitis should be quickly ruled out by gram stain while the culture results of the
peritoneal fluid are pending. Because patients may be on the waiting list for years,
significant progression of previously insignificant medical problems may have
occurred. Suspicion of cardiac disease is obtained through history and physical
exam and EKG. Sometimes it is necessary to proceed with invasive tests to conclu-
sively rule out significant coronary artery disease. It may be most prudent to pro-
ceed directly to coronary arteriography to do so. This would then require
post-procedure dialysis to eliminate the contrast material. The re-evaluation
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admission also affords time to review the sequence of transplant events with the
patient and family members. It is also during this time that informed consent may
be obtained if the patient is to be included in any study protocols.

B. SPECIAL SURGICAL CONSIDERATIONS DURING ORGAN PROCUREMENT

The kidney transplant procedure begins with the organ procurement process.
It is essential that the organ procurement team exhibit knowledge of the impor-
tant anatomical variations of the renal vasculature and collection system. Inad-
vertent transection of renal vasculature or the ureter can significantly compromise
the success of the transplant. Communication between the procurement team
and the implantation team is valuable.

C. KIDNEY TRANSPLANT SURGERY

Kidney transplantation is not a technically demanding procedure but it is un-
forgiving of even minor technical misadventures. The surgical procedure is uni-
form, but no two kidney transplants are exactly alike. A typical uncomplicated
kidney transplant can be performed in 3 (+ 0.5) hours. Technical complications
resulting in graft loss are very uncommon.

Several procedures are carried out prior to the skin incision. Patients are ad-
ministered perioperative antibiotics. Intra-operative immunosuppressive induc-
tion agents may be given, including the corticosteroids and anti-lymphocyte
antibody induction agents. After induction of general anesthesia, a central venous
catheter may be placed. A large Foley catheter is placed in the bladder and the
bladder infused with about 200cc of antibiotic fluid by gravity. Another approach
is to utilize a Foley extension that allows cysto-tubing to be connected for infusion
of fluid into the bladder during the case after vascular reconstruction. The Foley
catheter should be very securely taped to a shaved spot on the thigh with use of
benzoin and 2 inch-cloth tape. Ted hose and pneumoboots are often applied to
minimize the chance for development of deep venous thrombosis. Naso/orogastric
tubes are generally not used. The abdomen is then prepped and draped in a sterile
manner.

Figure 6.3 illustrates the anatomic position of the heterotopically placed kidney
transplant. The transplant site is the iliac fossa. Generally, the right iliac fossa is
favored because the vessels are more superficial. Also, on the right, the proximal
common iliac vein lays lateral to the artery and is easily accessible in obese and
deep patients compared to the external iliac vein. This may be particularly impor-
tant if living donor kidneys are used with short renal vessels. The exception are
patients with Type 1 diabetes that may be candidates for a subsequent pancreas
transplant. In this situation the left iliac fossa is used for the kidney transplant.

The skin incision is made either as a curvilinear hockey-stick type incision rela-
tively medial compared to the alternative straighter and more diagonal and lateral
incision. The incision is carried down through the external oblique aponeurosis
through the oblique musculature to the peritoneum. The inferior epigastric ves-
sels are suture ligated and divided. In females, the round ligament is divided. In
males, the spermatic cord structures are preserved and mobilized medially. The
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Fig. 6.3. Kidney transplant in right iliac fossa with anterior ureteroneocystostomy.

peritoneum is mobilized medial and cephalad to expose the underlying retroperi-
toneal iliac vessels. Often at this point, a mechanical retractor is utilized to im-
prove exposure. The iliac artery and vein are dissected free from the surrounding
soft tissues with suture ligation and division of the overlying lymphatics. This is
important to minimize occurrence of a posttransplant lymphocele.

There are several alternatives for the vascularization of the renal allograft. Pa-
tients that are uremic typically do not require systemic heparinization for the vas-
cular anastomosis. However, preuremic patients should be heparinized. Commonly,
the external iliac artery and vein are utilized. There are situations that may require
suture ligation and division of the hypogastric veins to mobilize the external iliac
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vein laterally to improve its position and to optimize the alignment of the kidney
allograft. The common iliac artery may be important to use if there is atheroscle-
rotic disease or concern about the perfusion pressure in the extra iliac artery. The
internal iliac artery can be used for an end-to-end anastomosis in living donor
kidneys or in kidneys that have multiple arteries. Another consideration that is
used to determine the location of the arterial anastomosis is how the lie of the
kidney in the iliac fossa will be affected by the relationship of its lower pole to the
anteriorly rising psoas muscle.

The sutures used for anastomosis in adult kidney transplants are typically 5-0
monofilament for the vein, and 6-0 monofilament for the artery. If there is a very
difficult arterial anastomosis because of intimal abnormalities, interrupted stitches
are useful. If hypogastric veins need to be ligated they should be stick tied. The
length of the renal artery and vein should be examined and the vein trimmed to
an appropriate length relative to the artery, leaving it slightly longer when the iliac
vein is medial. On right cadaveric kidneys it is very useful to utilize the inferior
vena cava as an extension. There is no demonstrable disadvantage in putting a left
kidney on the left side or the right kidney on right side. Placing the contralateral
kidney in the iliac fossa does make for a more natural vascular alignment when
the vein is mobilized lateral relative to the artery. Also, the ureteral collecting
system is relatively anterior to the vessels in the hilum.

After completion of the vascular anastomoses the ureterocystostomy is per-
formed. It is important in males that the ureter be slipped under the cord struc-
tures. The ureteral artery needs to be securely ligated. The ureter is then cut and
spatulated. There are 3 common methods of ureteral anastomoses. The Ledbetter-
Politano procedure requires an open cystotomy and the ureter is tunneled pos-
teriorly near the trigone. The most common approach is the anterior
ureteroneocystostomy in which the spatulated ureter is directly sutured to the
bladder mucosa, followed by approximation of the muscularis to create a tunnel
over the distal 2 cm of the ureter (Fig. 6.4). This approach has been modified as
a single stitch procedure, whereby the ureter is invaginated in the bladder with a
single stitch, followed by the approximation of the muscular layer to create a
tunnel to prevent reflux (Fig. 6.5). In the unusual situation involving a dupli-
cated collecting system, separate ureterocystotomies are performed for each ure-
ter. Alternatively, the tips of the ureters may be fish-mouthed and sewn together
creating a single ureteral orifice for anastomosis to the bladder mucosa. In very
unusual cases where the bladder can not be used, urinary drainage using an ileal
loop is successful. In some centers, ureteral stents are often routinely employed.
This may minimize the occurrence or early urine leaks or ureteral stenosis. The
ureteral stents are removed approximately 6 weeks posttransplant via flexible cys-
toscopy in the outpatient setting.

It is usually not necessary to place a retroperitoneal drain. However, if needed,
it is perfectly reasonable to place close suction drainage which is required only for
about 24-48 hours. Wound complications can be associated with significant mor-
bidity. Careful closure of the incision that incorporates all layers of the muscle
and fascia is important to prevent hernia. Keeping the wound edges moist with
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Fig. 6.4. Extravesical anterior ureteroneocystostomy demonstrating mucosa-to-mucosa
anastomosis of the ureter to the bladder mucosa and approximation of the detrusor muscle
to create the anti-reflux tunnel.

antibiotic solution during the course of the procedure will help minimize wound
infection. The patient can usually be extubed in the OR at the completion of the
case.

D. VERY EARLY POSTOPERATIVE MANAGEMENT

Immediate postoperative care begins in the post-anesthesia recovery room with
airway management as highest priority, ensuring successful extubation and air-
way protection. Pain control is administered. Vital signs are monitored frequently.
A complete chemistry profile, complete blood count, coagulation survey, chest x-
ray, and EKG are typically obtained. Observation and documentation of hourly
urine output is critical to determine the early degree of initial function of the
kidney transplant as well as anticipating the intravenous fluid replacement neces-
sary. Urinary output can be as low as drops or greater than 1 liter per hour. Post-
operative fluid replacement must be thoughtfully approached. Assessment of
volume status is important to avoid volume overload or depletion. Central venous
pressure monitoring is a useful guide to intravascular volume status. If a brisk
diuresis is occurring, it is not uncommon for electrolyte abnormalities to develop
including hypocalcemia and hypomagnesemia. Determination of serum potas-
sium levels is very important. When urine output is very low, hyperkalemia should
be anticipated. A brisk urine output may be associated with either hyper- or




128 Organ Transplantation

Fig. 6.5. Extravesical anterior ureteroneocystostomy utilizing the single stitch technique
and anti-reflux tunnel.

hypokalemia. In the latter case, replacement of potassium in intravenous fluid
must be approached with caution. In patients with voluminous urine output, the
urinary concentration of potassium may be unexpectedly low. It is prudent to
measure urinary potassium concentration prior to considering adding potassium
to the intravenous fluids. Often replacement fluids are administered according to
the rate of urine output. In that case, the potassium concentration in the intrave-
nous replacement fluids should not exceed that in the urine.

An abrupt cessation of brisk urinary output must be quickly assessed. Suspi-
cion that the Foley is occluded by a blood clot should prompt immediate irriga-
tion. Importantly, an acute renal arterial thrombus will manifest as abrupt cessation
of urine output. Very early vascular problems may be reversed and the kidney
salvaged if acute renal artery thrombosis is suspected (usually in the recovery room)
and the patient is immediately surgically re-explored.

Early significant postoperative bleeding would manifest as hypotension, tachy-
cardia, decreased urine output, and lower than expected hemoglobin level. When
the patient is stable and the early postoperative laboratory evaluation complete,
the patient is typically transferred to the transplant general care unit. Routine
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intensive care unit observation is usually not required, however, there are indi-
vidual cases in which it is sometimes required.

E. SURGICAL COMPLICATIONS

1. Wound Complications

Risk factors for, and the morbidity of, wound complications in the transplant
patient are significant. Avoiding a wound complication begins with the forethought
of correct surgical technique in opening the wound, dissection in correct tissue
planes, gentle handling of tissue, meticulous attention to hemostasis, keeping the
wound edges moist with antibiotic solution during the case; and ends with secure
approximation of the deep fascia and careful approximation of the skin edges
during closure. Wound complications may be a source of significant morbidity
especially if ignored until deep and extensive facial necrosis and abscess develops.
Wound complications initially appear as superficial drainage. It is important to
differentiate between superficial and deep wound problems. Superficial wound
infections must be opened and a sample of fluid submitted to microbiology for
identification of the infectious organism and its sensitivity to antibiotics. Superfi-
cial infections can be treated successfully with local wound care. The fully granu-
lated wound may then be allowed to heal by secondary intention or the patient
brought back to the operating room for closure. Wound dehiscence requires ur-
gent surgical repair.

2. Bleeding

Kidney transplantation is a vascular surgery procedure, however, it is not an
operation associated with much blood loss. It is uncommon for intra-operative
blood transfusions to be given. Postoperatively, a life threatening bleeding com-
plication is very rare but could result from rupture of the arterial anastomosis
from a mycotic aneurysm. Significant bleeding could also occur as a result of the
loosening of a suture ligature on the inferior epigastric vessels or a branch of the
renal vein. Rupture of the kidney from an aggressive, early rejection reaction, usu-
ally in a highly sensitized patient, will cause significant bleeding.

Bleeding in the retroperitoneal space is usually tamponaded by the peritoneum
and the abdominal wall. However, extensive dissection of blood can occur ceph-
alad in the retroperitoneal space accommodating several units of blood. If the
kidney is placed intra-abdominally a greater amount of bleeding will occur prior
to tamponade. The presence of a large organized hematoma is at risk for second-
ary infection and subsequent wound breakdown. Diagnosis of bleeding is mani-
fested by hemodynamic instability, physical discomfort, reduced urine output,
instability of hemoglobin levels, requirement for repeated blood transfusion, and
usually detection of coagulopathy. The coagulopathy may include a prolonged
protime and bleeding time. The uremic platelet dysfunction may be improved by
administration of DDAVP, cryoprecipitate, or even a platelet transfusion. All
antiplatelet and anticoagulation agents should be promptly stopped. Some co-
agulation abnormalities may be improved by administration of FFP and/or vita-
min K.
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3. Acute Vascular Thrombosis

Acute (<24 hours posttransplant) arterial thrombosis occurs in <1% of all kid-
ney transplants. Salvage of the renal allograft is possible if immediately diagnosed.
The typical scenario occurs in the post-anesthesia recovery room. The diagnosis
is suspected during the immediate post-operative evaluation when it is noticed
that a previously brisk initial diuresis suddenly stops. Acute arterial thrombosis is
typically due to a technical problem or a small embolus. The technical issues may
relate to the degree of pre-existing atherosclerotic vascular disease. Another con-
sideration includes pressure on the kidney from the anterior abdominal wall in
recipients that are very thin with a narrow pelvis. This occurs when the kidney is
“laced in” too tightly from being positioned relatively distal on the external iliac
artery with compression or tension on the underlying renal vessels resulting in
vascular thrombosis.

Venous thrombosis is also a rare occurrence. If it occurs the kidney is usually
unsalvageable. The cause often never satisfactorily identified. Renal vein throm-
bosis can extend to the external and common iliac veins proper and result in deep
venous thrombosis and pulmonary embolism. Venous thrombosis manifests dif-
ferently from arterial thrombsis. In the former case, sudden onset of bloody urine
output often associated with unilateral swelling of the ipsilateral lower extremity,
occurs. If suspected during the post-anesthesia recovery period the patient should
be brought back to the operating room promptly and the transplant re-explored.
There is not the luxury of time to obtain noninvasive duplex vascular studies. If
venous thrombosis occurs, often too much time lapses before the problem is iden-
tified for any realistic hope of renal allograft survival, however, anecdotal reports
have been described.

4. Urine Leak

Urine leaks occur at the ureterovesical junction or through a ruptured calyx,
secondary to acute ureteral obstruction. It may occur days or weeks posttransplant.
Often the etiology of early urine leak is due to necrosis of the tip of the ureter.
Urine leaks manifest as diminished urine output, hypercreatinemia, and often lower
abdominal or suprapubic discomfort. This constellation of signs and symptoms
can be confused with a rejection episode. Anti-rejection therapy should never be
instituted without a renal allograft biopsy, especially if a urine leak is possible.

The diagnosis of urine leak begins with a high index of clinical suspicion backed
up by imaging studies. These may include an ultrasound or a CT scan showing a
fluid collection. The fluid is then percutaneously accessed and the BUN and crea-
tinine concentrations compared to that in the serum. To localize the leak, a nuclear
medicine study may be useful, or a retrograde cystogram. A percutaneous
nephrogram is definitive and may be useful treatment. Initial treatment of a sus-
pected urine leak would include placement of a foley catheter. Urine leaks may be
attempted to be repaired with minimal intervention with a percutaneous
nephrostomy and drainage with internal stenting, or through a cystoscopic retro-
grade approach. More aggressive treatment of the urine leak would involve opera-
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tive intervention with reimplantation of the ureter or a uretero-ureterostomy uti-
lizing the ipsilateral native ureter.

5. Ureteral Stenosis/Obstruction

This is a relatively late complication occurring months or years posttransplant,
which could result from ischemia of the ureter or a tight ureteroneocystostomy.
Ureteral stenosis is manifested by elevated creatinine and hydronephrosis. Some-
times infectious pyelonephritis occurs. Diagnosis is made by several complimen-
tary evaluations beginning with the observation of elevated creatinine followed
by renal ultrasound showing moderate or severe hydronephrosis. Mild hydroneph-
rosis is a benign common finding. To demonstrate that hydronephrosis is func-
tional, a foley catheter should be placed at the time of ultrasound. Also, it is useful
to obtain a diuresis renogram. If a functional stenosis or obstruction is present,
there will be delayed excretion of nuclear material in the bladder. This result logi-
cally leads to percutaneous nephrostomy to confirm the diagnosis with contrast
imaging. The percutaneous nephrostomy access is used for treatment by place-
ment of an internal ureteral stent into the bladder, and an external drain of the
renal pelvis. Those procedures solve the problem in the majority of cases; how-
ever, there are times when a surgical approach is necessary.

If surgery is required, one must be prepared to re-implant the transplant ureter,
perform a ureteroureterostomy to the native ureter, or perform a ureteropyelos-
tomy. Pre-operative retrograde stenting of the native ureter is often helpful in
dissecting the native ureter in the reoperative field. Also, stenting of the transplant
ureter is helpful as well. It is prudent to consult the initial operative report to
understand the surgical techniques used during the initial kidney transplant pro-
cedure. It is also very useful to know if the allograft is a left or right kidney, since
this has implications for understanding the anatomical relationship between the
pelvic collecting system and the renal vasculature. Kidneys placed in the contralat-
eral iliac fossa will have the collecting system relatively anterior to the renal vessels
and therefore a less treacherous dissection can be carried out, especially if a ure-
teropyelostomy is necessary. The surgical results are very satisfactory with imme-
diate and long-term sustainable renal allograft function.

6. Lymphocele

Alymphocele is a circumscribed collection of retroperitoneal lymph that origi-
nates from lymphatic vessels about the iliac vasculature and the hilum of the kid-
ney. The incidence of lymphocele is greatly reduced by careful suture ligation of
lymph vessels overlying the iliac vessels. The true incidence of lymphoceles is un-
known because not all patients are evaluated for its presence (in otherwords, the
denominator is unkown). However, significant secondary problems may arise
by external compression of the iliac vein causing leg swelling and discomfort, or
compression of the transplant ureter causing hydronephrosis and renal dysfunc-
tion. Significant collections are usually diagnosed during the work-up for
hypercreatinemia by ultrasonography. A perinephric fluid collection that is lymph
is confirmed by percutaneous access and analysis of the fluid for white blood count,
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differential, BUN, and creatinine. The fluid collection is differentiated from a uri-
noma or a serum collection. If hydronephrosis is diagnosed by an imaging study,
it is critical that investigation for perinephric fluid collection is undertaken prior
to consideration for percutaneous nephrostomy or other invasive procedures.

There are multiple treatment options for a lymphocele. The standard principle
is that intraperitoneal drainage of the lymphocele should be established. This can
be accomplished surgically with either a laparoscopic approach or an open surgi-
cal approach with marsupialization of the edges of the lymphocele. Caution must
be undertaken during surgery to avoid injury to the pelvic collecting system and
the ureter of the transplant kidney. Intraoperative ultrasound may be a useful
complementary procedure if the lymph collection can not be definitively differ-
entiated from a dilated renal pelvis. In some instances, percutaneous drainage is
undertaken. However, this has a higher risk of infection and the disadvantage of
requiring an external drain in place for extended periods of time. Patients recover
from the laparoscopic and open surgical procedures in less than 2 days. One should
expect immediate resolution of hydronephrosis, improved diuresis, and correc-
tion of hypercreatinemia. Interestingly, some have hypothesized that lymph col-
lection may be hastened by an ongoing acute rejection episode. Therefore, if prompt
correction of hypercreatinemia does not occur, acute rejection should be suspected
and diagnosed by renal biopsy.

RENAL ALLOGRAFT PARENCHYMAL DYSFUNCTION

Renal allograft parenchymal dysfunction is an important cause of graft loss.
The clinical manifestation is uniformly that of hypercreatinemia, yet the causes
are numerous and a differential diagnosis must be approached, taking into con-
sideration the risk of rejection, the blood concentrations of the calcineurin in-
hibitors, etiology of native kidney failure, and the time period following
transplantation.

A. KIDNEY TRANPLANT BIOPSY

The use of percutaneous biopsy of kidney transplant is invaluable in the prompt
accurate diagnosis of parenchymal dysfunction. Often the procedure is preceded
by an ultrasound to rule-out other nonparenchymal diseases as a cause of
hypercreatinemia. The technique is well established and is safe. The kidney trans-
plant biopsy can be done in the outpatient office setting. Often it is done with
ultrasound guidance. Kidneys placed in the retroperitoneal iliac fossa are much
more accessible to safe biopsy than those implanted in the intra-abdominal posi-
tion. The site of biopsy should be the upper pole to minimize injury to the lower
collecting system. Patients with prolonged bleeding time or coagulopathy should
not be biopsied until these abnormalities are corrected. A 16-18 gauge biopsy needle
is typically used. In most transplant programs, the renal pathologist is available to
read the results of the biopsy specimen within hours of the procedure. This facili-
tates rapid diagnosis and institution of appropriate therapy. Most often, the bi-
opsy is performed to confirm the clinical suspicion of acute or chronic rejection.
However, occasionally, unexpected diagnoses are made such as hemolytic uremic
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syndrome, recurrent disease, or pyelonephritis. If changes consistent with acute
nephrotoxicity of calcineurin inhibitors are observed then appropriate dosing of
the immunosuppression is prescribed.

B. REJECTION

1. Hyperacute Rejection

Hyperacute rejection of the renal allograft occurs when circulating preformed
cytotoxic anti-donor antibodies directed to ABO blood group antigens or to do-
nor HLA class I antigens are present. The mechanism of allograft destruction is
well characterized. Antibodies bind to antigen expressed on the donor endothe-
lium resulting in activation of the complement system, platelet aggregation, and
microvascular obstruction. The frequency of hyperacute rejection is extremely
low, being prevented by ruling-out transplant recipients with a positive
pretransplant crossmatch. Hyperacute rejection may occur within minutes of
revascularization of the allograft and observed intra-operatively, or it may occur
hours later. Patients at risk for hyperacute rejection are those with a high past or
current PRA level. There is no ability to salvage the renal allograft. Pathological
examination will reveal significant interstitial hemorrhage, infiltration of neutro-
phils, and deposition of antibody on endothelium. A relatively new immunohis-
tological technique to help determine if hyperacute rejection has occurred includes
staining for complement deposition on the endothelium using an anti-c4d anti-
body. The ability to diagnosis hyperacute rejection histologically is often obscured
because of the severe degree of kidney destruction. Other considerations would
include arterial or venous thrombosis.

2. Accelerated Acute Rejection

This is a very early, rapidly progressive, and aggressive rejection reaction. It can
occur within the first week of transplantation. The pathologic characteristics are
massive infiltration of lymphocytes, macrophages, and plasma cells. There is in-
jury to the renal tubules, damage of interstitial capillaries, and vascular injury of
larger vessels marked by endothelial swelling. The very aggressive and rapid na-
ture of this rejection reaction makes it difficult to reverse. Immediate therapy with
anti-T-cell antibodies, in addition to pulse corticosteroids, may reverse the pro-
cess. Approximately 50% of the grafts can be salvaged. It would be expected that
long-term function would be compromised.

3. Acute Tubular Interstitial Cellular Rejection

This is the most common type of rejection reaction with an incidence at one
year posttransplant of approximately 10 (+5)%. Typically, it occurs between 1-3
months posttransplant. It is T cell mediated and injury is directed to the renal
tubules. Histopathologic examination reveals T-cell infiltration around the tu-
bules and infiltration within the tubules, producing “tubulitis” (Fig. 6.6). The se-
verity of rejection is defined on a continuum from mild to severe, which correlates
its duration of activity.® The gold standard for diagnosis is renal allograft biopsy.
Treatment is guided by the severity of histopathological changes. Mild rejections
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Fig. 6.6. Acute renal allograft
rejection with intraepithelial
lymphocytes penetrating the
tubular basement membrane
producing tubulitis. A. Mild
(PAS, x300.) B. Severe (PAS,
x600). (Reprinted with permis-
sion from: Solid Organ Trans-
plant Rejection, Editor Solez,
Publisher Marcel Dekker, Inc.,
1991).

may be successfully reversed with corticosteroids alone, whereas moderate or se-
vere rejections may require the use of anti-T-cell antibody. Acute tubular-intersti-
tial (T-I) rejection may occur repeatedly or relatively late (1+ years posttransplant).
These latter two circumstances place the patient at high risk for development of
chronic allograft rejection. Acute T-I rejection is reversible in =95% of cases.

4. Chronic Rejection

Chronic rejection is a slow and progressive deterioration in renal function, char-
acterized by histologic changes involving the renal tubules, capillaries, and inter-
stitium. It is often associated with individuals with recurrent rejection or a late
acute rejection episode. The dysfunction is also believed to be complicated by the
nephrotoxic effects of the calcineurin inhibitors. The precise mechanisms of this
disease are poorly defined and is an area of intense study. Application of conven-
tional antirejection agents, such as corticosteroids or anti-T-cell antibodies do
not appear to alter the progressive course. Unfortunately, this is a major cause of
kidney allograft loss occurring >2 years posttransplant.
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C. DELAYED GRAFT FUNCTION

Delayed graft function immediately posttransplantation is usually due to acute
tubular necrosis (ATN). It commonly occurs in cadaver allografts and rarely in
kidneys from living donors. Delayed graft function in a living donor transplant
should provoke work-up for causes other than ATN. The clinical significance of
delayed graft function on allograft functional survival is significant. The frequency
of delayed graft function is variable among the different transplant centers and
approximates roughly 20-40% of cadaver transplants. Risk of delayed graft func-
tion in cadaveric kidneys includes prolonged cold ischemia time, the age and medi-
cal condition of the cadaveric organ donor, and excessive early use of calcineurin
inhibitors. ATN is usually limited to approximately 2-6 days. It can be prolonged
for up to several weeks. If persistent, a simultaneous acute rejection episode may
occur, as well as acute nephrotoxicity of the calcineurin inhibitors. Successful care
of the patient with delayed graft function requires good judgment on the timing
of renal allograft biopsy.

D. NEPHROTOXICITY OF CALCINEURIN INHIBITORS

The calcineurin inhibitors, cyclosporine and tacrolimus, may induce an acute
nephrotoxic effect. The mechanisms are incompletely defined but include pre-
glomerular arteriolar vessel constriction causing reduction in renal blood flow
and decreased glomerular filtration. The nephrotoxic effect is related to circulat-
ing blood levels, which appear to correlate with peak concentrations occurring 2-
4 hours after dosing. The nephrotoxic effect may be severe and prolonged,
mimicking an aggressive acute rejection reaction. The parenchymal dysfunction
is reversible if calcineurin blood concentrations are promptly reduced. The oc-
currence of simultaneous nephrotoxicity and rejection are not mutually exclu-
sive. Occasionally it is necessary to perform renal allograft biopsy if the expected
correction of hypercreatinemia does not occur subsequent to reduction in
calcineurin inhibitor dosing. The pathologic characteristics of cyclosporine or
tacrolimus nephrotoxicity are distinguishable from acute tubulointerstitial rejec-
tion. The former demonstrates renal tubule vascularization and the latter a lym-
phocytic infiltrate of the renal tubules.

E. HEMOLYTIC UREMIC SYNDROME

This is a glomerular injury that results in abrupt hypercreatinemia and dimin-
ished urine output. De novo HUS is different than recurrent HUS. The etiology of
de novo HUS is unknown but seems to be associated with endothelial injury asso-
ciated with the calcineurin inhibitors and also the occurrence of cytomegalovirus.
A high index of suspicion is necessary to make a prompt diagnosis. Laboratory
evaluation showing diminished platelet count, anemia, reduced haptoglobin lev-
els, rising LDH levels, and a peripheral blood smear with schistocytes is consistent
with the diagnosis. The definitive diagnosis is by renal allograft biopsy showing
glomerular microthrombi. Treatment starts by discontinuing the calcineurin in-
hibitor, administration of gamma globulin, and possibly the application of plas-
mapheresis. Conversion to an alternative calcineurin inhibitor does not usually
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cause recurrence. If recurrent de novo HUS occurs it may be necessary to main-
tain immunosuppression with just an antimetabolite and corticosteroid. HUS has
a high rate of renal allograft loss.

F. BK POLYOMAVIRUS ASSOCIATED NEPHROPATHY?

The BK virus is a polyomavirus. It is an acquired childhood pulmonary infec-
tion that transports to the kidney and uroepithelium where it remains latent.
Mechanisms resulting in reactiviation have not been defined, but the immuno-
suppressed state is a critical factor. BK nephropathy is identified as the cause of
renal allograft dysfunction in 1-10% of cases. BK nephropathy is usually noted
beyond 6 months post transplant. Since the late 1990s there has been an increase
in the recognition of BK nephropathy. This increase in occurrence coincided with
the use of the more potent induction and maintenance immunosuppressive agents.
The diagnosis of BK nephropathy is suspected when the serum creatinine increases.
The diagnosis of BK nephropathy is definitively made using renal histology by the
identification of characteristic light microscopic or EM changes. Light micros-
copy of a renal biopsy specimen will reveal an interstitial infiltrate and tubulitis
similar to rejection. There may also be subtle changes consistent with a virally-
induced cytopathic effect of the renal tubules. Electron microscopy will confirm
the presence of viral particles. Plasma and urine PCR testing is performed to de-
tect BK polyoma genome. Treatment has generally included reduced immuno-
suppression however, histologic rejection may exist concurrently with BK
nephropathy complicating treatment decisions. Direct antiviral therapy may be
considered if there is no response to reduced immunosuppression, but there is no
standard anti-viral agent being used and results are disappointing.

G. RECURRENT RENAL DISEASE

Recurrent disease in the kidney transplant accounts for <2% of all graft losses.
Table 6.8 outlines the renal diseases often associated with risk of recurrent disease.
The incidence of recurrent disease and the likelihood of graft loss are estimates. A
few diseases have a high risk of renal allograft loss, such as focal segmental glom-
erulosclerosis, hemolytic uremic syndrome, oxalosis, and membranoproliferative
glomerulonephritis.

TRANSPLANT NEPHRECTOMY

Transplant nephrectomy is the surgical removal of a kidney transplant. The
indications for transplant nephrectomy include irreversible technical complica-
tions that result in acute failure of the transplant, hyperacute rejection, and chronic
loss of renal allograft function associated with local or systemic signs of symp-
toms. Transplant nephrectomy may be required within days of the transplant or
even years after a transplant has failed.

If transplant nephrectomy is performed within a couple months of the initial
transplant procedure the kidney can be removed by taking down the easily identi-
fiable vascular structures and ureter. For kidney allografts that have been in the
retroperitoneal space for longer, the plane of dissection between the peritoneum
and the renal capsule cannot be developed. The subcapsular nephrectomy tech-
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Table 6.8. Recurrent diseases of the kidney transplant

A. Primary Renal Disease Rate Likelihood of Graft
Loss if Present
Focal and segmental glomerulosclerosis
(FSGS) 20-100% 30-50%
Membranous proliferative I: 20-70% 11: 50-100%
glomerulonephritis type I and type II 20-50% 10-40%
Membranous glomerulonephritis 3-10% <2%
IgA nephropathy 50-80% <10%
Anti-GBM disease 25-50% <2%
B. Systemic Diseases
Oxalosis (Type I) 80-100% 50%
Systemic lupus erythematosus 5-20% 5-30%
Hemolytic uremic syndrome 20-50% 40-50%
Diabetes mellitus 100% <2%
Cystinosis 100% <2%
Schonlein-Henoch purpura 75% <1%
Amyloidosis 20% 5-20%
Mixed cryoglobulinemia 50% 50%
Alports Common Rare
Sickle Cell Rare Common
Fabry Disease Rare Common

nique is then utilized (Fig. 6.7). The transplant incision is reopened. Dissection is
conducted through the fascia to the kidney capsule, avoiding entering the perito-
neum. The capsule is opened and the renal parenchyma dissected from it
circumferentially. The kidney is shelled out of the capsule. No attempt is made to
identify the individual artery, vein, or ureter. Dissection is carried out to the hi-
lum. A large vascular clamp is then placed upon the hilum with extreme caution
to avoid occluding the iliac vessels. Confirmation that the iliac artery is opened is
made by palpation of the femoral pulse. With a large vascular clamp on the hilum
the broad pedicle is sharply divided and oversewn. The small amount of remain-
ing foreign tissue left behind is not problematic. The space occupied by the kidney
is obliterated by pressure from the intraperitoneal organs. Occasionally closed
suction drainage is placed in the wound. Transplant nephrectomy is a shorter pro-
cedure than a kidney transplant, and the convalescence is typically a two day
inpatient stay.
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IMMUNOSUPPRESSION FOR KIDNEY TRANSPLANTATION

All kidney transplant recipients require life-long immunosuppression to pre-
vent a T-cell alloimmune rejection response. Many immunosuppressive agents
have been approved by the Federal Drug Administration (FDA), and several more
are in phase 3 clinical trials. There are two broad classifications of immunosup-
pressive agents: intravenous induction/anti-rejection agents, and maintenance
immunotherapy agents. There is no consensus as to the single best immunosup-
pressive protocol and each transplant program utilizes the various combinations
of agents slightly differently. The goals of each of the programs are similar: to
prevent acute and chronic rejection, to minimize the toxicities of the agents, to
minimize the rates of infection and malignancy, and to achieve the highest pos-
sible rates of patient and graft survival.

A. THERAPEUTIC USE OF IMMUNOSUPPRESSION IN KIDNEY TRANSPLANTATION

1. Induction/Anti-Rejection Immunosuppressive Agents
The term “induction therapy” is generally used to describe antilymphocyte an-
tibody pharmacologics that are parenterally administered for a short course im-

Fig. 6.7. Transplant nephrectomy utilizing the intracapsular surgical technique.
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mediately posttransplant. The rationale for using induction agents pertains to its
potent anti-T-cell immunosuppressive properties. In this context, induction
therapy is used in conjunction with maintenance agents for the purpose of mini-
mizing the risks of early rejection episodes, often with aims to accelerate renal
allograft function, and perhaps, even inducing a tolerogenic effect to donor allo-
antigen.

This strategy of using induction therapy is most often applied to recipients at
relatively “high risk” for rejection. Some recipient characteristics associated with a
high risk of rejection include: HLA Class I antigen sensitization, elevated PRA
status, re-transplantation, and African American race. In those settings, induction
therapy is used to prevent or delay early acute rejection. Induction therapy is ap-
plied in other situations, as well. For example, for recipients receiving a kidney
with delayed graft function, induction therapy is often used to “cover” the recipi-
ent with effective anti-T-cell therapy (using blocking or deleting agents), to delay
the application of calcineurin inhibitors. This strategy serves to avoid the renal
vasoconstrictive and injurious tubular effects that can occur with calcineurin in-
hibitors until adequate renal function occurs.

Another reason to use induction therapy is that it will provide a short course of
potent immunosuppression that permits immediate and permanent elimination
of one (or more) of the maintenance agents required posttransplant. This has
been successfully used to immediately eliminate corticosteroid usage in kidney
transplant recipients. The fourth context in which induction therapy is discussed
relates to its theoretical “conditioning” effects to induce host immunological
hyporesponsiveness (or tolerance) to alloantigen.

With respect to the use of induction therapy, it is estimated is that is is routinely
used in approximately 50% of transplant centers for cadaveric kidney transplan-
tation. There has not been any documented substantial effect of induction therapy
on patient and graft survival rates. However, there is a significant difference in the
incidence of rejection within the first six months posttransplant in recipients re-
ceiving anti-IL-2R induction agents with double or triple maintenance immuno-
therapy with or without azathioprine. Of note is that the incidence of rejection
the first six months has also been reduced with the application of the new agents,
microemulsion cyclosporine or tacrolimus in combination with MMF or sirolimus,
versus the old combinations involving standard cyclosporine and azathioprine.

Trends in induction therapy. Since 1995 the proportion of kidney transplant re-
cipients receiving induction therapy has doubled from under 30% to approximately
60%. Figure 6.8 shows the number of recipients receiving the various types of induc-
tion agents by year of transplantation. OKT3 and equine antithymocyte globulin
were the predominant induction agents used through 1997. After that there has been
a marked shift to the use of the anti-interleukin 2 receptor antibodies (daclizumab
and basiliximab) in 1998.1n 2001, 26% of the 13,109 transplants for which informa-
tion is available used basiliximab and 15% used daclizumab. Rabbit antithymocyte
globulin began being incorporated in 1999. The use of this agent has grown rapidly
to 18% of kidney transplants in 2001. OKT3 use has dropped to <1% of transplants,
and equine antithymocyte globulin, which peaked in 1997, to 2%.
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Fig. 6.8. Use of immunosuppressive agents for induction therapy in kidney transplant
recipients.

2. Maintenance Immunosuppressive Agents

There are several immunosuppressive agents currently in use for maintenance
immunotherapy in kidney transplant recipients. They include corticosteroids
(prednisone), cyclosporine, tacrolimus azathioprine, mycophenolate mofetil
(MMF), and sirolimus. The optimal maintenance immunosuppressive protocol
has not been developed. The maintenance immunosuppressive agents are required
life-long.

The contemporary use of transplant immunosuppression involves multi-mo-
dality therapy. Typically 2-3 agents are used in combination that together maxi-
mize efficacy and minimize toxicity rather than if used singularly as
immunotherapy. The use of the various maintenance immunosuppression agents
has changed significantly in the past few years. The majority of new kidney trans-
plant recipients receive tacrolimus. The preferred antimetabolite is MMEFE. The
most notable trends, as reported to the UNOS Scientific Renal Transplant Regis-
try, are that microemulsion cyclosporine has replaced the use of standard
cyclosporine. Tacrolimus and MMF are being used with greater frequency.

Trends in maintenance immunosuppression. For long-term immunosuppression,
the majority of kidney recipients are prescribed a combination of corticosteroids
a calcineurin inhibitor, and an antimetabolite. Figure 6.9 shows the trend in
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Fig. 6.9. The changing use of calcineurin inhibitors for new kidney transplants.
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Fig. 6.10. The changing use of antimetabolites and sirolimus for new kidney transplants.

calcineurin inhibitor use in new kidney transplant recipients from 1995-2001.
During this period, cyclosporine use halved from about 80% to 40%. There has
been a corresponding rise in tacrolimus use from 10% to 60%. During this same
period (1995-2001) Figure 6.10 shows that azathioprine use declined from 65%
to 5%, while MMF use increased from 13% to 80%. In 2001, 16% of new kidney
transplant recipients received sirolimus as part of their immunosuppressive
medicine.
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3. Steroid-Free Inmunosuppression

In the past few years there has been a reassessment of the utility of including
corticosteroids in the maintenance immunosuppression combinations. The ben-
eficial contribution of corticosteroids in controlling host allo-immunity to pre-
vent or reverse rejection is offset by a myriad of associated morbid side effects.
Because the immunological risks of solid organ allograft rejection have been mini-
mized with the newer immunosuppressive agents, greater emphasis has been placed
on improving long-term wellness in transplant recipients. Major impediments to
achieving optimal well-being are the erosive effects on patient health of the im-
munosuppressive agents themselves; and one of the most detrimental agents has
been the corticosteroids.'®!!

Previous efforts to minimize chronic corticosteroid exposure through proto-
cols of slow weaning in kidney transplant recipients have been limited because of
late rejection and graft losses. The Canadian Multicentre Transplant Study Group
studied the effect of steroid withdrawal in recipients receiving dual immunosup-
pression with CsA and prednisone.'? Divergent outcomes occurred at about
posttransplant day 400 in recipients withdrawn from corticosteroids versus the
controls maintained on CsA and prednisone. The incidence of acute rejection in
both groups was similar, however, graft loss (etiology not reported) was higher in
recipients weaned off corticosteroids. Schulak et al,'* reported that renal trans-
plant recipients receiving induction therapy, CsA and azathioprine that were ran-
domized into a steroid withdrawal protocol experienced a higher rate and more
severe rejection versus controls remaining on corticosteroids. In that study renal
allograft functional survival rates were similar between treatment groups. Ahsan
et al,' reported on a prospective, randomized study of prednisone withdrawal in
kidney transplant recipients on CsA and MMF. Patient enrollment was stopped
because of excess rejection in the prednisone withdrawal group. The cumulative
incidence of rejection or treatment failure within 1 year posttransplant in the
maintenance group was 9.8% versus 30.8% in the prednisone withdrawal group.
Of note, risk was higher in African Americans (39.6%) versus the others (16.0%).
At 1 year posttransplant, there was no difference between groups in patient or
graft survival.

Recent trials in renal transplantation using aggressive protocols of steroid avoid-
ance or very rapid (< 5 days) steroid elimination have been more successful than
the slow withdrawal studies. Using a complete or near-complete avoidance proto-
col completely abrogates steroid-related side effects without affecting patient and
graft survival rates or the risk of acute rejection. The Northwestern group previ-
ously reported that a very short course of corticosteroid therapy (3 days) com-
bined with induction therapy (IL-2R anatagonist) and tacrolimus and MMF
resulted in a 15% incidence of rejection and a 1-year kidney graft survival rate
that exceeded 95%.'° Interestingly, approximately 90% of rejection episodes oc-
curred within 2 weeks of transplant. Thereafter, for up to a year, rejection was rare
(3-5%). More recently, Cole et al,'® and Vincenti et al,!” reported short-term re-
sults of rapid steroid elimination protocols using a similar immunosuppression
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protocol consisting of an IL-2R antagonist, a calcineurin inhibitor with MME. In
both studies acute rejection occurred relatively earlier in recipients rapidly with-
drawn from steroids, but was eventually equivalent at 1-year posttransplant to
either historical controls or a control cohort. Matas et al,'® reported short-term
results of a renal transplant pilot study in which 51 recipients were given anti-
thymocyte globulin induction, with CsA and MMFE. Steroids were rapidly elimi-
nated. Rejection rates were similar to controls with respect to frequency, timing
and severity. Patient and graft survival rates were similar to historical controls.
Birkeland has reported long-term results on 100 consecutive renal transplant re-
cipients that received anti-thymocyte globulin induction, CsA and MMF with fol-
low-up of 797-1052 days posttransplant.'® Four-year graft survival is 82% and a
cumulative rate of rejection is only 13%. Thus, there appears to be an important
distinction between the earlier protocols involving slow steroid withdrawal (wean-
ing) and rapid steroid elimination (avoidance).

A recent prospective, randomized study compared outcomes in recipients treated
with tacrolimus (no induction) in which steroids were either rapidly eliminated
(1 week) or slowly withdrawn over months.? The incidences of acute rejection in
the first 6 months posttransplant in the rapid versus slow elimination treatment
arms were 29% and 33%, respectively. Rejection occurring after stopping steroids
occurred in 2 recipients in the rapid elimination group and 1 recipient in the slow
taper group. Patient and graft survival rates and quality of renal allograft function
were the same among treatment arms.

There is speculation why completely avoiding or rapidly eliminating steroids
posttransplant does not pose a risk for rejection, and may actually be associated
with a decreased rate long-term.?!-?* Although glucocorticoids decrease cytokine
production, the effect may be offset by upregulation of proinflammatory cytokine
receptor expression on T-cells. Hypothetically, disruption of the cytokine/cytokine
receptor milieu may tip the balance toward T-cell activation and explain the en-
hanced susceptibility towards late rejection and graft loss in recipients in whom
steroids are weaned off as opposed to the situation in which corticosteroids are
essentially avoided. Therefore, as corticosteroids are slowly tapered the upregulation
of cytokine receptor expression and proliferative capacity may create an immu-
nological potential for enhanced T-cell effector function that could ensue once
corticosteroid exposure falls below an individual’s immunosuppression “threshold.”

The alloimmune risk of graft loss in solid organ transplantation has been largely
solved by application of the modern maintenance immunosuppressive agents, yet
transplant recipient wellness is plagued by steroid-associated side-effects such as
bone disease, cosmetic disfiguration, cataracts, gastric ulcers, increased cardiac
risks, etc. The recent studies have demonstrated the feasibility of applying a pro-
spective and flexible approach to rapid corticosteroid elimination in transplanta-
tion that gives all recipients an opportunity to have steroids permanently excluded
from the maintenance immunosuppression regimen. This approach does not ap-
pear to be associated with an increased risk of rejection or graft loss in the short-
or long-term.
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B. COMPLICATIONS OF CHRONIC SYSTEMIC IMMUNOSUPPRESSION

Chronic systemic immunosuppression is a double-edge sword. The same im-
munosuppressive effects that prevent rejection of the allograft pose a risk for de-
velopment of malignancy and infectious diseases. Furthermore, there are numerous
possible untoward side-effects of each immunosuppressive agent differentially
exhibited in each transplant recipient. For each transplant patient the proper im-
munosuppressive dosing and identification of the most tolerable agents and its
doses are determined over the first several months after transplant. Complica-
tions result from either under immunosuppression, over immunosuppression, or
the peculiar susceptibility to the side-effects of the drugs themselves. Approxi-
mately three-quarters of re-admissions posttransplant can be attributed to either
infection, rejection, and/or drug toxicity.

1. Maligancy

Chronic systemic immunosuppression increases the risk of cancer after trans-
plantation. The increased risk occurs from suppression of immune surveillance,
increased incidence of viral infection leading to oncogenic stimulation, and the
direct action of the immunosuppressive agents themselves. Development of sig-
nificant neoplasms in the transplant population is approximately 100 times higher
than that seen in the general population. Interestingly, the common malignancies
seen in the general population, including lung, breast, prostate, and colon cancers,
are not increased in the transplant population. The common malignancies in trans-
plant recipients include cancers of the skin and lips, malignant lymphomas, Kaposi
sarcoma, gynecologic cancer, and genital urinary cancer.

The oncogenic potential of Ebstein-Barr virus (EBV) and human herpes virus
8 (HHV-8) are important variables in the development of posttransplant
lymphoproliferative disorders (non-Hodgkin lymphoma) and Kaposi sarcomas,
respectively. The degree of overall immunosuppression, especially intensive im-
munotherapy for treatment of rejection with anti-T-cell antibodies, is a major
factor in determining development of these tumors. Also the serologic profile of
the organ donor and transplant recipient are related to the risk of development of
these malignancies. Transplantation of organs from seropositive donors to recipi-
ents seronegative for EBV, and possibly HHV-8, have important implications for
surveillance of these tumors in the posttransplant course.

2. Infectious Disease

Infectious diseases are frequent complications of systemic immunosuppres-
sion. The likelihood of infection is related to the intensity of immunosuppression
and the exposure to infectious organisms. The mortality of serious infection has
declined recently and is related to a reduction in the incidence of acute rejection
and the consequent need for intense anti-T-cell antibody therapy. The basic prin-
ciples of infectious disease management in the general population apply to the
transplant population, as well. The goal is identification of the infectious disease
organisms, their sensitivities to antimicrobials, and the localization of the site(s)
of infection.
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There are significant differences in the types of infectious organisms and the
intensity of infection that the transplant recipient encounters versus the general
population. There are a number of opportunistic infectious organisms that need
to be considered in the transplant recipient. Also, the severity of infection is often
underestimated because of the relatively benign clinical presentation. The most
common clinical presentation of infection is fever. There is a relatively uniform
methodology in the diagnostic approach to unexplained fever. Clinical symptoms
related to specific organ systems often lead to imaging studies or interventional
procedures. The work-up needs to be thorough and swift. Often broad spectrum
antibacterials, antifungals, and antiviral agents need to be employed empirically
while identification of the organism is being determined in the microbiology labo-
ratory. Infectious diseases can occur in any compartment or body cavity. The time
posttransplant and the particular symptoms and signs, such as the white blood
count, can play important roles in anticipating the likely infectious agent. A list of
the common opportunistic infections germane to the transplant recipient versus
the general population is shown in Table 6.9.

Urinary tract infections are the most common bacterial infection in the kidney
transplant recipient. Urinary tract infections can be relatively benign, presenting
as cystitis, or rapidly progressive and potentially life-threatening if pyelonephritis
with bacteremia develops. In many programs the kidney transplant recipients are
prescribed prophylactic antibiotics for the first year posttransplant. The antibi-
otic of choice is trimethoprim-sulfamethoxazole. This has been shown to decrease
the frequency of urinary tract infections and is also effective prophylaxis for re-
ducing the opportunistic infections of Pneumocystis and Nocardia.

Table 6.9. Opportunistic infectious organisms in transplant recipients

A. Bacterial
1. Legionella pneumophilia and micdadei
2. Nocardia asteroides
3. Listeria monocytogenes
4. Mycobacteria
B. Fungal
1. Candida albicans, tropicalis, parapsilosis
2. Aspergillus niger, fumigatus, flavus
3. Cryptococcus neoformans
4. Torulopsis glabrata
5. Mucor
6. Rhizopus
. Viral
1. Cytomegalovirus
2. Herpes simplex virus
3. Varicella
4. Ebstein-Barr virus
D. Protozoan and parasitic
1. Pnemocystis carinii
2. Toxoplasma gondii

C
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OUTCOMES OF KIDNEY TRANSPLANTATION

The results of kidney transplantation are defined according to the specific end-
point studied. The broad endpoints include patient survival and renal allograft
survival. More specific endpoints have been examined such as the incidence and
severity of rejection episodes, quality of renal allograft function, hospitalizations,
and even economic data. Outcomes may be reported from various sources in-
cluding national databases or in multi-center trials, and single-center experiences.
Over the past 15 years the results of kidney transplantation have steadily improved
with appreciation of the medical nuances of each case, and the development of
new immunosuppressive and antimicrobial agents.* The outcome of kidney trans-
plantation is influenced by many variables (Table 6.10). Some of these that will be
discussed include: donor source, degree of HLA mismatch, PRA level, race, etiol-
ogy of renal disease, duration of pre-transplant dialysis therapy, delayed graft func-
tion, and the transplant center effect.

Two of the most useful national databases on kidney transplantation are the
Scientific Registry of Transplant Recipients (SRTR) of the United Network for
Organ Sharing, where data on all kidney transplants in the U.S. have been col-
lected since 1987, and the United States Renal Data System (USRDS). The SRTR
supports the ongoing evaluation of the scientific and clinical status of solid organ
transplantation including kidney transplants. The SRTR contains information on
over 200,000 transplant recipients. Funding comes from the Health Resources and
Services Administration (HRSA), a division of the U.S. Department of Health
and Human Services (DHHS). The SRTR is administered by University Renal
Research and Education Association (URREA), a not for profit health research
organization, in collaboration with the University of Michigan. The United States
Renal Data System is a national data system that collects, analyzes, and distributes
information about end-stage renal disease (ESRD) including renal transplanta-
tion. The USRDS is funded directly by the National Institute of Diabetes and Di-
gestive and Kidney Diseases (NIDDK) in conjunction with the Centers for Medicare
& Medicaid Service (CMS). USRDS staff collaborates with members of CMS, the

Table 6.10. Variables influencing outcome of kidney transplantation

Donor source

HLA match

PRA level

Race

Etiology of renal disease

Recipient age

Recipient medical status and body mass index
Expanded criteria cadveric organ donor
Delayed kidney graft function

Prior kidney transplant

Duration of dialysis prior to transplantation
CMYV donor/recipient status

Clinical acute rejection

Transplant center effect
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United Network for Organ Sharing, and the ESRD networks, sharing datasets and
actively working to improve the accuracy of ESRD patient information.

Effect of donor source. The results are defined as patient and graft survival ac-
cording to the length of time posttransplant. Definition of patient survival is ob-
vious, loss of functional graft survival is defined for patients that have died or
have returned to dialysis. Table 6.11 shows the 1-year graft survival rates of cases
collected by the SRTR for the year 2000. The results are stratified according to
donor source. The outcome of kidney transplantation is superior in recipients
receiving a kidney from a living donor. Within this category recipients of sibling
HLA-identical grafts do best. Interestingly, there is very little difference among
graft survival rates in other living donor categories including 1-haplotype matches,
0-haplotype matches, and living unrelated donors.

Table 6.11. Kidney allograft survival according to donor source

1 Year 3 Years 5 Years
Donor N % N % N %
Cadaver 15,850 88.4% 15,510 78.5% 15,186 63.3%
Living 9,862 94.4% 8,265 88.3% 7,007 76.5%

Source: OPTN/SRTR Data as of August 1, 2002. Cohorts are transplants performed
during 1999-2000 for 3 month and 1 year; 1997-1998 for 3 year; and 1995-1996 for 5 year
survival.
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Fig. 6.11. Living donor kidney allograft functional survival according to donor relation-
ship. (Reprinted with permission from: Clinical Transplants 2001, editor Cecka and

Terasaki, Publisher UCLA Tissue Typing Laboratory, 2002).
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Figure 6.11 shows the results of living donor graft survival rates by donor rela-
tionship in a cohort of transplant recipients from 1988-2000. Results are expressed
in terms of half-life survival. In fact, for kidney transplants reported to the UNOS
Scientific Registry during a more recent era (1996-2000), the HLA mismatched
living donor grafts had superior outcomes versus the 0-antigen mismatched ca-
daveric grafts (Fig. 6.12). This indicates that the health of kidney donor and re-
cipient, the elective timing of the transplant, the short cold ischemia time, the
immediate function of the graft, and other factors are very important determi-
nants of outcome over and above HLA matching by itself. Within the cadaveric
transplant group, collections of large numbers of cases show subtle differences in
graft survival rates according to the degree of mismatching. Only kidneys from 0
HLA antigen mismatched cadaveric donors seem to confer a survival advantage
over the longer-term (Table 6.12).

Effect of PRA level. It has been recognized that highly sensitized patients have
relatively poorer outcome because of greater likelihood of graft loss from immu-
nological causes. Table 6.13 shows outcomes in recipients stratified according to
pre-transplant PRA level. The higher the PRA level the worse the outcome.

Effect of race. Recipient race has an impact on renal transplant outcome in both
cadaver and living donor transplants. In general, the rate of graft loss in African
Americian recipients, especially after the first year posttransplant, is nearly double
compared to Caucasians and other ethnic groups (Fig. 6.13).
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Fig. 6.12. Kidney allograft functional survival according to the donor relationship and
HLA compatibility. (Reprinted with permission from: Clinical Transplants 2001, editor
Cecka and Terasaki, Publisher UCLA Tissue Typing Laboratory, 2002).
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Table 6.12. Cadaveric kidney allograft survival according to HLA antigenic mismatch

1 Year 3 Years 5 Years

Mismatch N % N % N %

0 2,667  90.4% 2,410 83.2% 2,322 70.2%
1 481 91.4% 539 82.3% 560 63.6%
2 1,649  90.4% 1,797  81.1% 1,944 63.9%
3 3,285 89.2% 3,482 79.3% 3,484 63.2%
4 3,506  87.5% 3,549 76.6% 3,624 61.9%
5 2,860  86.4% 2,510  75.3% 2,232 60.3%
6 1,376 85.6% 1,193 73.5% 1,006 58.4%

Source: OPTN/SRTR Data as of August 1, 2002.Cohorts are transplants performed during
1999-2000 for 1 year; 1997-1998 for 3 year; and 1995-1996 for 5 year survival.

Table 6.13. Cadaveric kidney allograft survival according to PRA level

PRA at 1 Year 3 Years 5 Years
Transplant N % N % N %
0-19% 12,670 88.8% 12,753  79.1% 12,656  64.2%
20-79% 1,263 84.3% 1,170 73.9% 1,107 59.1%
80%-+ 601 84.4% 515 73.4% 533 53.1%

Source: OPTN/SRTR Data as of August 1, 2002. Cohorts are transplants performed
during 1999-2000 for 3 month and 1 year; 1997-1998 for 3 year; and 1995-1996 for 5 year
survival.

Effect of etiology of renal disease. The etiology of renal disease has less of an
effect on outcome over the short term than in years past. Patients with diabetes
used to have significantly worse outcomes a decade ago. The greatly improved
results in these recipients has been primarily due to understanding the concur-
rent medical problems associated with diabetes, particularly cardiovascular dis-
ease. However, in recipients with diabetes, the duration of time on dialysis therapy
prior to transplantation has recently been appreciated to strongly influence out-
come. In general, transplant waiting time on dialysis is one of the strongest inde-
pendent and modifiable risk factors for renal transplant outcomes. Much of the
advantage of living versus cadaveric transplantation may relate to this phenom-
enon. This is because of the elective nature of living door transplantation that can
be completed within months of work-up. The effect of transplant waiting time is
so strong that graft survival for cadaveric renal transplant recipients with a his-
tory of renal failure of less than 6 months is equivalent to living-donor transplant
recipients who wait on dialysis for more than 2 years.?
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Fig. 6.13. The influence of recipient race on outcomes of cadaveric and living donor kid-
ney transplants. (Reprinted with permission from: Clinical Transplants 2001, editor Cecka
and Terasaki, Publisher UCLA Tissue Typing Laboratory, 2002).

Effect of delayed graft function. A relatively recent finding that has great impact
on the outcome of transplantation is the quality of initial function of the kidney
transplant.®® If delayed graft function is significant such that dialysis is required
within the first week of transplantation, outcomes at 1-year and greater are sig-
nificantly inferior to immediately functioning grafts. This is greatly amplified in
recipients of living kidney donors where the expected rate of delayed graft func-
tion is near zero. If delayed graft function ensues in this group, technical problems
or unusual immunological problems have occurred. In the cadaveric kidney group,
delayed graft function, usually because of ATN, is not unusual. However, pro-
longed delayed graft function results in higher rates of rejection, an event that can
be obscured in a poorly functioning kidney, that is associated with a higher inci-
dence of immuologic graft loss.

The transplant center effect. One of the strongest determinants of outcome is
the transplant center effect. There are approximately 250 UNOS approved kidney
transplant programs in the U.S.. Each program is required to submit outcomes
data to the SRTR database. The SRTR publishes the outcomes data in various
media,” including the internet.?® Analyses are conducted according to national
and single-center patient populations. For kidney transplantation, single-center
analyses of outcomes include patient and graft survival rates for cadaver and liv-
ing donor transplants over the very short- (3 months), short- (1 year), and inter-
mediate-term (3 years). Results are expressed in actual terms as well as expected
outcomes based on the patient mix of the individual institution. There are statis-
tical analyses that determine whether the actual results are higher, the same, or
lower than expected. Examination of single-center outcomes sheds light on the
transplant center effect. From this it is possible to gain some insight into the ex-
treme variability of outcomes between transplant centers.

Of the approximately 250 kidney transplant centers, 13 demonstrated 1-year
graft survival rates statistically significantly higher than expected, and 12 demon-
strated outcomes statistically significantly lower than expected. Cadaveric kid-
ney transplant outcome had the strongest effect on whether overall statistical
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significance was reached. The group with “superior” outcomes for cadaveric trans-
plantation included 13 centers, of which 2 also had “superior” outcomes for living
donor transplantation. Table 6.14 shows the 1-year cadaveric kidney graft sur-
vival results for the 13 transplant programs that had higher than expected re-
sults. Large and relatively small transplant programs in large and small cities are
represented.

The spread of actual outcomes for these centers, 97-95% 1-year graft survival,
was higher than the spread of expected outcomes, 91-88%. There were 10 centers
with actual 1-year cadaveric kidney transplant graft survival rates statistically sig-
nificantly less than expected results. The actual graft survival spread was 59-80%,
compared to the expected spread of 85-91%. Importantly, the lower graft survival
rate in 3 centers in the later group was influenced by a greater rate of graft loss
accounted for by death-with-function rather than immunologic or other causes
of graft loss. This was reflected by the lower 1-year patient survival rates in this
group (actual 80-88% versus expected 93-95%).

Table 6.14. One-year cadaveric kidney transplant graft survival rates in transplant
centers with results statistically significantly higher than expected results.'

Actual Graft Expected Graft P-Value

Transplant Center (City) N Survival Survival®

*Emory University Hosp. (Atlanta) 241 94.26 87.85 <0.01

*Tampa General Hosp. (Tampa) 332 94.02 89.08 <0.01

Univ. of Wisconsin. Hosp. (Madison) 351 92.78 87.43 <0.01

Univ. of Alabama Hosp. 385 94.29 89.62 <0.01
(Birmingham)

*Univ. of California Med. Center 345 93.02 89.19 0.013
(San Francisco)

*Hosp. of the Univ. of Pennsylvania 209 94.4 88.08 0.015
(Philadelphia)

Northwestern Memorial Hosp. 117 96.15 89.95 0.020
(Chicago)

Albany Medical Center Hosp. 124 96.77 90.25 0.022
(Albany)

Washington Hosp. Center 74 94.54 84.92 0.023
(Washington DC)

*Jackson Memorial Hosp. 242 93.45 89.32 0.028
of Univ. Miami (Miami)

Baylor Univ. Medical Center (Dallas) 168 95.66 90.46 0.030

*Oregon Health Sciences Univ. Hosp. 213 92.28 87.58 0.038
(Portland)

! Adult (age >18 years) recipients transplanted between 7/1/99 and 12/31/01.

? Based on SRTR data on U.S. graft failure rates adjusted for donor and recipient
characteristics (see http//www.ustransplant.org).

* Transplant centers with results statistically significantly higher than expected results for
cadaver kidney transplants at 3 years posttransplant
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SUMMARY

Advances in kidney transplantation will continue to be made for many years as
more specific and less toxic immunosuppressive agents, and tolerance induction
protocols are developed. Other advances in improving participation in organ do-
nation consent rates, greater use of expanded criteria cadaveric organ donors (in-
cluding non-heart-beating donors), emphasis on the use of living donors, and
new pre-conditioning protocols that allow transplants for sensitized recipients
will help solve the problem of limited availability of organs for transplantation.
Solutions to these issues will permit a greater number of ESRD patients to receive
a kidney transplant, allowing them to enjoy the highest quality and duration of
life that is possible.
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RATIONALE OF PANCREAS TRANSPLANTATION FOR PATIENTS

WITH TYPE 1 DIABETES MELLITUS

At the turn of the century a patient diagnosed with Type 1 diabetes mellitus
had average life expectancy of only two years. The development of insulin as a
therapeutic agent revolutionized the treatment of diabetes mellitus by changing it
from a rapidly fatal disease into a chronic illness. Unfortunately this increased
longevity brought to the fore serious secondary complications including nephr-
opathy, neuropathy, retinopathy and macro- and microvascular complications in
survivors 10 to 20 years after disease onset. The annual national direct and indi-
rect costs of Type 1 and 2 diabetes in 2002 - including hospital and physician care,
laboratory tests, pharmaceutical products, and patient workdays lost because of
disability and premature death - exceeded $130 billion.!

Currently, the prevalence of Type 1 diabetes in the United States is estimated to
be 1,000,000 individuals, and 30,000 new cases are diagnosed each year. Presently
there is no practical mechanical insulin-delivery method coupled with an effec-
tive glucose-sensory device that could replace the function of the impaired cells to
administer insulin with a degree of control to produce a near constant euglycemic
state without risk of hypoglycemia. Therefore, persons with Type 1 diabetes are
resigned to manually regulate blood glucose levels by subcutaneous insulin injec-
tion, and as a consequence, typically exhibit wide deviations of plasma glucose
levels from hour to hour and from day to day. Since hypoglycemia is intolerable,
glucose control must error on the high side and patients live with relative chronic
hyperglycemia as evidenced by elevated HgbA1¢ levels. Hyperglycemia is the most
important factor in the development and progression of the secondary complica-
tions of diabetes. These observations and the known fact that conventional exog-
enous insulin therapy cannot prevent the development of the secondary
complications of Type 1 diabetes, has lead to a search for alternative methods of
treatment designed to achieve better glycemic control to the extent that the pro-
gression of long-term complications can be altered.

The only treatments that have been demonstrated to influence the progression
of secondary complications normalize or near normalize glycosylated hemoglo-
bin levels — beta cell replacement therapy with pancreas or islet transplantation
and intensive insulin therapy. Islet transplantation is discussed in Chapter 8. Pan-
creas transplantation is superior to that and intensive insulin therapy with regard
to the efficacy of achieving glycemic control, and its beneficial effects on diabetic
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secondary complications. Only pancreas transplantation consistently normalizes
glycosylated hemoglobin levels, and compared to intensive insulin therapy, has
the added physiological properties of pro-insulin and C-peptide release. A suc-
cessful pancreas transplant produces a normoglycemic and insulin-independent
state. It will reverse the diabetic changes in the native kidneys of patients with very
early diabetic nephropathy; prevent recurrent diabetic nephropathy in patients
undergoing a simultaneous pancreas-kidney transplant; reverse peripheral sen-
sory neuropathy; stabilize advanced diabetic retinopathy; and significantly im-
prove the quality of life.

However, there are important considerations of pancreas transplantation that
currently preclude it as therapy for all patients with type 1 diabetes. First, it is
unrealistic that all patients with diabetes could receive a pancreas transplant. There
are too many patients with type 1 diabetes and too few organs. Second, pancreas
transplantation involves significant surgery. Third, lifelong immunosuppression
is required to prevent graft rejection. Therefore, the indications for pancreas trans-
plantation are very specific and narrow. There are three circumstances where con-
sideration for pancreas transplantation is reasonable: i) for select medically suitable
patients with type 1 diabetes that are also excellent candidates for kidney trans-
plantation; ii) for patients with type 1 diabetes that enjoy good function of a kid-
ney transplant and are receiving immunosuppression; and iii) for select patients
with type 1 diabetes that are extremely brittle or associated with significant fre-
quency and severity of hypoglycemic unawareness such that the risks of surgery
and immunosuppression are less morbid than the current state of ill health.

INDICATIONS AND CONTRAINDICATIONS TO PANCREAS

TRANSPLANTATION

Approximately 1,300 pancreas transplants are performed annually in the U.S.
(Fig.7.1). Eighty-five-90% involve a simultaneous pancreas and kidney transplant
(SPK) for patients with type 1 diabetes and chronic or end-stage renal failure.
These persons are excellent candidates for a simultaneous pancreas and kidney
transplant from the same donor because the immunosuppressive medications
needed are similar to those for a kidney transplant alone, and the surgical risk of
adding the pancreas is low. The benefits of adding a pancreas transplant to ame-
liorate diabetes are profound — it saves lives.? Unfortunately, access to SPK trans-
plantation is primarily obstructed by the donor organ shortage. Only a small
proportion of patients that could benefit from an SPK transplant ever receive one.
Figure 7.2 illustrates, by year, the growing size of the waiting list, the number of
SPK transplants performed, and the relatively stagnant number of cadaver organ
donors per year.?

The second category for pancreas transplantation is patients with Type 1 diabe-
tes who have received a previous kidney transplant from either a living or cadav-
eric donor. This group accounts for approximately 10% of patients receiving
pancreas transplants. It is the fastest growing of the three groups. The important
consideration is that of surgical risk, since the risk of immunosuppression has
already been assumed.
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Fig. 7.1. Annual number of pancreas transplants performed in the U.S. according to cat-
egory (from the International Pancreas Transplant Registry).

The third category for pancreas transplantation is in non-uremic, non-kidney
transplant patients with type 1 diabetes. In this situation one assesses the risk of
immunosuppression to be less than the current clinical condition with conven-
tional exogenous insulin administration. These patients with diabetes have ex-
tremely labile disease, such that there is difficulty with day-to-day living, associated
with frequent emergency room visits and inpatient hospitalizations for hypogly-
cemia or diabetic ketoacidosis. Other patients may have significant difficulty with
hypoglycemic unawareness that results in unconsciousness without the warning.
This can be a devastating condition for these select patients that affects their em-
ployment, their ability to have a license to drive, and concern about suffering le-
thal hypoglycemia while asleep. The indications for a pancreas transplant alone
are essentially identical to those patients being considered for an islet transplant.
However, in the former situation, there are fewer contraindications with respect
to body mass index and insulin requirements.

An extremely interesting patient population for which the benefits of pancreas
transplantation are being more thoroughly explored are those with early diabetic
nephropathy. These patients show the presence of micro-albuminuria indicating
the renal diseases at a stage where progression is inevitable without amelioration
of the diabetic state. It is clear that either dialysis or kidney transplantation will
ultimately be required. It has been established that pancreas transplant performed
at this early stage of diabetic nephropathy is capable of halting and reversing the
diabetic process affecting the native kidneys. It is possible that added beneficial
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Fig. 7.2. The number of patients in the U.S. waiting for an SPK transplant, receiving an
SPK transplant and the number of cadaver organ donors per year.

effects on associated secondary complications may also be achieved, but conclu-
sive studies have not been performed.

The contraindications to pancreas transplantation include the majority of pa-
tients with type 1 diabetes that have normal renal function and do not exhibit a
brittle course, or hypoglycemic unawareness, or any evidence of nephropathy. For
patients that do have an indication for pancreas transplantation, it is important to
rule out significant medical contraindications in a similar manner as applies to
other areas of transplantation. These issues include: recent malignancy, active or
chronic untreated infection, advanced forms of major extrarenal complications
(i.e. coronary artery disease), life expectancy of less than 1 year, sensitization to
donor tissue, noncompliance, active substance abuse, and uncontrolled psychiat-
ric disorder.
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EVALUATION OF CANDIDATES FOR PANCREAS TRANSPLANTATION

There are significant pre-existing morbidities of pancreas transplant candidates
with advanced renal disease. It should be assumed that coincident extrarenal dis-
ease is present. Diabetic retinopathy is a nearly ubiquitous finding in patients with
diabetes and end-stage renal disease. Significant vision loss may have occurred.
Also patients may be overtly blind. Blindness is not an absolute contraindication
to transplantation since many blind patients lead very independent life styles. Al-
though rarely a problem, it should be confirmed that a patient with significant
vision loss has an adequate support system to ensure help with travel and the
immunosuppressive medications.

Autonomic neuropathy is prevalent and may manifest as gastropathy, cystopathy,
and orthostatic hypotension. The extent of diabetic autonomic neuropathy is com-
monly underestimated. Neurogenic bladder dysfunction is an important consid-
eration in patients receiving a bladder-drained pancreas-alone transplant or an
SPK transplant. Inability to sense bladder fullness and empty the bladder predis-
poses to urine reflux and high post void residuals. This may adversely affect renal
allograft function, increase the incidence of bladder infections and pyelonephri-
tis, and predispose to graft pancreatitis. The combination of orthostatic hypoten-
sion and recumbent hypertension results from dysregulation of vascular tone. This
has implications for blood pressure control posttransplant, especially in patients
with bladder drained pancreas transplants that are predisposed to volume deple-
tion. Therefore, careful re-assessment of posttransplant antihypertensive medica-
tion requirement is important. Sensory and motor neuropathies are common in
patients with longstanding diabetes. This may have implications for the rehabili-
tation posttransplant. It also is an indicator for potential risk for injury to the feet
and subsequent diabetic foot ulcers.

Impaired gastric emptying (gastroparesis) is an important consideration be-
cause of its significant implications in the posttransplant course. Patients with
severe gastroparesis may have difficulty tolerating the oral immunosuppressive
medications that are essential to prevent rejection of the transplants. Episodes of
volume depletion with associated hypercreatinemia in patients with SPK trans-
plants frequently occur. Patients typically require careful treatment modalities that
include motility agents such as metoclopramide or erythromycin.

Advanced coronary artery disease is the most important comorbidity to con-
sider in patients with type 1 diabetes with diabetic nephropathy. It has been esti-
mated that uremic, diabetic patients carry a near 50 fold greater risk of
cardiovascular events then the general population. The diabetic, uremic patient
has several risk factors in addition to diabetes for development of coronary artery
disease including, hypertension, hyperlipidemia and smoking. Because of the neu-
ropathy associated with diabetes, patients are often asymptomatic because is-
chemia-induced angina is not perceived. The prevalence of significant (>50%)
coronary artery stenosis in patients with diabetes starting treatment for end-stage
renal disease is estimated to be 45-55%.

Uremic, diabetic patients also experience an increased rate of cerebral vascu-
lar accidents (strokes) and transient ischemic attacks. Deaths related to cerebral
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vascular disease are approximately twice as common in patients with diabetes
versus no diabetes once end-stage renal disease has occurred. Patients with diabe-
tes suffer strokes more frequently and at a younger age then do age and gender
match non-diabetic stroke patients. Hypertension is the major risk factor for stroke
followed by diabetes, heart disease and smoking.

Lower extremity peripheral vascular disease is significant in patients with dia-
betes. Uremic diabetic patients are at risk for amputation of a lower extremity.
These problems typically begin with a foot ulcer associated with advanced soma-
tosensory neuropathy.

Mental or emotional illnesses including neuroses and depression are common.
Diagnosis and appropriate treatment of these illnesses is an important
pretransplant consideration with important implications for ensuring a high de-
gree of medical compliance.

The components of the pretransplant evaluation are very similar to that carried
out in kidney-alone transplant patients with special attention to the above medi-
cal issues. The history of disease, review of systems, and physical examination are
conducted in a similar focused manner. The interventional studies with respect to
the workup of cardiovascular disease does require a uniform screening method
because of the high prevalence of severe and often silent cardiovascular disease in
the diabetic patient. Figure 7.3 illustrates an example of an algorithm for screen-
ing transplant candidates with diabetes for coronary artery disease (CAD).

The basic goal of screening is to detect significant, treatable CAD in patients
not suspected to have coronary lesions. Noninvasive screening that has high sen-
sitivity and specificity for significant coronary artery disease can be used on low
risk patients. Patients considered to be at moderate or high risk for significant
CAD should undergo coronary arteriography to determine the severity and loca-
tion of the lesions. Patients with coronary lesions amenable to angioplasty with
stenting or bypass grafting should be treated and re-evaluated and then reconsid-
ered for transplantation. The goal of revascularization is to diminish the
perioperative risk of the transplant procedure and to prolong the duration of life
posttransplant. Patients that have experienced long waiting periods prior to pan-
creas transplantation should have their cardiac status assessed at regular intervals.

Aliberal policy that virtually all diabetic, uremic patients should undergo coro-
nary angiography is not unreasonable because the current noninvasive tests are
relatively insensitive. Also, the techniques of coronary angiography have changed
in the last few years, allowing for selected arteriography with very low dose, less
toxic contrast agents using biplanar imaging techniques. The nephrotoxic risk of
the angiography has been reduced considerably (if a left ventriculogram is omit-
ted) in a preuremic patient with creatinine clearance >20 ml/min.

TRANSPLANT SURGERY AND SURGICAL COMPLICATIONS

The timing of allocation of the pancreas to a specific patient relative to the
procurement of the organ has important implications. Determining donor HLA
typing, viral serologies, and crossmatch results with patients on the pancreas trans-
plant waiting list will permit the ideal situation of allocating the cadaveric pan-
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creas (plus kidney with SPK transplant) prior to procurement of the organs. This
sequence of events has several advantages: i) it will allow the transplant center
performing the pancreas transplant the choice to also procure the pancreas; ii) it
will allow patients to be admitted to the hospital and the re-evaluation process to
begin simultaneously, rather than sequential, to the procurement of the organs;
iii) it will minimize the cold ischemia time of the pancreas prior to implantation.
Pancreas allografts do not tolerate cold ischemia as well as kidney allografts. It is
ideal to revascularize the pancreas within 24 hours from the time of crossclamping
at procurement. Finally, it will also allow identification of 0-antigen mismatched
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donor-recipient pairs to be identified prior to procurement that will minimize
cold ischemia time if the organs need to be transported across country.

A. PREOPTERATIVE TRANSPLANT CARE

The pancreas transplant recipient is admitted to the hospital, re-evaluated and
a final decision made whether or not to proceed with surgery. The re-evaluation
process is similar to that for kidney-alone transplant recipients, emphasizing
workup for infectious disease or other acute medical issues that would contrain-
dicate surgery. There are several special considerations for the diabetic patient.
Careful management of diabetes pretransplant is important for patients not al-
lowed eat or drink prior to surgery. A bowel preparation is performed for patients
that will undergo enteric drainage of the pancreas transplant

B. CADAVERIC PANCREAS DONOR SELECTION

Identification of suitable cadaveric organ donors for pancreas transplantation
is one of the most important determinants of outcome. The contraindications of
cadaveric pancreas procurement for transplantation are outlined in Table 7.1.

Several anatomic and physiologic factors have been identified that affect the
results of pancreas transplantation. In general, the criteria that determine an ap-
propriate donor for pancreas transplantation are more stringent than for kidney
or liver donors. Cadaveric pancreas organ donors are typically between the ages of
10 and 55 years. The lower age limits typically reflect the anticipated small size of
the splenic artery that may preclude successful construction of the arterial Y-graft
needed for pancreas allograft revascularization. The use of older donors has been
associated with increased technical failure due to pancreas graft thrombosis, a
higher incidence of posttransplant pancreatitis, and decreased pancreas graft sur-
vival rates. This may be consequent to reduced tolerability of cold ischemia time,
but this has not been rigorously studied. The weight of the cadaveric organ donor
is an important consideration. Obese donors over 100 kg are frequently not found
to be suitable pancreas donors. Obese patients may have a history of type 2 diabe-
tes, or the pancreas may be found to be unsuitable for transplantation because of
a high degree of adipose infiltration of the pancreas. Obviously, weight alone does
not exclude a donor, it is evaluated in conjunction with the height. There is also a
lower weight limit that guides the decision for pancreas recovery. Recipients less
than 30 kg must be carefully considered since this is also a reflection of potential
small size of the splenic artery.

Importantly, pancreata from relatively older donors (age 55-65) and obese or-
gan donors are associated with very successful islet isolation recovery required for
an islet transplant. Therefore, application of beta cell replacement therapy, in gen-
eral, and islet transplantation, in particular, should be considered for nearly all
cadaveric organ donors.

Hyperglycemia and hyperamylasemia are very frequently observed in cadaveric
organ donors. Hyperglycemia is not a contraindication to pancreas procurement
for patients who are known not to have type 1 or type 2 diabetes. Hyperglycemia
is generally benign and caused by a combination of factors including administra-
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Table 7.1.  Contraindications of pancreas procurement for transplantation

History of type 1 diabetes mellitus

History of type II diabetes mellitus

History of previous pancreatic surgery

Intra-abdominal trauma to the pancreas

Donor age <10 years and >55 years

Donor weight <30 kg and >100 kg (taken in consideration with height)
Intraoperative assessment

A. Vascular supply

B. Severe edema, significant adipose infiltration, significant fibrosis or mass
C. Pancreatic hemorrhage or trauma

NS e »N =

tion of pharmacologic doses of steroids to reduce brain swelling, high rate infu-
sions of glucose-containing solutions (especially in patients with diabetes insipi-
dus), and increased sympathetic activity associated with brain injury.
Hyperamylasemia is concerning but reports have indicated that it has no mean-
ingful influence on pancreas graft function posttransplant. The cause of
hyperamylasemia due to pancreatitis, or due to pancreatic injury in the case of a
donor with trauma, will be ruled out at the time of procurement.

The hemodynamic stability and need for inotropic support is an important
consideration. This has more influence on the anticipated function of the kidney
allograft than it does on initial endocrine function of the pancreas allograft in the
case of an SPK transplant.

Perhaps the most important determinant of the suitability of the pancreas for
transplantation is by direct examination of the organ during the surgical procure-
ment. The experience of the procurement team is important for correct assess-
ment of the suitability of the pancreas graft for transplantation. It is during
procurement that judgment regarding the degree of fibrosis, adipose tissue, and
specific vascular anomalies can be accurately assessed. Pancreata with heavy infil-
tration of adipose tissue are believed to be relatively intolerant of cold preserva-
tion, and carry with it the potential of a high degree of saponification due to
reperfusion pancreatitis that follows revascularization. These organs may be more
suitable for islet isolation.

The important vascular anomaly that must be evaluated during procurement
is the occurrence of a replaced or accessory right hepatic artery originating from
the superior mesenteric artery (SMA). The presence of a replaced right hepatic
artery is no longer an absolute contraindication for the use of the pancreas for
transplantation. Experienced procurement teams will be able to successfully sepa-
rate the liver and the pancreas either in-situ, or on the backbench, without sacri-
ficing quality of either organ for transplantation.

However, there are a few important caveats that determine if this is possible.
First, it is important to emphasize that the pancreas is not a life-saving organ.
Therefore, the highest priority must be to ensure an acceptable vascular supply to
the liver allograft. The replaced right hepatic artery needs to be dissected down to
the SMA. If the replaced right hepatic artery traverses deep into the parenchyma
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of the head of the pancreas requiring extensive dissection, this may preclude the
pancreas for transplantation. The SMA is divided distal to the take-off of the re-
placed right hepatic artery preserving it intact on a short length of SMA with a
carrel patch for the liver graft. Occasionally, there is a large inferior pancreati-
coduodenal arterial branch vascularizing the head of the pancreas that originates
proximal to the take-off of the replaced right hepatic artery. The inferior pancre-
aticoduodenal vessels are critical to vascularization of the head of the pancreas
because the gastroduodenal artery is routinely ligated during the process of he-
patic artery immobilization for the liver transplant. Therefore, in the case of a
very proximal take-off of the inferior pancreaticoduodenal artery dividing the
SMA at the appropriate location for proper liver procurement would significantly
impair vascularization of the head of the pancreas and preclude its use for trans-
plantation. Evaluation of the arterial vascularity of the pancreaticoduodenal al-
lograft can be tested on the backbench by several methods: i) injection of
Renografin® into the superior mesenteric artery or Y-graft and obtaining an x-
ray; ii) intraarterial injection of fluorescein visualization with a Wood’s lamp; and
iii) performing a methylene blue angiogram.

The use of marginal and non-heart-beating donors for pancreas transplanta-
tion has been reported. There is a higher rate of ruling out the pancreas for trans-
plantation at the time of procurement than in stable conventional organ donors.
If the pancreas is deemed suitable, there is the added consideration of the effect of
delayed kidney graft function in a uremic SPK candidate. The use of marginal and
non-heartbeating donors for pancreas alone transplantation is selective, made on
a case-by-case basis.

The use of living related and unrelated pancreas donors has also been described.
A distal pancreatectomy is performed for a segmental pancreas transplant. Anec-
dotal cases of combined live donor partial pancreatectomy and nephrectomy have
also been reported. These procedures are not widely performed and are confined
to one or two pancreas transplant programs.

C. PROCUREMENT OF THE PANCREATICODUODENAL GRAFT

There are several standard surgical methods for procurement of the pancreas
for transplantation. The general principles are similar irrespective of the specific
techniques utilized. The pancreas must be procured with an intact vascular sup-
ply that does not compromise the vascularity of the liver. The pancreas is pro-
cured with the spleen and duodenum intact. The organ is perfused with
preservation solution and cold-stored. The donor iliac vessels and sometimes the
portal vein are obtained for revascularization of the arterial supply.

There are two general methods of organ procurement. Many programs prefer
to perform an en-bloc removal of the liver and pancreas together and separate the
two organs at the backbench. Other programs prefer to perform a more deliberate
dissection of the pancreas and liver by mobilizing the relevant vasculature prior to
preservation. The liver and pancreas are separated in-situ. The relevant compo-
nents of the in-situ procurement process are briefly described.
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1. Long midline incision (+/- cruciate incision);
2. Mobilization of ascending colon, control of infrarenal aorta, and identifica-
tion of superior mesentaric artery;
3. Control of supraceliac aorta;
4. Identification of hepatic artery (ligation of gastroduodenal artery), splenic
artery, portal vein, and division of common bile duct;
5. Identification of replaced and/or accessory left and right hepatic arteries;
6. Exposure of the anterior aspect of the pancreas for visual and manual in-
spection;
7. Mobilization of the spleen by division of short gastric vessels and dissection
of its ligamentous attachments;
8. Mobilization of head, tail, and body of the pancreas;
9. NG tube positioning into the proximal duodenum and irrigation of antibi-
otic solution;
10. Removal of NG tube and division of the proximal duodenum just distal to
the pylorus;
11. Heparinization of the donor and infusion of intra-aortic (+ intraportal)
preservation solution;
12. Division of proximal jejunum, middle colic vessels, and superior mesen-
teric vessels distal to the pancreatic uncinate process;
13. Division of celiac, SMA, splenic arteries; and portal vein;
14. Procurement of liver, pancreaticoduodenosplenic allograft, and kidneys;
15. Procurement of donor iliac vessels;
16. Closure of incision.

D. BACKBENCH PREPARATION OF THE PANCREAS ALLOGRAFT

The backbench preparation of the pancreas allograft for transplantation re-
quires careful and meticulous surgical technique to ensure a properly revascularized
pancreas with adequate duodenum and minimal extraneous fibrotic or adipose
tissue.* The pancreaticoduodenosplenic allograft is placed in a basin with chilled
UW preservation solution. The duodenum should be opened, drained, and irri-
gated into a separate container. Some programs routinely culture the fluid and a
small piece of duodenal tissue.

The main principles in allograft preparation are as follows (Fig. 7.4): to sepa-
rate the spleen from the pancreas tail with secure ligatures on the large splenic
vessels. Next it may be useful to cannulate the common bile duct with a 5F feeding
tube to identify the location of the ampulla and ensure its center position as the
proximal and distal duodenum are shortened to an appropriate length (the tube is
removed). The staple line on the root of the mesentery is oversewn for reinforce-
ment. The middle colic vessels are secured. A Y-graft is constructed utilizing the
donor iliac artery bifurcation graft as end-to-end anastomoses on the splenic ar-
tery and superior mesenteric artery of the pancreas allograft. If a sufficient length
of splenic artery can be mobilized, it is possible to perform a direct end-to-side
anastomosis to the superior mesenteric artery. The portal vein is carefully mobi-
lized to allow for appropriate length and determination if a short portal venous
extension graft utilizing donor external iliac vein would be useful.
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Fig. 7.4. Backbench preparation of the pancreaticoduodenal allograft.

E. Pancreas Transplant Surgery

The surgical techniques for pancreas transplantation are diverse and there is no
standard methodology used by all programs (Figs. 7.5-7.7).

The principles are consistent, however, and include providing adequate arterial
blood flow to the pancreas and duodenal segment; adequate venous outflow of
the pancreas via the portal vein; and management of the pancreatic exocrine
secretions. The native pancreas is not removed. Pancreas graft arterial
revascularization is typically accomplished utilizing the recipient right common
or external iliac artery. The Y-graft of the pancreas is anastomosed end-to-side.
Positioning of the head of the pancreas graft cephalad or caudad is not relevant
with respect to successful arterial revascularization. There are two choices for
venous revascularization, systemic and portal. Systemic venous revascularization
commonly involves the right common iliac vein, or right external iliac vein fol-
lowing suture-ligation and division of the hypogastric veins. If portal venous drain-
age is utilized, it is necessary to dissect out the superior mesenteric vein (SMV) at
the root of the mesentery. The pancreas portal vein is anastomosed end-to-side to
a branch of the SMV. This may influence the methodology of arterial
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Fig. 7.5. Pancreaticoduodenal allograft with exocrine bladder-drainage and systemic venous
drainage.

revascularization using a long Y-graft placed through a window in the mesentery
to reach the right common iliac artery. Portal venous drainage of the pancreas is
more physiologic with respect to immediate delivery of insulin to the recipient
liver. This results in diminished circulating insulin levels relative to that in sys-
temic venous-drained pancreas grafts. There has not been documented any clini-
cally relevant difference in glycemic control.

Handling the exocrine drainage of the pancreas is the most challenging aspect
of the transplant procedure. There are several methods. Pancreatic exocrine drain-
age is handled via anastomosis of the duodenal segment to the bladder or anasto-
mosis to the small intestine. The bladder-drained pancreas transplant was a very
important modification introduced about 1985. This technique significantly im-
proved the safety of the procedure by minimizing the occurrence of intra-ab-
dominal abscess from leakage of enteric-drained pancreas grafts. With the
successful application of the new immunosuppressant agents, and the reduction
of the incidences of rejection, enteric drainage of the pancreas transplants has
enjoyed a successful rebirth.
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Fig. 7.6. Pancreaticoduodenal allograft with exocrine enteric-drainage and venous sys-
temic drainage.

Enteric drainage of the pancreas allograft is physiologic with respect to the de-
livery of pancreatic enzymes and bicarbonate into the intestines for reabsorption.
Enterically drained pancreases can be constructed with or without a Roux-en-Y.
The enteric anastomosis can be made side-to-side or end-to-side with the duode-
nal segment of the pancreas. The risk of intra-abdominal abscesses is extremely
low and the avoidance of the bladder-drained pancreas has significant implica-
tions with respect to the potential complications that include: bladder infection,
cystitis, urethritis, urethral injury, balanitis, hematuria, metabolic acidosis, and
the frequent requirement for enteric conversion. Currently, approximately 75%
of pancreas transplants are performed with enteric drainage and the remainder
with bladder drainage. Figures 7.8 and 7.9 show the annual number and relative
proportions of recipients with enteric and bladder drainage of the exocrine pan-
creas allograft according to year and transplant category.
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Fig. 7.7. Pancreaticoduodenal allograft with exocrine enteric-drainage and portal venous
drainage.

The options of enteric versus bladder drainage depend on the choice of venous
drainage and the clinical scenario of the pancreas transplant. For portally drained
pancreas transplants, bladder drainage is not an option. For recipients of an SPK
transplant, enteric drainage is the technique of choice because there is no urinary
monitoring benefit and the morbidities as described above are significant. In the
cases of PAK and PTA, bladder drainage has two important advantages: i.) uri-
nary monitoring for rejection; and ii.) placement of the graft allowing access for
percutanious biopsy for diagnosis of rejection. In the latter situations, the advan-
tages of monitoring outweigh the morbidities associated with bladder drainage,
at least in the short-term when the risk of immunologic graft loss is significant.

When the pancreas transplant is performed simultaneously with a kidney trans-
plant, it is not uncommon for the kidney transplant to be implanted first. The
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Fig. 7.8. Annual number of pancreas transplants according to exocrine drainage method.

kidney is based on the recipient left iliac vessels. Both organs may be transplanted
through a midline incision and placed intraperitoneally.

Occasionally, it is necessary to consider placement of pancreas transplant based
on the left iliac vessels because of a previously placed kidney transplant on the
right side. In this sequential pancreas-after-kidney transplant procedure, the in-
tra-abdominal approach is used. The pancreas is typically drained into the blad-
der if a pancreas transplant alone or pancreas-after-kidney transplant is performed
in order to utilize measurement of urinary amylase as a method of detecting re-
jection. However, some programs have had good experience with enteric drainage
of the pancreas transplant alone utilizing other markers for rejection, such as clinical
signs and symptoms of pancreas graft pancreatitis and serum amylase or lipase
levels coupled with biopsy.

F. COMPLICATIONS OF PANCREAS TRANSPLANTATION

Surgical complications are more common after pancreas transplantation com-
pared to kidney transplantation. Non-immunological complications of pancreas
transplantation account for graft losses in 5-10% of cases. These occur commonly
within 6 months of transplant and are as an important etiology of pancreas graft
loss in SPK transplantation as acute rejection.

1. Thrombosis

Vascular thrombosis is a very early complication typically occurring within 48
hours, and usually within 24 hours of the transplant. This is generally due to venous
thrombosis of the pancreas portal vein. The etiology is not entirely defined but is
believed to be associated with reperfusion pancreatitis and the relatively low-flow
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Fig. 7.9. Proportion of exocrine drained pancreas allografts according to year and trans-
plant category.

state of the pancreas graft. To minimize graft thrombosis, prudent selection of
donor pancreas grafts, short cold ischemia times, and meticulous surgical tech-
nique are necessary. Regarding the latter, it may be helpful to utilize the distal
cava/proximal common iliac vein or the common iliac vein after ligation and di-
vision of the hypogastrics. Patients are often given anti-platelet agents and/or he-
parin during the perioperative period to minimize the occurrence of vascular
thrombosis. The quality of the pancreas graft, the age of the donor, and the cold
ischemia time also influence graft thrombosis rates. Approximately 3-5% of pan-
creas grafts will need to be removed because of portal venous thrombosis. Arterial
thrombosis is less common and is usually associated with anastomosis to athero-
sclerotic vessels.

2. Transplant Pancreatitis

Pancreatitis of the allograft occurs to some degree in all patients postopera-
tively. It is common to see a temporary elevation in serum amylase levels for 48-96
hours posttransplant. These episodes are transient and mild without significant
clinical consequence. Interestingly, it is common for patients receiving a simulta-
neous kidney-pancreas transplant to have a greater degree of fluid retention for
several days posttransplant, compared to a kidney transplant alone recipient.
Though not proven, this may be related to the graft pancreatitis that ensues dur-
ing the perioperative period. The retained fluid is mobilized early post-opera-
tively. It is important to minimize the risk of delayed kidney graft function by
shortening cold ischemia time such that the retained third-spaced fluid may be
rapidly eliminated to avoid an episode of heart failure or pulmonary edema.
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3. Complications of the Bladder-Drained Pancreas Transplant

Bladder-drained pancreas transplantation is a safer procedure than enteric-
drained pancreas transplantation with respect to avoiding the possibility of an
intra-abdominal abscess. However, it is hampered by numerous less morbid com-
plications. The pancreas transplant will eliminate approximately 500 cc of richly
bicarbonate fluid with pancreatic enzymes into the bladder each day. Change in
pH of the bladder accounts, in part, for a greater increase in urinary tract infec-
tions. In some cases, a foreign body such as an exposed suture from the
duodenocystotomy acts as a nidus for urinary tract infections or stone formation.

Acute postoperative hematuria of the bladder-drained pancreas is usually due
to ischemia/reperfusion injury to the duodenal mucosa or to a bleeding vessel on
the suture line that is aggravated by the anti-platelet or anticoagulation protocols
to minimize vascular thrombosis. These cases are self-limited but may require
change in bladder irrigations and, if severe, cystoscopy to evacuate the clots. Oc-
casionally it is necessary to perform a formal open cystotomy and suture ligation
of the bleeding vessel intraoperatively. If relatively late chronic hematuria occurs,
transcystoscopic or formal operative techniques may be necessary treatment.

Sterile cystitis, urethritis and balanitis may occur after bladder-drained pan-
creas transplantation. This is due to the effect of the pancreatic enzymes on the
urinary tract mucosa. This is more commonly experienced in male recipients.
Urethritis can progress to urethral perforation and perineal pain. Conservative
treatment with Foley catheterization or operative enteric conversion are the ex-
tremes of the continuum of treatment. Figure 7.10 illustrates the surgical proce-
dure of enteric conversion.

Metabolic acidosis routinely develops as a consequence of bladder excretion of
large quantities of alkaline pancreatic secretions. It is necessary that patients re-
ceive oral bicarbonate supplements to minimize the degree of acidosis. Because of
the relatively large volume losses, patients are also at risk of episodes of dehydra-
tion exacerbated by significant orthostatic hypotension.

Reflux pancreatitis can result in acute inflammation of the pancreas graft, mim-
icking acute rejection. It is associated with pain and hyperamylasemia. It is be-
lieved to be secondary to reflux of urine through the ampulla and into the
pancreatic ducts. Often, the urine is found to be infected with bacteria. This fre-
quently occurs in a patient with neurogenic bladder dysfunction. This complica-
tion is managed by Foley catheterization. Reflux pancreatitis will quickly resolve.
The patient may require a complete workup of the cause of bladder dysfunction
including a pressure flow study and voiding cystourethrogram. Interestingly, in
older male patients, even mild hypertrophy of the prostate has been described as a
cause of reflux pancreatitis. If recurrent graft pancreatitis occurs, enteric conver-
sion may be indicated.

Urine leak from breakdown of the duodenal segment can occur and is usually
encountered within the first 2-3 months posttransplant but can occur years
posttransplant. This is the most serious postoperative complication of the blad-
der-drained pancreas. The onset of abdominal pain with elevated serum amylase,
which can mimic reflux pancreatitis or acute rejection, is a typical presentation. A
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Fig. 7.10. Surgical procedure of en-
teric conversion. (Reprinted with
permission from: Surgery, Vol 112,
1992).

high index of suspicion for urinary leak is necessary to accurately and swiftly make
the diagnosis. Supporting imaging studies utilizing a cystogram or CT scanning is
necessary to confirm the diagnosis. Operative repair is usually required with ex-
ploration. The degree of leakage can be best determined intraoperatively and proper
judgment made whether direct repair is possible or more aggressive surgery in-
volving enteric diversion or even graft pancreatectomy is indicated.

4. Complications of the Enteric-Drained Pancreas Transplant

The most serious complication of the enteric-drained pancreas transplant is
that of aleak and intra-abdominal abscess. This serious problem usually occurs 1-
6 months posttransplant. Patients present with fever, abdominal discomfort, and
leukocytosis. A high index of suspicion is required to make a swift and accurate
diagnosis. Imaging studies involving CT scan are very helpful. Percutaneous ac-
cess of intra-abdominal fluid collection for gram stain and culture is essential.
The flora is typically mixed with bacteria and often times fungus, particularly
Candida. Broad-spectrum antibiosis is essential. Surgical exploration and repair
of the enteric leak is necessary. A decision must be made whether the infection
can be eradicated without removing the pancreas allograft. Incomplete eradica-
tion of the infection will result in progression to sepsis and multiple organ system
failure. Peripancreatic infections can result in development of a mycotic aneu-
rysm at the arterial anastomosis that could cause arterial rupture. Transplant pan-
createctomy is indicated if mycotic aneurysm is diagnosed.

The occurrence of intra-abdominal abscess has been greatly reduced with greater
recognition of the criteria for suitable cadaveric pancreas grafts for transplanta-
tion. Improved perioperative antibiosis, including anti-fungal agents, has con-
tributed to the decreased incidence of intra-abdominal infection, as well. There is
no convincing evidence that a Roux-en-Y intestinal reconstruction decreases its
incidence. Perhaps the most significant contribution to reducing the incidence of
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intra-abdominal abscess is the efficacy of the immunosuppressive agents in re-
ducing the incidence of acute rejection and thereby minimizing the need for in-
tensive anti-rejection immunotherapy.

GI bleeding occurs after the enteric-drained pancreas from a combination of
perioperative anticoagulation and bleeding from the suture line of the
duodenoenteric anastomosis. This is self-limited and will manifest as diminished
hemoglobin level associated with heme-positive or melanotic stool. Conservative
management is appropriate, it is extremely unusual for reoperative exploration.

IMMUNOLOGICAL ASPECTS OF PANCREAS TRANSPLANTATION

A. IMMUNOSUPPRESSION FOR PANCREAS TRANSPLANTATION

The outcome of pancreas transplantation with respect to graft survival rates
and rejection rates is most dependent upon the choice of immunotherapeutic
agents employed. There is consensus that the risk of pancreas allograft rejection is
much greater than that observed with kidney transplantation. The precise reasons
are not well defined but likely involve greater immunogenicity of the pancreati-
coduodenal graft. Recurrent autoimmune reactions are extremely rare. The ma-
jority of pancreas transplant programs are using induction therapy combined with
microemulsion cyclosporine or tacrolimus, plus mycophenolate mofetil or
sirolimus, and prednisone. This combination has significantly improved graft sur-
vival rates. The incidence of acute rejection has been reduced by more than half.
The avoidance of induction therapy with this maintenance immunosuppression
protocol is also associated with excellent patient graft survival rates but with a
higher rate of acute rejection. There are steroid avoidance protocols described for
pancreas transplantation, and reports of successful steroid withdrawal.

1. Trends in Induction Therapy in Pancreas Transplantation

Induction therapy is usually included in immunosuppressive protocols for re-
cipients of whole-pancreas transplants. In fact, induction therapy is used with
greater frequency in pancreas transplant recipients than for any other solid-organ
recipients. One reason is the relatively higher risk of rejection observed for simul-
taneous pancreas-kidney (SPK), pancreas after kidney (PAK) and pancreas trans-
plant alone (PTA) recipients, as compared with other solid organ transplants. The
use of induction therapy in pancreas transplantation has been generally guided
by practical experience, rather than by the results of formal randomized, prospec-
tive, multi-center trials. No FDA-approved immunosuppressive agents are on the
market with a labeled indication to reduce rejection rates specifically in pancreas
transplant recipients. Nonetheless, in 2001, ~ 81% of solitary pancreas (PAK and
PTA) transplant recipients and over 75% of recipients of SPK transplants received
induction therapy.i

{For comparison, the proportion of recipients of other solid organ transplants receiving
induction therapy in 2001 is as follows: kidney ~ 60%; liver ~ 15%; intestine ~ 50%; heart
~ 45%; lung ~ 40%; and heart-lung ~ 75% [from SRTR (X)].
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Over the past six years some interesting trends have been observed in the fre-
quency and type of the induction therapy agent used in solitary pancreas (PAK
and PTA) and SPK transplant recipients (Fig. 7.11).° For recipients of SPK trans-
plants in 1996 and 1997, virtually all cases of induction therapy involved the use
of either OKT3® or ALG. Beginning in 1998 the use of basiliximab increased from
6.6% to the current rate of 31%,, daclizumab from 13.3% to the current rate of
20.1%, and equine ATG from 0.1% to the current rate of 27.7%. The same trends
were observed for recipients of a solitary pancreas transplant from 1996 through
1997 virtually 100% of the cases of induction therapy utilized either OKT3® or
ALG (~ 50% of each). Since 1998-9, with the introduction of daclizumab,
basiliximab, and equine ATG, the use of these three agents has supplanted those
previous two. Among the three new agents, the proportion of solitary pancreas
transplant recipients that received equine ATG has increased from 0.4% in 1998
to 55% in 2001.

2. Trends in Maintenance Therapy in Pancreas Transplantation

Maintenance immunosuppressive agents used for pancreas transplantation
fall into the following categories: a) corticosteroids, b) calcineurin inhibitors
(cyclosporine and tacrolimus), ¢) antimetabolites (azathioprine and
mycophenolate mofetil), and d) other (rapamycin and Cytoxan). In 2001, soli-
tary pancreas recipients received corticosteroids in 93% of cases, tacrolimus in
91% (cyclosporine 8%), mycophenolate mofetil in 74% (azathioprine 1%) and
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Fig. 7.11. Histopathology of acute pancreas allograft rejection demonstrating a dense in-
flammatory infiltrate involving septa and extending in to acinar tissue. (Reprinted with

permission from: Solid Organ Transplant Rejection, Editor Solez, Publisher Marcel Dekker,
Inc., 1996).
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rapamycin in 19%. Therefore, in 2001, the most frequently used combination of
maintenance therapy at discharge was tacrolimus, mycophenolate mofetil, and
corticosteroids.

The dominant use of tacrolimus today represents a marked shift from earlier
eras. In 1992-93 cyclosporine accounted for virtually 100% of the calcineurin in-
hibitor use in pancreas transplantation. In 2001, 92% of SPK transplant recipients
received corticosteroids, 86% tacrolimus (14% cyclosporine), 82% mycophenolate
mofetil, and 19% rapamycin. Based on these data, one can extrapolate that the
most common maintenance immunosuppressive regimen used in SPK transplant
recipients included corticosteroids, tacrolimus, and mycophenolate mofetil.

Trends in the uses of maintenance therapies over the past 7 years for SPK trans-
plant recipients are depicted in Figures 7.12 and 7.13.° The use of tacrolimus rose
to 86% in 2001. Because tacrolimus is used as a replacement for cyclosporine,
cyclosporine usage has dropped from nearly 100% of cases in 1992 to only 14% of
cases in 2001. Similar trends in the use of antimetabolites are seen with respect to
azathioprine and mycophenolate mofetil. In the early 1990s azathioprine was used
in nearly 100% of cases, dropping to 1% in 2001; mycophenolate mofetil usage
grew from 25% in 1995 to 82% in 2001. From 2000 to 2001, sirolimus usage rose
from 13% to 19% of cases.

Similar trends were observed for recipients of a solitary pancreas allogaft. The
use of tacrolimus has increased yearly aince 1995 and reached 91% in 2001. The
FDA approved mycophenolate mofetil for marketing for kidney transplantation
in 1995, and it was used in only 14% of solitary pancreas transplant cases that year
(azathioprine was used in 72% of cases). However, within one year nearly 80% of
solitary pancreas transplant recipients received mycophenolate mofetil, with only
12% receiving azathioprine. The use of azathioprine has diminished yearly and
dropped to 1% usage in 2001. In 1999, the FDA approved the use of sirolimus for
marketing for kidney transplantation. For pancreas transplantation, this agent is
usually used in combination with a calcineurin inhibitor, and as a substitute for
an antimetabolite. The use of sirolimus has been relatively slow to penetrate the
market, compared to the rapid spread of tacrolimus and mycophenolate mofetil
usage. In 2000 and 2001, sirolimus was used for 10% and 19% of solitary pancreas
cases, respectively.

B. PANCREAS ALLOGRAFT REJECTION

The early clinical presentation of pancreas allograft rejection is much different
than that of kidney rejection. An understanding of the kinetics of the tissue injury
during acute rejection of the pancreas allograft is essential to making a timely
diagnosis. Destruction of the (beta cells occur relatively late following initial in-
jury of the acinar tissue. Therefore, the diagnosis of pancreas graft rejection by
hyperglycemia is a late and often irreversible situation. Detection of changes in
acinar cell function is the basis for early suspicion of pancreas graft rejection. The
graft is usually inflamed and patients experience pain and discomfort around the
graft due to peritoneal irritation. This, coupled with elevation in the serum amy-
lase or lipase, and if bladder-drained, reduction in urinary amylase, may be the
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Fig. 7.12. Use of immunosuppressive agents for induction therapy in SPK transplant re-
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Fig. 7.13. The changing use of calcineurin inhibitors for new SPK transplants (Source,
2002 OPTN/SRTR Annual Report).

initial presentation of acute rejection. Graft pancreatitis and urinary leak of a blad-
der-drained pancreas can present in a similar manner. Often, patients will require
bladder catheterization to differentiate graft rejection from reflux pancreatitis.
The gold standard for confirming the diagnosis of pancreas graft rejection is
pancreas graft biopsy. The biopsy may be performed by several methods includ-
ing the percutaneous approach, transcystoscopic biopsy in a bladder-drained pan-
creas, or open surgical biopsy. The usefulness of pancreas graft biopsy to confirm
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the clinical suspicion of rejection is so important that the surgical procedure of pan-
creas transplantation should include consideration of the intra-abdominal location
of the pancreas to make it accessible for percutaneous biopsy. This is especially im-
portant in pancreas transplant alone and pancreas-after-kidney transplant proce-
dures. Figure 7.14 shows the histologic features of acute pancreas graft rejection.

In the situation of a simultaneous pancreas-kidney transplant, it is the kidney
allograft that is the best indicator of a rejection reaction. Rejection of the kidney
allograft will manifest as a rise in serum creatinine. This will prompt ultrasound
and biopsy of the kidney allograft. If rejection is present, anti-rejection therapy is
instituted. If there is a concurrent pancreas graft rejection process, the anti-rejec-
tion therapy will reverse the process in both organs. It is extremely uncommon for
isolated pancreas allograft rejection to occur in a setting of a simultaneous kid-
ney-pancreas transplant. However, this may occur in 1-2% of cases and the diag-
nosis is made by kidney and pancreas transplant biopsies. Treatment of the pancreas
alone rejection is guided by its severity and requires pulse steroids or anti-lym-
phocyte immunotherapy. The success rates for reversing pancreas allograft rejec-
tion are very high, in excess of 90%, if diagnosed promptly. There was a time when
incidence of pancreas transplant rejection was greater than in kidney transplant-
alone recipients. With the application of new immunosuppressive agents, how-
ever, the incidence of pancreas rejection has been reduced from approximately
80% to less than 30%.

RESULTS OF PANCREAS TRANSPLANTATION
The results of pancreas transplantation are typically described in terms of pa-
tient survival and pancreas graft survival. The definition of patient survival is ob-
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Fig. 7.14. The changing use of antimetabolites and sirolimus for new SPK transplants
(Source, 2002 OPTN/SRTR Annual Report).
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vious, pancreas graft losses are defined as: 1) patient death with a functioning graft;
or ii) loss of insulin independence irrespective of whether the pancreas allograft is
in place or removed. The most valuable and complete information on the results
of pancreas transplantation comes from the Scientific Registry of UNOS and the
International Pancreas Transplant Registry. All cases of pancreas transplantation
in the U.S. have been collected since October 1997. Single center experiences with
pancreas transplantation have been valuable in reporting results of specific tech-
nical and immunosuppressive protocols. Very importantly, the effect of pancreas
transplantation on secondary complications of diabetes, such as diabetic nephr-
opathy, retinopathy, neuropathy, and quality of life have been fascinating.

A. OUTCOMES OF PATIENT AND GRAFT SURVIVAL

The results of SPK transplantation in terms of patient and graft survival have
shown steady improvement over time. According to results from the SRTR and
the International Pancreas Transplant Registry patient survival in SPK recipients
has increased from 90% to 95% over the past 10 years. Pancreas graft functional
survival has also improved over this 10-year interval from 74% to 84% at 1 year.
There is no clinically significant difference in pancreas graft outcome in bladder-
drained pancreases versus the enteric-drained pancreas. There is also no clinically
significant difference in outcome in systemic venous drainage versus portal drain-
age. The immunologic risk for graft loss for technically successful cases of SPK
transplantation has decreased over time. The current rate of immunologic loss is
only 2% at one year. Relative risk factors for pancreas graft loss in SPK recipients
have been determined and include increasing recipient age, (> 45 years), pro-
longed preservation time (> 24 hours), and positive effects were shown for the use
of mycophenolate mofetil. The relative risk factors for pancreas graft loss in soli-
tary pancreas recipients have been determined and include increasing recipient
age, (<45 years), and prolonged preservation time (> 24 hours), and positive ef-
fects were shown for the use of mycophenolate mofetil and tacrolimus.

Figure 7.15 shows patient, kidney and pancreas graft survival rates in SPK trans-
plant recipients in the most recent era analyzed (1998-2002) by the International
Pancreas Transplant Registry. These are the best outcomes reported to date with
one year patient, kidney, and pancreas graft survival rates of 95%, 92%, and 84%,
respectively. Single center reports from the most active SPK transplant programs
show wide variability of kidney and pancreas graft survival rates (Table 7.2).¢

Figure 7.16 shows the comparative survival rates of the pancreas graft among
the three transplant groups for the current era analyzed. The survival rates have
been the highest recorded with some single center reports describing even better
results. For pancreas after kidney (PAK) transplantation, pancreas graft survival
has shown steady improvement over the 10-year interval 1993 through 2002 from
a 1-year patient survival rate of 65% to 82%. The technique of bladder drainage is
associated with a current 1-year graft survival rate of 85% versus 75% for enteric
drainage. The immunologic risk for graft loss for the technically successful cases
has been reduced to only 3-5% at 1 year. The relative risks for pancreas graft loss
from technical failures (7% in first year posttransplant) include enteric exocrine
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Fig. 7.15. Patient, kidney and pancreas graft survival rates of SPK transplant recipients
(n=3885, 1/1/1998-7/1/2002). (Source, International Pancreas Transplant Registry, 1998)

drainage, increasing preservation time (> 24 hours), and increasing BMI (body
mass index, >25 kg/m2).

For patients receiving a pancreas transplant alone (PTA) the pancreas graft func-
tional survival rates over the past 10 years has shown significant improvement
from 55% to 80%. The technique of bladder drainage is associated with a current
1-year graft survival rate of 81% versus 74% for enteric drainage. The immuno-
logic risk for graft loss for the technically successful cases has been reduced to only
5-7% at 1 year. The relative risks for pancreas graft loss from technical failures
(9% in first year posttransplant) include increasing age (> 45 years) and increas-
ing PRA rate (>20%).

B. EFFECT OF PANCREAS TRANSPLANTATION ON SECONDARY COMPLICATIONS

OF DIABETES

Recipients of a successful pancreas transplant maintain normal plasma glucose
levels without the need of exogenous insulin therapy. This results in normaliza-
tion of glycosylated hemoglobin levels and a beneficial effect on many secondary
complications of diabetes. The durability of the transplanted endocrine pancreas
has been established with the demonstration that normalization of glycosylated
hemoglobin is maintained for as long as the allograft functions. The potential
lifespan of the transplanted pancreas is not precisely known since survivors with
functioning pancreas transplants are now greater than 20 years posttransplant,
and still going. The implications of prolonged normalization of glycemia and
glycosylated hemoglobin levels are significant with respect to patients’ quality of
life, kidney structure, and motor and sensory and nerve function.

The quality of life of pancreas transplant recipients have been well-studied.
Patients with a functioning pancreas graft describe their quality of life and rate
their health significantly more favorably than those with nonfunctioning pan-
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Table 7.2.  One-year pancreas and kidney allograft survival rates in SPK transplant

recipients at the top 5 most active centers in the U.S.!

PANCREAS TRANSPLANT
Center N Actual
Graft Survival

U.S. 2,244 84.96%

Univ. of Wisconsin Hosp. (Madison) 130 88.94%
Fairview Univ. Med. Center 95 73.08%
(Minneapolis)

Northwestern University (Chicago) 82 95.59%

Ohio State Univ. Hosp. (Columbus) 77 87.70%
Jackson Memorial Hosp. (Miami) 68 94.12%

KIDNEY TRANSPLANT
Center N Actual
Graft Survival

U.S. 2,244 91.90%

Univ. of Wisconsin Hosp (Madison) 130 95.11%
Fairview Univ. Med. Center 95 77.95%
(Minneapolis)

Northwestern University (Chicago) 82 97.28%

Ohio State Univ. Hosp. (Columbus) 77 93.04%
Jackson Memorial Hosp. (Miami) 68 97.06%

Expected
Graft Survival?

83.77%
78.52%

83.51%
85.88%
86.08%

Expected
Graft Survival?

91.54%
89.17%

91.95%
91.90%
92.25%

P-Value

0.115
0.255

0.010
0.716
0.072

P-Value

0.197
0.010

0.079
0.900
0.228

! Adult (age >18 years) recipients transplanted between 7/1/99 - 12/31/01.
> Based on SRTR data on U.S. graft failure rates adjusted for donor and recipient
characteristics (see http//www.ustransplant.org).

100
80 4-----
g
o 50_ ________________________________________________________
&
3
N
3 A0 o
Cat. n 1Yr Surv.
20 1. SPK 3885  83% | ...
PAK 630  79%
PTA 290  78%
o e B B
0 ] 12 18 24 30
Time Post-transplant (mo.)

36

Fig. 7.16. Pancreas allograft functional survival rates according to transplantation cat-
egory (1/1/1997-10/10/2001) (Source: International Pancreas Transplant Registry).
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creas grafts. Satisfaction encompasses not only the physical capacities, but also
relate to psychosocial and vocational aspects, as well. The functioning pancreas
graft leads to even better quality of life when compared to recipients of a kidney
transplant alone. Virtually all patients of a successful pancreas transplant report
that managing their life, including immunosuppression, is much easier with the
transplant, than prior to transplantation. Successful pancreas transplantation will
not elevate all patients with diabetes to the level of health and function of the
general population, but the transplant recipients consistently report a significantly
better quality of life than do patients who remain diabetic.

The development of diabetic nephropathy in transplanted kidneys residing in
patients with type 1 diabetes has been well-established. There is marked variabil-
ity in the rate of renal pathology, including mesangial expansion and a widening
of the glomerular basement membrane, in patients with Type 1 diabetes and a
kidney transplant alone. The onset of pathological lesions can be detected within
a few years of kidney transplantation. Clinical deterioration of renal allograft func-
tion can lead to loss 10-15 years posttransplant. A successful pancreas transplant
prevents glomerular structure changes of kidney allografts in patients with type 1
diabetes. This has been observed in transplanted kidneys of patients undergoing
SPK transplantation, as well as in kidneys of recipients undergoing PAK trans-
plantation. These studies provide evidence of the efficacy of normalizing blood
glucose and glycosylated hemoglobin levels to prevent the progression of diabetic
glomerulopathy in renal allografts.

Furthermore, it has been established that a successful pancreas transplant will
halt or reverse the pathology in the native kidneys of patients with Type 1 diabetes
and very early proteinuria.” The pancreas transplant recipients all had persistently
normal glycosylated hemoglobin values after transplantation for 5-10 years. The
thickness of the glomerular and tubular basement membranes and mesangial vol-
ume steadily decrease over a 10 year interval. These early studies have important
implications for the role of pancreas transplant alone in patients with type 1 dia-
betes and very early changes in native renal function.

Successful pancreas transplantation has been shown to halt, and in many cases,
reverse motor-sensory and autonomic neuropathy 12-24 months posttransplant.
This has been studied most extensively in recipients of SPK transplants. This raises
the possibility that improvement of diabetic neuropathy occurs, in part, to im-
provement of uremic neuropathy. However, pancreas transplantation alone in
preuremic patients has also been shown to result in improvement in diabetic neu-
ropathy. Many patients express subjective improvements of peripheral sensation
6-12 months post-pancreas transplantation. Very interestingly, the effect of rever-
sal of autonomic neuropathy in patients with type 1 diabetes with pancreas trans-
plantation has been associated with better patient survival rates than patients with
failed or no transplantation.

Pancreas transplantation does not have an immediate dramatic beneficial ef-
fect on pre-established diabetic retinopathy. Retinopathy appears to progress for
at least 2 years following transplantation of the pancreas, but begins to stabilize in
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3 to 4 years compared to diabetic recipients of a kidney transplant only. Longer
term studies of 5-10 years, similar to that described above, have not been reported.

Other beneficial effects of the secondary complications of diabetes have been
less rigorously studied, but improvement in the microcirculation and blood pres-
sure control have been described. The effect of amelioration of diabetes by suc-
cessful pancreas transplantation on the incidence, or progression of coronary artery
disease is currently preliminary and inconclusive. However, it is believed that pan-
creas transplantation removes an important risk factor to the development of coro-
nary artery disease, and in conjunction with control of blood pressure,
hyperlipidemia, and avoidance of smoking, a beneficial impact is predicted

The overall purpose of pancreas transplantation is to improve the quality of life
of patients with type 1 diabetes and end-stage renal failure above that which can
be accomplished by kidney transplantation alone. The amelioration of diabetes,
and with it the absence of the need for frequent blood glucose monitoring, exog-
enous insulin therapy, diet and exercise control, unequivocally resolves the pri-
mary complication of the disease. Many of the secondary complications are halted,
and in many cases, reversed. However, it is very dependent upon the severity of
the disease prior to transplantation, and the relatively subjective assessment of
success. The combination of improved patient and graft survival rate that has
been demonstrated in the short-term with the application of the new immunosup-
pression agents, will translate into greater survival of pancreas graft function long-
term. This will contribute greatly to quality of life issues and facilitate ongoing research
that has associated control of glycemia and normalized glycosylated hemoglobin
levels with improvements in numerous secondary complications of diabetes.
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INTRODUCTION

The incidence of diabetes in the U.S. is increasing with at least 1 million persons
affected with type 1 disease.! The life threatening complications? are preventable
by maintaining euglycemia according to the Diabetes Control and Complication
Trial and its follow-up studies.>* Despite the development of improved means of
glucose monitoring and insulin delivery, maintaining even near-normal glucose
levels in most patients with diabetes is difficult and complicated by occasional severe
hypoglycemic episodes. Developing a means of achieving insulin independence and
good glycemic control early in the disease prior to the onset of complications would
represent a major therapeutic advance in the treatment of this debilitating disease.

Pancreas transplantation is able to correct the metabolic abnormalities of
diabetes. There is now great enthusiasm for developing islet transplantation as a
less morbid and potentially more broadly applicable therapy. Small pilot studies
have recently demonstrated the feasibility of islet transplantation to ameliorate
type 1 diabetes in select patients. Future emphasis on large-scale application must
confront the profound challenges of expanding the sources of insulin producing
tissue and diminishing the need for chronic systemic immunosuppression. Current
breakthroughs have emerged from persistent experimentation over the past 30
years to provide a solid foundation and clear vision on which the successes of
tomorrow will be built.

RATIONALE OF ISLET TRANSPLANTATION FOR PATIENTS

WITH TYPE 1 DIABETES

Pancreas transplantation is a near perfect means of normalizing glycosylated
hemoglobin levels — the most important determinant of stabilizing or reversing
microvascular complications.® Successful pancreas transplantation will result in a
durable normoglycemic and insulin-independent state® that can reverse the dia-
betic changes in the native kidneys of patients with early diabetic nephropathy;’
reverse peripheral sensory neuropathy;® stabilize advanced diabetic retinopathy;’
and significantly improve the quality and duration of life.!®!!

However, there are important considerations with pancreas transplantation that
currently preclude it as therapy for all patients with type 1 diabetes. It is unrealistic
that all patients with diabetes could be transplanted to allow for early intervention in
the disease process. There are too few organs (only about 1400 cases are performed
annually in the U.S.). Pancreas transplantation involves significant surgery that
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precludes consideration in patients with significant co-morbid medical condi-
tions (i.e., cardio- and peripheral vascular disease). Lifelong immunosuppression
is required to prevent graft rejection. Transplanting the whole pancreas is not nec-
essary to achieve an insulin independent state since it is only the islets that are
required for glucose homeostasis. In fact, excluding the exocrine pancreas may
avoid some of the complications of pancreas transplantation.

In the early 1970s transplantation of isolated pancreatic islets for treatment of
type 1 diabetes in humans was seriously considered when the technique was proven
feasible in small animal models.'*'* The demonstration that islet transplantation
ameliorates the basic metabolic defects of the hyperglycemic state and stabilizes
or reverses early secondary lesions provides a strong impetus and rationale for
pursuit of such an approach in humans. Importantly, many of the factors that
limit application of whole pancreas transplantation for treating diabetes are more
likely to be overcome if isolated islets are used as the source of endocrine tissue.
Therefore, islet transplantation is a treatment option that has generated great
enthusiasm and is being developed for a potentially broader scope of patients.

HUMAN CLINICAL TRIALS OF ISLET TRANSPLANTATION

The pre-modern era (1990-2000) of islet transplantation might be considered
to have started when the technical methods of isolating and purifying human
islets on a relatively large-scale were described.!® Using these methods, Scharp et
al reported temporary insulin independence and near normal blood glucose levels
after transplantation of approximately 800,000 isolated, purified islets in a patient
with type 1 diabetes.'” Shortly thereafter, the Edmonton group reported long-
term (>1 year) insulin independence in 2 islet transplant recipients receiving
243,000 and 368, 000 islets, respectively.'® These reports were among the first to
demonstrate the proof-of-principle that beta cell replacement therapy by means
of islet transplant could eliminate the need for exogenous insulin therapy in select
patients with diabetes. During this time numerous successes in islet autotrans-
plantation for patients undergoing total pancreatectomy for benign disease were
also reported.'” However, despite overcoming many of the technical challenges of
isolating and purifying islets from the human pancreas,? allogeneic islet
transplants for treatment of type 1 diabetes was seldom effective.

According to the International Islet Transplant Registry, of the 355 adult islet
allograft transplants performed in type 1 diabetic recipients from 1990 through
1999, only 19% of recipients achieved insulin independence for >7 days, and only
11% maintained it at 1-year follow-up.?! The failure to achieve and maintain insulin
independence on a more consistent basis was ascribed to 3 obstacles: 1) the
transplantation and engraftment of an inadequate mass of viable islets, 2) the
use of diabetogenic immunosuppressive regimens, and 3) early and late graft loss
due to nonspecific and allospecific immune mechanisms of injury, respectively, as
well as autoimmune recurrence.?

Careful analysis of the few successes showed that islet allotransplantation could
succeed if: i) the transplanted mass of islets exceeded >8000 islets/kg of body weight
(usually achieved by pooling islets from several cadaver donor pancreases); ii)
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implantation was intraportal; iii) purity was >50%; and iv) anti-T cell induction
therapy was used. The percent of patients that became insulin independent (>1
week) after receiving islet transplants fulfilling these “state of the art” criteria was
closer to 35%.

Although the majority of patients with type 1 diabetes still failed to achieve
insulin independence following “state of the art” islet allotransplantation procedures,
in 80% of those cases C-peptide levels were above 1 ng/ml for over 1 month. There-
fore, insulin dependence in the face of C-peptide secretion indicated that variables
other than the mass of transplanted islets were critical factors affecting outcome.
It became realized that an important variable that was different between the
auto- and allotransplant settings, besides underlying autoimmunity, that accounted
for the inferior results was the differential requirement for systemic immuno-
suppression. Some of these agents, corticosteroids in particular, impart a deleterious
effect on the functional efficiency of islet grafts.?* Application of a new combina-
tion of maintenance agents without corticosteroids involving tacrolimus and
sirolimus?*?* combined with an IL-2 receptor antagonist induction agent, and
repeated infusions of purified islets, resulted in a dramatic breakthrough.

The clinical trial results reported by the University of Alberta group in Edmonton
in July 2000 marked a turning point in the history of islet transplantation.? Shapiro
etal. transplanted an adequate mass of islets by performing sequential transplants
of islets from 2 to 4 donors, reduced the metabolic demand placed on transplanted
islets by avoiding glucocorticoids and high-dose calcineurin inhibitors, and prevented
immunologic graft loss by administering the synergistic immunosuppressants
sirolimus and tacrolimus. The Edmonton protocol included all of the
“state-of-the-art” techniques associated with success, while also addressing many
of the previously mentioned obstacles. The outcome resulted in restored
normoglycemia and insulin independence in 7 of 7 type 1 diabetic patients who
previously had labile diabetes and hypoglycemia unawareness.?® Recent publications
of the Edmonton experience include 24 patients. The insulin independence rates
are 87.5% at 1 year and 70% at 2 years.” More detailed information on clinical
outcomes and metabolic test results with the Edmonton protocol was published
in 2 follow-up reports.??* The total experience through March 2003 exceeds 50
recipients.

Importantly, the validity of the Edmonton results has been strengthened by
confirmatory findings reported by additional institutions, including diabetes
reversal after islet transplants in patients with established kidney grafts® and after
transplants of islets prepared from a non-heart-beating donor.3! A consortium of
islet transplant centers from North America and Europe, supported by the Immune
Tolerance Network of the NIH, are also showing the reproducibility of the
Edmonton results.

INDICATIONS AND CONTRAINDICATIONS TO ISLET

TRANSPLANTATION

The indications for islet transplantation are listed in Table 8.1. Very few islet
transplants are performed annually in the U.S. Those that are performed are done
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under rigorous study protocols at academic institutions heavily supported
by clinical research resources. In the pre-Edmonton era, virtually all islet
allotransplants were performed in association with kidney transplants. In the
mid-1990s, solitary islet transplants began to be evaluated in patients whose type
1 diabetes was complicated by hypoglycemia unawareness.*? Since publication of
the Edmonton results in 2000, the vast majority of islet allotransplants have been
performed in patients with hypoglycemia, metabolic lability, or progressive
microvascular diabetes complications. Today, the majority of islet transplants
are performed in recipients without renal dysfunction. This is referred to as an
islet-transplant-alone (ITA) procedure. The emphasis on the ITA approach for
treating diabetes is in contrast to whole pancreas transplantation in which 85-90%
involve a simultaneous kidney transplant.

Islet Transplantation Alone (ITA). The primary indication for islet transplantation
is in patients with type 1 diabetes with extremely labile disease, such that routine
daily activities are interrupted by episodes of extremely high blood glucose lev-
els resulting in frequent emergency room and inpatient hospitalizations for dia-
betic ketoacidosis. They have significant difficulty avoiding and sensing extremely
low blood sugar levels, referred to as hypoglycemic unawareness, that result
in unconsciousness without the warning. This is a devastating condition that affects
employment, the ability to have a license to drive, and concern about suffering
lethal hypoglycemia while asleep. In this situation the risk of chronic immuno-
suppression is judged to be less than the current diabetic condition ineffectively
managed by exogenous insulin therapy.

Current recipient inclusion criteria for islet transplant alone procedures include
patients with type 1 diabetes mellitus for =5 years experiencing at least 1 of the
following problems despite conscientious insulin management efforts in close
cooperation with an endocrinologist: 1) Reduced awareness of hypoglycemia, or
the clinical manifestation of hypoglycemia-associated autonomic failure;*»* 2)
Metabolic lability or instability characterized by 2 or more episodes of severe
hypoglycemia OR 2 or more hospital admissions for diabetic ketoacidosis during
the previous 12 months; 3) Progressive secondary complications:

+ progressive nephropathy, defined by a confirmed rise of microalbuminuria
over at least 3 months, beginning anytime within the past 2 years, despite
the use of an ACE inhibitor;

+ autonomic neuropathy with symptoms consistent with gastroparesis, postural
hypotension, neuropathic bowel or bladder, or persistent or progressive
severe, peripheral, painful neuropathy not responding to usual management;

+ a minimum of a 3-step progression using the Early Treatment Diabetic
Retinopathy Study (ETDRS) grading system, or an equivalent progression
as documented by an ophthalmologist familiar with diabetic retinopathy.

Thus, currently applied inclusion criteria include a small subgroup of patients
with type 1 diabetes. For the subgroup of patients unable to continue intensive in-
sulin therapy because of recurrent severe hypoglycemia, beta cell replacement therapy
via islet (or pancreas) transplantation may be the only approach to achieving
euglycemia.
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Table 8.1. Indications for islet transplantation

Type 1 diabetes = 5 years associated with at least one of the following complications:

1. Reduced awareness of hypoglycemia;

2. Metabolic lability or instability characterized by 2 or more episodes of severe
hypoglycemia OR 2 or more hospital admissions for diabetic ketoacidosis during the
previous 12 months;

3. Progressive secondary complications:

i. progressive nephropathy despite the use of an ACE inhibitor;

ii. autonomic neuropathy with symptoms consistent with gastroparesis, postural
hypotension, neuropathic bowel or bladder, or persistent or progressive severe,
peripheral, painful neuropathy not responding to usual management;

iii. progression of diabetic retinopathy

4. Kidney transplant recipient with adequate renal function on immunosuppression

The contraindications and relative contraindications for islet transplantation
are listed in Tables 8.2 and 8.3, respectively. The contraindications to islet trans-
plantation include the majority of patients with type 1 diabetes that have normal
renal function and do not exhibit a brittle course, or hypoglycemic unawareness.
For patients that do have an indication for islet transplantation, it is important to
rule out significant medical contraindications in a similar manner as applies to
other areas of transplantation. These issues include: recent malignancy, active or
chronic untreated infection, advanced forms of major extrarenal complications
(i.e., coronary artery disease), life expectancy of less than 1 year, sensitization to
donor tissue, noncompliance, active substance abuse, uncontrolled psychiatric
disorder.

The criteria regarding body weight, body mass index, and pre-transplant insulin
are important considerations. The critical number of human allogeneic islets re-
quired to achieve insulin independence is generally perceived to be 8,000 islet
equivalents per kilogram recipient body weight. The number of islet equivalents,
using currently available techniques, that can be prepared from a high-quality
human cadaver donor pancreas deemed suitable for single-donor islet
allotransplants, rarely exceeds 500,000. The number of islet equivalents retrievable
from a less-than-optimal cadaver pancreas accepted for a 2-donor islet transplant
protocol is typically 300,000. For these reasons, islet transplants are restricted to
recipients with body weights less than 75 kg (expected to require a more than
600,000 islet equivalents for diabetes reversal).

Increasing evidence suggests that insulin resistance is more likely in type 1
diabetic individuals with a high body mass index and high insulin requirements.
Insulin resistance increases the metabolic demand placed on transplanted islets.
That fact may not matter in the setting of a vascularized whole organ pancreas
transplant, but insulin resistance can spoil the ability of a marginal mass of trans-
planted and engrafted islets to reverse type 1 diabetes. Therefore, islet transplants
are currently restricted to a subgroup of type 1 diabetic individuals with a higher
probability of insulin independence.
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Table 8.2. Contraindications for islet transplantation age less than 18 years

Body weight >75 kg

Body mass index >26 (female), >27 (male) kg/m?

Insulin requirement of >0.7 IU/kg/day or >50 IU per day (whichever is less)

Positive C-peptide response (=0.2 ng/mL) to oral or intravenous glucose tolerance testing
Creatinine clearance <80 ml/min/1.73 m?

Positive pregnancy test or failure to follow effective contraceptive measures

Active infection including hepatitis C, hepatitis B, HIV, or tuberculosis

Invasive aspergillus infection during the previous 12 months

History of malignancy (except for treated squamous or basal cell carcinoma of the skin)
Active alcohol or substance abuse

History of nonadherence to prescribed medical regimens

Psychiatric disorder that is unstable or uncontrolled on current medication

Inability to provide informed consent

Severe coexisting cardiac disease, characterized by any 1 of these conditions: recent
myocardial infarction (within past 6 months); angiographic evidence of noncorrectable
coronary artery disease; evidence of ischemia on functional cardiac exam; left ventricular
ejection fraction <30%

Baseline liver function tests outside of normal range or history of significant liver disease
Gallstones or hemangioma in liver, on baseline ultrasound examination

History of coagulopathy or medical condition requiring long-term anticoagulant therapy
Active peptic ulcer disease

Severe gastrointestinal disorders potentially interfering with the ability to absorb oral
medications

Islet After Kidney (IAK) Transplantation. The recent success of islet transplanta-
tion-alone for non-uremic patients has demonstrated the feasibility and practicality
of the procedure using a new corticosteroid-free immunosuppressive protocol
referred to as the “Edmonton Protocol”?¢ Individuals with type I diabetes and a
successful kidney allograft are especially appropriate as candidates for a sequential
islet transplant procedure because they already receive chronic immunosuppression.
The added risk of a subsequent islet transplant is minimal compared to non-uremic
patients with diabetes receiving new immunosuppression in addition to the
transplant procedure.

Candidates for IAK transplants are distinguished from non-uremic individuals
with type I diabetes in several respects. First, IAK transplant recipients may have a
greater degree of diabetes-related co-morbidities such as cardio-, cerebro- and
peripheral vascular diseases that preclude them from consideration of operative
whole pancreas after kidney (PAK) transplantation because of excessive operative
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Table 8.3.  Relative contraindications for islet transplantation

Serum creatinine >1.3 mg/dL (female), >1.5 mg/dL (male)

History of panel-reactive anti-HLA antibodies >20%

Negative screen for Epstein-Barr virus (EBV) by an EBV nuclear antigen (EBNA) method
Active cigarette smoking (must be abstinent for 6 months)

Baseline hemoglobin <11.7 g/dL (female), <13 g/dL (male); lymphopenia (<1,000/mL),
leukopenia (<3,000 total leukocytes/mL), or platelets <150,000/mL

Severe allergy requiring acute (within 4 weeks of baseline) or chronic treatment, or
hypersensitivity to protocol regulated treatment products

Hyperlipidemia (fasting LDL cholesterol >130 mg/dL; and/or fasting triglycerides >200
mg/dL)

Addison’s disease

Current treatment for a medical condition requiring chronic use of systemic steroids

risk. That is not a trivial consideration for islet transplantation since those same
co-morbidities may make the “minimally” invasive radiological procedure of portal
venous access and islet infusion considerably more risky in the IAK cohort than in
the “healthy” ITA recipient. There simply has not been a sufficient experience with
the interventional radiological experience of islet transplantation to fully understand
its risk profile in patients with significant vascular diseases. Therefore, patients at
prohibitive risk for surgical pancreas transplantation cannot be automatically
considered for islet transplantation at this time. Consideration for islet trans-
plantation must be made on a case-by-case basis with full informed consent of
the patient of the possible risks of even the less invasive radiological procedure.

Second, recipients that have a successful kidney transplant may be prescribed
an immunosuppressive regimen that differs from the corticosteroid-free protocol
described by the Edmonton group. Therefore, immunosuppression conversion to
the Edmonton protocol prior to islet transplantation may be required. This will
be discussed in greater detail in the section covering immunosuppression.

Third, maintenance of optimal kidney transplant function becomes paramount.
This difference requires consideration of treatment protocols for islet trans-
plantation to take a backseat to those needed to maintain optimal kidney
transplant function. Conflicts involving approaches to immunosuppression could
appear when application of tacrolimus and sirolimus immunosuppression suited
for islet transplantation unexpectedly compromises renal allograft function due
to nephrotoxicity. For example, an individual who has enjoyed good and stable
kidney transplant function for years while receiving cyclosporine, azathioprine
and prednisone for immunosuppression is converted to tacrolimus and sirolimus
at levels appropriate for the subsequent islet transplantation begins to demonstrate
deteriorating renal function. In that case, it may not be possible to achieve the
target levels of tacrolimus and sirolimus that have been established in the Edmonton
protocol. Moving ahead with the subsequent islet transplantation in the face of
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“subtherapeutic” immunosuppression may result in inferior outcomes and at the
risk of worsening renal function.

Fourth, TAK transplant recipients would be pre-immunosuppressed prior to
islet transplantation. This may result in more efficient islet engraftment such that
insulin independence could be achieved with a mass of islets significantly less
than the threshold of approximately 8-10,000 islet equivalents/kilogram body
weight that usually requires two or more cadaveric donors. The Edmonton group
and others have observed that insulin requirements could be virtually immediately
stopped following the second islet transplant. There are at least two issues to
consider regarding the circumstances of the second transplant: the greater mass
of islets and the pre-immunosuppressed state. Since both may contribute to the
success it raises the theoretical possibility that the pre-immunosuppressed state
could result in more efficient early islet survival such that insulin independence
may be achieved with a mass of islets significantly less than the threshold of
approximately 8-10,000 islet equivalents/kilogram body weight that usually
requires two or more cadaveric donors. The caveat is that the patient selection
criteria for IAK transplants are similar to that as applied in ITA candidate selection.
Consideration of body mass index and insulin requirements are objective measures
that can be standardized. The biggest difference may be in insulin sensitivity where
less objective criteria are obtained and the best indicator may be the frequency
and degree of hypoglycemic episodes. Because IAK transplant candidates have
already accepted the risk of immunosuppression, looser criteria for proceeding
with TAK with respect to hypoglycemia may take place. That is not necessarily an
unreasonable approach, but how that difference affects outcome will be an
important consideration.

HUMAN ISLET PROCESSING, PRODUCTION TESTING

AND TRANSPLANTATION

Regulatory Aspects. Treatment of type 1 diabetes by transplanting human
allogeneic islets is an investigational procedure. It is ensconced by layers of quality
and regulatory oversight to safeguard public health and monitor the development
of the new procedure. In the United States, transplantable allogeneic pancreatic
islets meet the definition of a “drug” in the Federal Food, Drug, and Cosmetic Act
(FD&C Act), 21 USC 321(g), and are subject to certain requirements of the FD&C
Act. Therefore, before the initiation of any studies in humans of allogeneic
islet transplantation, an investigational new drug (IND) application must be
approved by the FDA (Regulations for Biological Products Title 21, Code of Federal
Regulations Part 312—Investigational New Drugs). Appendix 1 lists the pertinent
documents published by the FDA concerning the regulation of cellular and tissue-
based products intended for transplantation, including allogeneic islets. The
basis for this regulatory order is to ensure that a safe, quality product is used for
transplantation.

For biological products, safety is ensured by control of the “manufacturing”
process. This requires methodology to adequately characterize and demonstrate that
the final therapeutic product can be “manufactured” consistently. To successfully
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obtain islet preparations that are safe to implant and of high quality, each stage of
the production process is defined by standard operating procedures and quality
control checks implemented during the course of the isolation and purification
procedure. The “manufacturing” process of islets begins at the time of organ
procurement.

Pancreas Donor Criteria, Procurement and Preservation. An ideal donor will have
a favorable medical, sexual, and social history; pass the physical examination
requirements; and clear all standard laboratory tests used in multiorgan donor
workups to show low risk of disease transmission. The impact of pancreas donor
criteria on the results of islet isolation and purification has been studied retro-
spectively by a number of groups.*-3* Older donor age, a local procurement team,
and high body mass index are positively correlated with successful islet isolations.
Hyperglycemia, increased duration of cardiac arrest, and increased duration of
cold storage are negatively correlated.

The surgical technique for pancreas recovery for islet transplantation follows
the principles established for immediately vascularized, whole-organ pancreas
transplantation.*** The competence and commitment of the surgical team
procuring a pancreas for islet transplantation is just as crucial for success of the
islet transplant as it is in ensuring successful whole pancreas transplantation. One
particularly important consideration of pancreas procurement for islet trans-
plantation concerns the care in maintaining the integrity of the pancreas capsule.
Since distention of the pancreas by intraductal injection of collagenase represents
a crucial step in subsequent islet isolation, any breach of the pancreatic capsule
will compromise this aspect of the isolation procedure. A moderately firm, hard,
edematous, or fatty pancreas is not a contraindication to procurement for islet
transplantation. In fact, the visual criteria to rule-in a pancreas for islet trans-
plantation are more liberal than for whole pancreas transplantation.

Adequate perfusion of the pancreas with cold preservation solution is
accomplished by aortic cannulation and flush through the splenic and superior
mesenteric arteries. Venous hypertension in the pancreas should be avoided during
in situ flush. If the cannula for in situ portal perfusion is located and secured in
the portal vein, the pancreatic portion of the portal vein must be transected to
allow continuous drainage of pancreatic fluid outflow. Thus, excessive perfusion
pressure or restriction of venous outflow of the pancreas is avoided.

Continuous and effective surface cooling of the pancreas is of paramount
importance: warm ischemia is detrimental to subsequent islet isolation.*! Topical
cooling is accomplished by widely opening the lesser sac after dividing the gastro-
colic omentum and placing ice slush on the anterior aspect of the pancreas
immediately after aortic crossclamping and vascular flush. The pancreas is kept
cool while liver procurement occurs. Next the pancreas is procured and stored in
cold preservation solution. Finally the kidneys are procured.

Pancreata to be processed for islet isolation are less tolerant of cold ischemia
than those used in whole pancreas transplantation. Cold preservation time should
be kept less than 9 hours to improve islet isolation yield and function. Simple
cold storage in University of Wisconsin (UW) solution has been the standard
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preservation method in clinical islet transplantation.> The two-layer
(perfluorochemical and UW solution) pancreas preservation method holds great
promise for islet transplants.” The perfluorochemical is water insoluble. Its high
density ensures that the pancreas floats at the interface of the perfluorochemical
and preservation solution. The perfluorochemical, after being saturated with
oxygen, provides ample oxygen to the pancreas during preservation, thereby
allowing the oxygenated pancreas to produce adenosine triphosphate necessary
for maintaining tissue integrity. It has very recently been applied to preservation
of human pancreata before pancreas and islet transplantation.**-¢

Preparation of Islets. On arrival at the islet isolation facility, the transport container
is opened and inspected for package integrity. The pancreas is then removed and
briefly exposed to an antibiotic and antifungal solution. The pancreas is placed in
a cooling pan and the extraneous fat and nonpancreatic tissue carefully dissected
and discarded. In preparation for the distension (enzyme loading) procedure, the
pancreas is divided at the neck. Two cannulas are inserted into the main pancreatic
ducts at the divided surface, one directed to the head and the other to the body
and tail, and secured in place (Fig. 8.1). The pancreas is weighed and then perfused
under controlled conditions using the perfusion protocol developed by Lakey et
al.* The cooled perfusion solution consists of a purified enzyme blend containing
collagenase*® and serine-protease inhibitor.*” The collagenase solution is loaded
retrograde into the ducts to distend the pancreas under control of a roller pump
with pressure monitoring.” The distended panceas may be cut into a few pieces
and then placed into the Ricordi digestion chamber. Pancreatic dissociation is
accomplished when the collagenase solution is circulated through the Ricordi
chamber at a temperature of 37° to 38° C (Fig. 8.2). The chamber is agitated
manually or using an automated system.!® Samples are taken from the circuit at
regular intervals to monitor the breakdown of the pancreas by visual inspection
of tissue via the inverted microscope. When the amount of tissue liberated from
the chamber increases and intact islets are observed, and it is determined that
most or all of the islets are free of the surrounding acinar tissue, the recirculation
reservoir and the heating circuit are bypassed. The islet isolation continues with
the temperature progressively decreased to 15° to 20° C and the collagenase diluted
with tissue culture medium. The digest containing the free islets is collected in
containers pre-filled with tissue culture medium supplemented with 10% human
serum albumin. The pancreatic digest is washed and accumulated for the
purification step.

The pancreatic digest containing endocrine and exocrine tissue is purified by
placing it on a continuous gradient of sodium diatrizoate ficoll*® or with iodixanol*
using a Cobe 2991 cell separator® usually under cooling conditions (5-10° C).
Fractions with adequate islet purity are combined for immediate transplantation
or for pre-transplant tissue culture.

If islet culture is performed pre-transplant, the purified islets are placed in tis-
sue culture flasks containing tissue culture medium. The flasks are placed in an
incubator in an atmosphere of 95% air and 5% CO,. The islets are cultured over-
night at 37° C and for an additional 24 to 48 hours at 22° C.
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PANCREATIC DUCT
LIGATED AT
DUODENAL PAPILLA

Fig. 8.1. Pancreatic intraductal cannulation and collagenase perfusion.

When it is time to perform the transplant, the islets are collected from the tissue
culture flasks and washed. The final islet product is suspended in transplant medium
at an approximate concentration of 25-50 ml of medium/ml of tissue.

Islet Product Testing. Islet product testing in the setting of clinical transplantation
should follow the regulatory framework of the U.S. Food and Drug Administration
(FDA) Center for Biologics Evaluation and Research for cellular and tissue-based
products.

Four regulatory requirements have been established for the manufacture
of cellular and tissue-based products: 1) product safety, 2) product characterization,
3) control of the manufacturing process, and 4) reproducibility and consistency
of product lots. To ensure product safety, specific tests must be established
to determine sterility (aerobic, anaerobic, and fungal cultures), pyrogenicity and
endotoxin content, and absence of mycoplasma or adventitious agents. Product
characterization requires the design and implementation of batch production
records and standard operating procedures to test cell and tissue identity, purity,
potency, stability, viability, and cell number or amount of tissue. Table 8.4
summarizes current assays for islet product safety and characterization. Table 8.5
lists islet product release and post-release criteria.
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Fig. 8.2. Pancreatic islet isolation schemia.

Islet Transplantation. Intraportal infusion of islets has emerged as the most
common technique. Any history of abdominal surgery or liver abnormalities
(hemangioma) is considered when deciding how to best access the portal vein.
Percutaneous transhepatic catheterization is the most common access route in
clinical islet transplantation.’®>* Alternative approaches to access the portal
vein include mini-laparotomy and cannulation of an omental or mesenteric vein,
and transjugular intrahepatic portosystemic access.

Access to the portal vein via transhepatic catheterization is provided by the
interventional radiologists. Either the left or right intrahepatic portal system is
accessed percutaneously. The position of the tip of the infusion catheter is guided
to the main portal vein. Position is confirmed with contrast dye, the opening por-
tal pressure is obtained, and a formal portogram is performed. If the portal pres-
sure is <20 mm Hg, and no abnormalities are noted, the islet infusion bag is
connected with the portal vein catheter using a standard intravenous infusion set.
The islet are infused intraportally, over a period of 15 to 60 minutes, using gravity.
Portal vein pressure is recorded halfway through the infusion process, and more
often if deemed appropriate. Islet infusion is halted if the portal pressure exceeds
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22 mm Hg; it is restarted only if the pressure drops below 18 mm Hg. If the pressure
remains elevated, infusion is stopped. After completion of the islet infusion, and
after a final rinse, the closing portal pressure is obtained and recorded. No
additional intraportal contrast agents are given after islet infusion. The sheath is
withdrawn and coils or gelatin-sponge (Gelfoam) pledgets are deployed in the
puncture tract to prevent bleeding and augment hemostasis.

POSTTRANSPLANT MANAGEMENT

Insulin and Glycemic Control Immediately Post-transplant. Before the injection
of islet cells, both an IV insulin infusion and an IV glucose (5%) infusion are started.
Plasma glucose levels are targeted to 80 to 120 mg/dL. Insulin is administered, as
needed, to achieve and maintain the plasma glucose levels in the target range.
Thereafter, plasma glucose levels are measured every 1 to 2 hours until the recipient
is discharged on day 1 or 2 posttransplant. The recipient is asked to test blood
glucose several times per day (fasting, before lunch, 2 hours after lunch, before
supper, and at bedtime). Exogenous insulin is withdrawn or adjusted, as needed.
Recipients able to maintain fasting blood glucose levels below 126 mg/dL, and
2-hour postprandial levels below 180 mg/dL, after insulin discontinuation has
been attempted are considered insulin-independent. Insulin-independent recipients
are advised to continue to measure and record fasting blood glucose levels daily
and postprandial blood glucose levels intermittently. In the event insulin indepen-
dence is not achieved within the first 6 weeks post-transplant, an additional
transplant may be considered.

Table 8.4. Current assays for islet product safety and characterization

Category Assay

Safety Sterility (aerobic, anaerobic, and fungal cultures)
Mycoplasma
Pyrogenicity and endotoxin

Identity Diphenylthiocarbazone (DTZ)-positive cells
Insulin content

Cell number Enumeration of islets and islet equivalents (IE) in DTZ-

stained aliquots
Insulin content
Volume of tissue pellet

Purity Percent of DTZ-positive cells Inmunoreactive insulin/DNA
ratio
Percent of beta, alpha, delta, ductal, acinar, and other
cells, per analysis of cellular composition using
immunohistochemistry

Viability Percent of IE recovery after 48-hour culture
Microfluorometric membrane integrity test using fluorescent
dyes

Potency Insulin secretory response to glucose challenge in vitro
Diabetic immunodeficient mouse bioassay

Stability Studies repeated before and after islet storage in culture
and shipment

*IE = 1 IE is equal to 1 150-um islet.
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Table 8.5. Current human islet product release criteria

Sample Product Test Specification
Islets Glucose-stimulated Stimulation index >1
insulin release
Viability Must be =70%
Islet enumeration >4,000 IE/kg recipient body weight
Purity Volume of islet prep <10 g of tissue
Islets in medium Mycoplasma Negative
Islet supernatant Gram stain Negative
Endotoxin =<5EU/kg
Aerobic culture Negative
Anaerobic culture Negative
Fungal culture Negative

*IE = 1 IE is equal to 1 150-um islet.

Baseline efficacy assessment includes the determination of insulin requirements,
HbAlc levels, and the number of episodes of severe hypoglycemia, both before
and at intervals after the first and final islet transplant. The basic metabolic testing
profile includes periodic mixed meal testing (Ensure High Protein, formerly
Sustacal, Abbot, Abbot Park, IL) to assess glucose and the C-peptide responses.
The intravenous glucose tolerance test (IVGTT) allows calculation of the acute
insulin response to insulin, glucose disposal (Kg), and areas under the curve for
insulin and C-peptide;*>* it has remained the mainstay assessment of islet graft
function.” Glycemic control in islet recipients has recently been evaluated using a
subcutaneous continuous glucose testing system (CGMS, Minimed, Sylmar, CA),
which measures the glucose every 5 minutes.’*>” Other metabolic tests include:
the homeostasis model assessment (HOMA) to assess insulin resistance;*®* the
Sustacal stimulation index for evaluating posttransplant islet function.!”6*! Acute
C-peptide and insulin responses to intravenous arginine are frequently measured
per the protocol of Teuscher et al.*?

Ryan et al, recently compared metabolic tests in a large series of patients
successfully transplanted under the Edmonton protocol.*® His data indicates that
the acute insulin response to arginine provides the best measure of islet mass post-
transplant, and that insulin response to glucose stimulation correlates better with
the measures of glycemia. An important finding was that the area under the curve
for insulin derived from the IVGTT was lower in islet recipients who eventually
became C-peptide deficient. Further studies are clearly needed to identify, stan-
dardize, and validate measures of islet mass and function in islet recipients and to
assess metabolic markers predictive of nonimmunological islet graft failure.

Advanced metabolic tests performed in islet recipients include glucose poten-
tiation of arginine-induced insulin secretion as a measure of insulin secretory
reserve and islet mass;*? euglycemic hyperinsulinemic clamps, with infusion of
labeled glucose, to quantify peripheral insulin sensitivity and hepatic glucose pro-
duction;® the frequently sampled intravenous glucose tolerance test (FSIVGTT,
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minimal model), as modified by Finegood et al** to quantify glucose tolerance,
insulin response, insulin sensitivity, and glucose effectiveness; and stepped
hypoglycemic clamp tests, to measure hormonal glucose counterregulation,
autonomic, and neuroglycopenic symptoms in response to hypoglycemia.?

Key to any analysis of the benefits of islet transplants are the assessments of the
development, progression, and reversal of microvascular and macrovascular
complications; health-related quality of life; cost-utility; and life expectancy. The
first pilot study to address health-related quality of life in islet recipients used
telephone interviews; the survey instruments were the Health Utilities Index Mark
3, SF-32 version 2, Hypoglycemia Fear Survey, and Audit of Diabetes Dependent
Quality of Life Survey®® and showed a marked improvement in studied parameters.

Immunosuppression. Shapiro et al developed a glucocorticoid-free immunosup-
pressive protocol, which markedly improved islet transplant outcomes. Their pro-
tocol consisted of the IL-2 receptor blocker daclizumab for induction, then
sirolimus and low-dose tacrolimus for maintenance immunosuppression.?
Daclizumab induction therapy was given intravenously at a dose of 1 mg/kg every
14 days for a total of 5 doses over a 10-week period, thus allowing an extended
period for a supplemental islet transplant procedure. If the second islet transplant
procedure occurred more than 10 weeks after the first, the course of daclizumab
was repeated. No glucocorticoids were given at any time. Sirolimus was dosed to
achieve and maintain trough levels of 12 to 15 ng/mL for the first 3 months and of
7 to 10 ng/mL thereafter. Tacrolimus was administered at an initial dose of 1 mg
twice daily, then adjusted to maintain a trough concentration at 12 hours of 3 to 6
ng/mL. Type 1 diabetic islet allograft recipients reliably achieved and maintained
freedom from the need of exogenous insulin after transplantation of an adequate
mass of islets prepared from 2 to 4 donor organs, suggesting that the protocol by
Shapiro et al protected against alloimmune and autoimmune reactivity.?*%

The success reported by the Edmonton group using glucocorticoid-free
immunosuppression involving sirolimus has been confirmed by other institu-
tions.*>7-® Immunosuppression with daclizumab, sirolimus, and reduced-dose
tacrolimus has evolved as the gold standard for type 1 diabetic islet transplant
recipients. A multicenter trial (with 9 participating islet transplant centers in North
America and Europe) is currently underway to evaluate, in more detail, the safety
and efficacy of the Edmonton immunosuppressive protocol.

The acute, and in particular, long-term risks associated with novel immuno-
suppressive regimens are unknown. The preliminary results on about 300 islet
recipients since 1995 provide only incomplete information as to the risks of im-
munosuppression. Since publication of the Edmonton trial, most islet transplants
are performed as solitary islet transplants in nonuremic recipients whose diabetes
is complicated by hypoglycemia unawareness. Invasive CMV disease, opportunistic
infections, post-transplant lymphoproliferative disorders, and other malignancies
have not been reported in this recipient category. These encouraging results are
presumably related to the small CMV viral load transferred with islet products,”
the exclusion at most institutions of EBV-negative patients from participation in
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islet transplant trials, and the very low incidence of treated rejection episodes in
islet recipients immunosuppressed with sirolimus and reduced-dose tacrolimus.

For recipients of an islet-after-kidney transplant procedure, there are special
considerations for immunosuppression. Recipients that have a successful kidney
transplant may be prescribed an immunosuppressive regimen that differs from
the corticosteroid-free protocol described by the Edmonton group. Conversion of
immunosuppression to the Edmonton protocol prior to islet transplantation may
be necessary to improve results over those previously reported.®*’172In those three
series, [AK recipients were continued on cyclosporine-based immunosuppression
with an antimetabolite adjuvant. At the time of IAK, prednisone boluses were
administered—typically 500-1000 mg of prednisolone, with or without an antibody
induction agent. The detrimental effects of steroids, and the beneficial effects of
induction therapy have been well documented in preclinical large animal models
of islet transplantation.?® Therefore, modifications and consistent application of
the newer immunosuppression approaches to islet transplantation may be needed
to achieve insulin independence following IAK.

There are at least two situations that describe approaches to kidney transplant
immunosuppression that have implications with respect to preparation for a
subsequent IAK transplant. The first scenario includes renal transplant recipients
with Type I diabetes that were initially prescribed a “conventional” immuno-
suppression regimen including corticosteroids at the time of kidney transplantation
prior to any consideration of an IAK procedure. A typical immunosuppression
protocol might entail cyclosporine, azathioprine (or mycophenolate mofetil) and
prednisone. This situation in which immunosuppression was initially prescribed
in consideration of the kidney transplant only is referred to as a “casual approach.”
In this circumstance the patient would undergo immunotherapy conversion to
that resembling the Edmonton protocol of tacrolimus and sirolimus without
corticosteroids prior to the IAK transplant.

The second scenario includes renal transplant recipients with type I diabetes
that are prescribed an immunosuppression regimen in which the corticosteroids
are avoided or immediately rapidly eliminated following the kidney transplantation
in anticipation of the subsequent islet transplant. This approach is referred to as
“expectant immunosuppression.” The combined use of tacrolimus and MMF with
an IL-2 receptor antagonist allows corticosteroids to be withdrawn within 3 days
of renal transplantation.” The risk of a renal allograft rejection episode is
approximately 13%, (85-90% of occurring within 3 weeks of transplantation),
and 100% were reversible with appropriate anti-rejection therapy. One of the criti-
cisms of steroid avoidance protocols is that the long-term results are not known.
The long-term outcome of steroid avoidance was addressed by Birkeland.” A 5-year
follow-up of 100 kidney transplant recipients indicated that renal allograft sur-
vival was not compromised by omitting chronic steroid exposure.

The ability to coordinate the approach of renal transplant immunotherapy with
subsequent medical conversion including possible corticosteroid withdrawal in
preparation of the islet transplant requires that there is integration of the kidney
and islet transplant programs. A functionally integrated program also assumes
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that decisions regarding the application of whole pancreas transplantation would
have been considered for some recipients of a functioning kidney allograft.

Host Autoimmune Responses to Transplanted Islets. The immune response to
transplanted islets and autoantigen has been measured in recipients with
functioning and failing islet allografts. One-year islet allograft survival in recipients
with positive autoantibodies (GAD65 or ICA) before or after their transplant
compared unfavorably with survival in recipients who remained autoantibody-
negative.” The clinical relevance of autoimmunity after islet transplants was
confirmed by another study: insulin independence was achieved in >60% of
recipients without, but not in any recipients with, autoantibody elevations.” The
study by Bosi et al’® also identified glutamic acid decarboxylase (GAD) as the key
autoantigen in the reexposure of patients with autoimmune diabetes to islet beta
cells. Recurrent autoimmunity was independent of donor-recipient HLA matching
and autoantibody titer at the time of the transplant; autoimmunity also recurred
in the absence of alloimmunity.

FUTURE DIRECTIONS

After almost 3 decades of persistent trials, islet transplants are only beginning
to contribute in a clinically significant fashion to the treatment of a select group
of people with type 1 diabetes. While the success of the Edmonton trial has been
considered a turning point, challenges remain. With currently available technology,
only half of all pancreata processed for islets now meet release criteria for clinical
transplants. Islets from 2 donor pancreata are still required to reliably reverse dia-
betes. It is reasonable to assume that 4 pancreata are actually required to reverse
diabetes, making islet transplants much less effective than vascularized whole-
organ transplants, at least for now. The next critical step is to enhanced the viable
islet mass retrievable from 1 donor pancreas by optimizing the entire islet isolation
process until consistent diabetes reversal after transplants of islets prepared from
a single donor pancreas is achieved. This achievement would have a marked impact
on pancreas allocation for islet transplants. It would represent a significant boost
to the field. Achieving this outcome will also require application of innovative
therapies that enhance islet engraftment and early function in combination with
new approaches of immunosuppression that minimze the metabolic demand on
transplanted islets.

With the development of new immuosuppressive preconditioning and
maintenance agents, the immunosuppressive risks now associated with islet
transplants will continue to diminish. This will permit a greater number of
individuals to be transplanted earlier in the course of their disease without unac-
ceptable immunosuppressive risk. Tissue availability will be the limiting factor in
determining the magnitude of the impact of islet transplants on treating diabetes.
Until the day that islet preparations can be taken down off the shelf for trans-
plantation, only a small proportion of the millions of persons with diabetes can
be treated by cellular replacement. Intense research in developmental and stem
cell biology and xenotransplantation aims to achieve those goals.
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Appendix 8.1.

Center for Biologics Evaluation and Research (CBER)
www.fda.gov/cber
1-800-835-4709

A Proposed Approach to the Regulation of Cellular and Tissue-based Products, (62 FR
9721) — available at http://www.fda.gov/cber/gdIns/CELLTISSUE.pdf

Guidance for Industry: Guidance for Human Somatic Cell Therapy and Gene Therapy (63
FR 36413) — available at http://www.fda.gov/cber/gdlns/somgene.pdf

Transcript of discussion of allogeneic pancreatic islets by FDA Biologic Response Modifier
Advisory Committee— available at http://www.fda.gov/ohrms/dockets/ac/cber00.htm

Federal Register. Establishment Registration and Listing for Manufacturers of Human
Cellular and Tissue-Based Products; Final Rule (1/2001) - available at http://fda.gov/cber/
rules.htm

Federal Register. Current Good tissue Practice for Manufacturers of Human Cellular and
Tissue-Based Products; Inspection and Enforcement; Proposed Rule (1/2001) - available
at http://fda.gov/cber/rules.htm-gtp

It is generally anticipated that pancreas transplants will someday be largely
replaced by islet-cell transplants. Just as pancreas transplants set the stage for islet
transplants, the real value of islet transplants will be to create and build momentum
for the development of surrogate beta cells that will then make cell replacement
therapy routine and commonplace. Then beta-cell replacement will become the
premier treatment option for people with type 1 diabetes. The current break-
throughs of today are providing an exciting and solid foundation on which
tomorrow’s success will be built.
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INTRODUCTION

Orthotopic liver transplantation is the accepted therapeutic option of choice
for acute and chronic end-stage liver disease. The indications and contraindications
to liver transplantation have become standardized, as has the operative and post-
operative management. This chapter will address the evaluation and management
of patients with acute and chronic liver failure with particular emphasis on recipi-
ent selection, operative and postoperative management, and will consist of a prac-
tical approach to patients undergoing liver transplantation. Our goal is to provide
helpful guidelines to caregivers involved in the care of these complex patients.

Liver failure can present as either acute (fulminant and subfulminant failure)
or chronic (advanced cirrhosis). The term decompensated cirrhosis reflects the
presence of one or more complications. Each disease etiology presents unique
features and it is therefore important to recognize these distinctions. In the pre-
transplantation era, liver failure was associated with an almost universal fatal out-
come, with a spontaneous survival in fulminant hepatic failure of 10-20% and a 1
year mortality in decompensated cirrhosis of >50%. In contrast, liver transplan-
tation patient survival outcomes are presently >85% at one year and >70% at five
years, underlining the application of liver transplantation as the standard of care
in patients with both acute and chronic liver failure. In addition, the advent of
both split liver transplant and live-donor liver transplantation offers additional
hope to patients with liver failure in the presence of an ever-growing cadaveric
organ shortage.

A. LIVER TRANSPLANTATION FOR PATIENTS WITH ACUTE LIVER FAILURE

Acute liver failure (ALF) is often used synonymously with fulminant liver fail-
ure. ALF is defined as an acute hepatic deterioration not preceded by evidence of
chronic liver disease, which has progressed from the onset of jaundice to the de-
velopment of hepatic encephalopathy in less than 8 weeks.!

Subsequent refinements include a division between fulminant (<2 weeks) and
subfulminant hepatic failure (>2weeks), a difference that reflects the greater pre-
dominance of brain edema and intracranial hypertension in patients with a shorter
interval between the onset of jaundice and the development of encephalopathy.
More recently, a differentiation between hyperacute (< 1week), acute (1-4 wks)
and subacute failure (>4 wks) has been suggested. Both drug-induced hepatic
failure and an indeterminate etiology appear to be more commonly associated
with a longer interval. There are also geographic differences in the etiology of
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fulminant hepatic failure. Hepatitis E is a common cause of ALF during preg-
nancy in India but is not seen in the United States. A recent survey of 295 cases in
the U.S. (Table 9.1) showed acetaminophen intoxication as a leading cause, fol-
lowed by nonA-nonE (also termed cryptogenic) and drug-induced failure.> Ac-
etaminophen toxicity was associated with the best spontaneous survival (60%),
and it is important to recognize its etiologic role in patients with either underly-
ing alcohol consumption or with poor food intake, in whom lower daily doses (4
grams rather than 10-12 grams) may induce severe liver injury. The cause of nonA-
nonE fulminant hepatitis remains elusive. Although a transmissible agent has been
implicated, hepatitis C, hepatitis G or TTV (transfusion-transmitted virus) have
been shown not to be the culprits. Drug-induced hepatic failure has a particularly
poor prognosis and spontaneous survival is rare once encephalopathy develops.

Clinical evidence of intracranial hypertension include, hyperventilation,
opisthotonus, hyperpronation-adduction of the arms, cardiac arrhythmia, myo-
clonus, seizures, poorly reactive pupils.

Patients with ALF present initially with vague symptoms, such as anorexia and
malaise. Attention by patients and their caregivers may not focus on the diagnosis
of liver failure until jaundice is evident. Patients often describe a syndrome sug-
gestive of and consistent with a viral illness. When jaundice is identified, liver
function tests typically reveal massive elevations in AST and ALT, elevated biliru-
bin, significant elevation in the PT, and, in some patients, metabolic acidosis. If
Tylenol overdose is suspected, acetaminophen levels should be obtained and the
patient should be started on IV acetyl cysteine (Mucomyst). A delay in diagnosis
may lead to referral of a patient with ALF late in the clinical course, resulting in
advanced cerebral edema.

Table 9.1.  Etiology of fulminant hepatic failure in the United States’

Spontaneous
% Survival (excludes

death or transplantation)

Acetaminophen 60 20% 60%

Hepatitis nonA-E 44 15% 10%

Drug-induced 33 12% 10%

Hepatitis B 30 10% 15%

Hepatitis A 21 7% 35%

Miscellaneous 122 Wilson’s disease, acute fatty liver of

pregnancy, Budd-Chiari Syndrome
mushroom intoxication, ischemic injury,
tumor infiltration, autoimmune hepatitis,
rare viruses (herpes, adenovirus).
Total of series 295
Fulminant hepatic failure typically affects young individuals who had previously been in a
perfect state of health and, prior to the availability of liver transplantation, was associated
with 80 to 90 percent mortality, especially in patients who progressed to grade 3 or 4
hepatic encephalopathy. With successful transplantation, >90% of patients survive.?
Although many factors contribute to the deterioration and death of these patients, the
terminal event is typically brainstem herniation as a result of progressive brain swelling.
Hepatic encephalopathy is typically divided into 4 stages. Furthermore, coma in stages 3
and 4 is subdivided into 4 grades.(Table 9.2).
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Table 9.2a. Hepatic encephalopathy

Stage 1 Slowing of consciousness

Stage 2 Drowsiness

Stage 3 Confusion, reactive only to vocal stimuli

Stage 4 Presence of deep coma with absence of reaction to vocal stimuli

Table 9.2b. Grading of coma in stages 3 and 4

Grade 1 Reactivity to vocal stimuli

Grade 2 Absence of reactivity to vocal stimuli, but with a coordinated
response to painful stimuli

Grade 3 Absence of reactivity to vocal stimuli with a incoordinated response
to painful stimuli

Grade 4 Brain death

It is essential that these patients be admitted and monitored closely in a special-
ized liver unit where frequent surveillance of their LFTs, PT, CBC, blood gases,
blood sugars, electrolytes, and neurological status is performed. With Tylenol over-
dose, liver transplantation can be prevented if therapy is initiated early. With pro-
gression of encephalopathy to stage 3 or 4, the patient should be intubated for
airway protection, as these patients have a very high incidence of aspiration as
they deteriorate neurologically. An NG tube should be placed at this time and
lactulose initiated. The patient should be started on an H2-blocker to prevent
ulceration. A Foley catheter should be placed, as well as an arterial line. Central
venous monitoring should be entertained if there is a deterioration in renal func-
tion or hemodynamic instability. An intracranial pressure monitor should be placed
if the patient’s neurologic status cannot be followed clinically, in order to accu-
rately assess progressive brain swelling.* Cerebral perfusion pressures determined
by subtracting the intracranial pressure from the mean arterial pressure provides
a marker for cerebral perfusion. In the case of sustained untreatable cerebral
hypoperfusion, the patient may no longer be considered a transplant candidate
since irreversible brain injury may occur. If there is evidence of ongoing brain
swelling, hyperventilation and/or mannitol may help temporarily.

Prior to the availability of liver transplantation, many non-surgical approaches
were attempted in patients with acute liver failure including exchange transfu-
sions, steroids, hemodialysis, and charcoal hemoperfusion. Unfortunately, none
of these approaches have been particularly successful. There is new evidence that
hypothermia may help to delay brain swelling which is often the terminal compli-
cation, but further assessment of this approach is needed. Presently, liver trans-
plantation is considered the best therapeutic option for acute liver failure not
thought to be reversible. The criteria for determining whether a patient will need
liver transplant or not include factor V level less than 30%, pH less than 7.3%,
INR >6.5, stage 3 or 4 encephalopathy, and lack of response to medical therapy
within 20 to 48 hours.(Table 9.3)
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Early referral to a liver transplantation center is essential since: a) it is difficult
to predict which patients will recover spontaneously; b) deterioration can occur
very suddenly; c) there is a shortage of donor organs and the chance of receiving a
transplant is greater with early placement on the waiting list; and d) once brainstem
herniation has occurred, patients are not salvageable by liver transplant or by any
other means.

It is important to recognize etiologies of fulminant hepatic failure in which
transplantation is contraindicated. These include diffuse infiltration of the liver
by lymphoma or extensive liver metastases as an initial manifestation of malig-
nancy. Hepatic ischemia can be a manifestation of left-sided ventricular failure
without signs of congestive heart failure. Acute hepatic vein thrombosis, with ful-
minant failure as a result of venous outflow block, is best treated with a decom-
pression procedure (side-to-side portacaval shunt) rather than organ replacement.

OPTIONS FOR HEPATIC SUPPORT

Due to the severe shortage of human donors, many patients with acute liver
failure die waiting for a suitable organ. For this reason, these patients should be
referred to centers which are not only capable of liver transplantation, but which
are also capable of supporting such patients until an organ becomes available. In
addition to standard medical supportive measures, several strategies are being
developed to provide temporary hepatic support.(Table 9.4) These options are
discussed in the ensuing section.

Charcoal hemoperfusion systems have been evaluated as artificial liver support
devices. Although some studies have suggested a survival advantage with fulmi-
nant hepatic failure of certain etiologies’, most patients do not appear to benefit.
Other forms of artificial liver support have included dialysis-like systems coupled
with absorbant technology. One system in this category, which is currently under-

Table 9.3. Criteria for transplantation of acute liver failure

Kings College Criteria’
+ Acetaminophen toxicity
*  ph < 7.30 (after hydration and regardless of degree of encephalopathy)
or
INR >6.5
creatinine >3mg/dl
Encephalopathy III-IV
+ Non-acetaminophen etiology
+INR >6.5 irrespective of degree of encephalopathy
or 3 of the following five criteria
Age<10, >40
Etiology: nonA-E hepatitis, drugs
Duration of jaundice before encephalopathy >7 days
INR >3.5
Serum bilirubin >17.5 mg%.
Clichy Criteria®
+ Factor V <20% (age <30 years) or 30% (age >30 years)
+ Confusion and/or coma
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Table 9.4. Options for hepatic support

Artificial liver support devices
Bioartificial livers

Hepatocyte transplantation
Extracorporeal liver perfusion
Artificial liver support systems

going clinical trials, utilizes dialysis fluid containing charcoal and a cation exchange
resin to bind toxic substances in the blood. A pilot study performed in acute liver
failure patients showed that this system was well tolerated and could produce bio-
chemical improvements, although its ability to reverse the progression to termi-
nal brain swelling has not be demonstrated. A second support device, the molecular
absorbents recirculating system (MARS), consists of a dialysis system where the
polysulphone membrane is impregnated with albumin and the dialysate enriched
with albumin to facilitate the removal of toxic metabolites.® A third artificial liver
support system, the microsphere based detoxification system (MBS), involves
plasma recirculation at very high flow rates with all flow being exposed to particle
size absorbents, which provide a large surface area for absorption.’

Bioartificial Liver Support Systems

Another approach consists of a Bioartificial Liver (BAL). In this system, plasma
obtained with a centrifugal plasma separator is subsequently perfused through
microcarrier bound porcine hepatocytes.'® This device has been studied clinically
with some promising early results. It is difficult to determine what role the hepa-
tocytes played in these instances since a charcoal column is also included in the
circuit. An alternative approach, the Extracorporeal Liver Assist Device (ELAD),
utilizes blood perfusion through hollow fiber membranes surrounded by cells of
a human tumor cell line (C3A)."!

Hepatocyte Transplantation

More recently, hepatocyte transplantation has been used successfully to treat
certain metabolic disorders'? and preliminary data indicate that it may also be
effective in acute liver failure. However, the number of cryopreserved hepatocytes
required to achieve success may limit the utility of this approach.

Extracorporeal Liver Perfusion

This approach overcomes many of the problems associated with the previous
approaches including: a) the inability to support all the functions provided by the
liver and b) inability to provide enough hepatic support to overcome the derange-
ment associated with fulminant hepatic failure. Both human and porcine livers
have been used successfully with this approach. Since the shortage of human liv-
ers remains the essential problem in patients with fulminant hepatic failure, the
only human livers which will be available for this technique will be those of poor
quality and that are not usable for transplantation.
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With this approach, an extracorporeal circuit perfuses blood from the femoral
vein, incorporates a centrifugal pump and a tissue oxygenator which lead to the
porcine liver (which is kept in a sterile temperature controlled environment at the
bedside), and then returns the blood to the patient through the jugular or axillary
vein.(Fig. 9.1) This approach has been successful in the past in providing both
biochemical and neurological improvement in patients. More recently, successful
‘bridging’ to successful liver transplantation has been achieved.?® The limiting fac-
tor with porcine livers has been a vascular rejection that occurs within 2 to 4 hours
of perfusion due to preformed human antibodies to porcine endothelium.

Because of severe organ shortages, recent interest in xenotransplantation has
led to strategies which have overcome the early rejection associated with pig to
primate transplantation.'* The most exciting of these approaches has been the
development of pigs which are transgenic for human complement regulatory pro-
teins (CD55 and CD59). In this setting, complement activation does not occur in
pig endothelium and early rejection can be potentially avoided. Transplantation
of organs from transgenic pigs to non-human primates extends kidney graft surviv-
als from hours to weeks when compared to organs from non-transgenic pigs. There-
fore, it is anticipated that prolongation of survival will provide a period of hepatic
support, which will clearly exceed that experienced with non-transgenic pig livers.

B. LIVER TRANSPLANTATION FOR PATIENTS WITH CHRONIC LIVER
DISEASE

COMPLICATIONS OF CIRRHOSIS
Cirrhosis can arise from two major categories of disease: hepatocellular and
cholestatic. Within both groups, further subclassifications can be delineated.(Table

FAAAR

Fig. 9.1. Extracorporeal liver perfusion circuit (see text).
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9.5) While all etiologies share common features of liver failure once an advanced
stage is reached, unique aspects of each etiology influence management during
and following transplantation.

Liver transplantation is also indicated for patients with certain metabolic dis-
eases that can present with liver failure in the absence of cirrhosis.(Table 9.6) This
is more common in the pediatric population, but can occasionally extend into
young adulthood. Other congenital abnormalities (urea cycle enzyme deficien-
cies, familial hypercholesterolemia, familial amyloidosis) can present with extra-
hepatic manifestations that are so severe that liver transplantation is recommended
in the absence of hepatic disease. Finally, a miscellaneous group of chronic disor-
ders may require transplantation in the absence of both cirrhosis and hepatic failure.

PATHOPHYSIOLOGY OF CHRONIC LIVER DISEASE

The pathophysiology of advanced liver disease results in two cardinal patho-
physiological abnormalities: hepatocellular failure and portal hypertension. In acute
liver failure, portal hypertension is seldom a clinical problem while in cirrhosis,
an increased portal pressure may give rise to complications while hepatocellular
function is preserved. The importance of these two factors is recognized in the
Child-Turcotte-Pugh classification, a prognostic tool in patients with
cirrhosis.(Table 9.7)

PORTAL HYPERTENSION

Portal pressure rises as a result of both a high hepatic vascular resistance and an
increased portal venous inflow. The anatomical site of the increased vascular re-
sistance in the liver will vary with different etiologies of cirrhosis®, the hepatic
sinusoids being the critical site for alcoholic cirrhosis. A functional component to
this resistance may also be present, as transformed stellate cells in the sinusoids
may respond to vasoconstrictive stimuli, such as endothelin. Once a critical level
of portal hypertension is reached (hepatic venous pressure gradient of 10-12 mmHg,
defined by the pressure gradient between the portal vein and the hepatic vein), por-
tal-systemic collaterals form in an attempt to decompress the portal system. Portal
hypertension is sustained by the development of increased portal venous inflow.

This increase in portal flow is part of a generalized hemodynamic abnormality
of both acute and chronic liver failure consisting of a hyperdynamic circulation.
The mechanisms which contribute to the arteriolar vasodilatation are under in-
vestigation, but an increased production of nitric oxide in the vascular endothe-
lium and hence low systemic vascular resistance may explain the levels of circulating
cytokines (such as TNFa) that are present in patients with both acute and chronic
liver disease. The hyperdynamic state has repercussions on other organs, such as
lung and kidneys, which pose specific problems in the management of the patient
before, during and after liver transplantation.(Fig. 9.2)

Hepatocellular Failure

The “intact hepatocyte” theory of hepatocellular failure postulates that a criti-
cal number of viable hepatocytes is needed to maintain liver function. The “sick
hepatocyte” theory suggests a generalized malfunction of individual cells. There
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Table 9.5. Cirrhosis and liver transplantation

Special Considerations for Liver Transplantation (OLT)
Hepatocellular Diseases

Chronic hepatitis
Hepatitis B Virus should be non-replicating (HBV-DNA negative)
Hepatitis D Co- or superinfects Hepatitis B. Rare in the US
Hepatitis C Important to exclude alcohol as comorbid factor
Autoimmune Pre-OLT medication may affect post-OLT bone disease
Drug-induced Examples: nitrofurantoin, alphamethyldopa
Steatohepatitis
Alcohol Abstinence and social support critical for OLT.
Obesity Increasing prevalence of cirrhosis. Rate of recurrence.
Drug-induced Example: Amiodarone.

Vascular disease
Chronic Budd-Chiari Acute occlusion is amenable to decompressive surgery.
syndrome R/O myeloproliferative syndrome, thrombotic tendency.
Inborn errors
of metabolism
Hemochromatosis ~ Cardiac involvement results in increased OLT morbidity.
Alpha-1-antitrypsin  Lung disease is rare in the presence of liver cirrhosis

deficiency
Wilson’s disease OLT for acute disease not amenable to medical therapy
Glycogen storage Can present in early adulthood.

disease type I/IIT

Cholestatic Diseases
Disease of intrahepatic bile ducts

Biliary atresia Kasai procedure may offer relief for a few
years before OLT.

Primary biliary cirrhosis Bone disease can be especially problematic
post-OLT.

Drug-induced disease Examples: Chlorpromazine, tolbutamide.

Familial cholestasis Byler’s syndrome, arteriohepatic dysplasia.

Cystic fibrosis Insipissated bile syndrome leading to
cirrhosis.

Disease of extrahepatic bile ducts

Primary sclerosing Secondary cholangiocarcinoma may

cholangitis contraindicate OLT.

Secondary biliary Requires Roux-en-Y anastomosis at OLT.

cirrhosis

may be elements of both theories in advanced of cirrhosis. On a practical level, the
3 biochemical tests used in the Child-Turcotte-Pugh classification have not been
superseded by more sophisticated tests, such as those that arise from tests of drug
metabolism (e.g., lidocaine, caffeine).

Recipient Evaluation

A thorough evaluation of the subject’s candidacy for liver transplantation must
include an assessment of the need, urgency and technical feasibility of OLT. The
acuity and extent of the investigation is frequently determined by the severity of
liver disease. In patients with fulminant hepatic failure, in whom therapeutic de-
cisions need to be made over a short interval, the evaluation phase may need to be
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Table 9.6. Liver abnormalities without cirrhosis

Congenital abnormalities

Urea cycle enzyme Severe hyperammonemia may cause

deficiency neurological deficits.

Homozygous Important to assess status of coronary
hypercholesterolemia arteries pre-OLT.

Primary hyperoxaluria May also require renal transplantation.
type I

Familial amyloidotic Need to assess cardiac status. Disease may be
polyneuropathy too advanced.

Developmental abnormalities
Polycystic liver disease OLT indicated for symptoms from massive

hepatomegaly

Chronic biliary sepsis can be an indication

for OLT.

Caroli’s disease

Table 9.7. Prognosis in cirrhosis. Child-Turcotte-Pugh classification

Points 1 2 3

Reflecting Portal Hypertension

Ascites None Controlled Not controlled

with meds
Hepatic encephalopathy None Controlled Not controlled
with meds

Reflecting Hepatocellular Failure

Bilirubin (mg%) 0-2 2-3 >3

Prothrombin time (secs prolonged) 0-3 3-6 >6

Albumin (g%) >3.5 2.8-3.5 <2.8

Minimum score: 5. Maximal score: 15
CTP Class: A:5-6

B:7-9

C:=10

streamlined and accelerated. The recipient evaluation includes the investigation
of four major areas:

i) Assessment of Etiology of Liver Disease

This aspect requires an adequate history, physical examination and laboratory
testing.(Table 9.8) Radiologic imaging of the liver and endoscopic evaluation of
the GI tract are also needed. A liver biopsy, obtained either percutaneously or via
the transjugular route in patients with ascites and severe coagulopathy, can pro-
vide a definitive diagnosis and may be critical in selected patients with acute liver
failure and for others in whom alcoholic hepatitis is suspected.

ii) Assessment of the Complications of Cirrhosis

Several complications of cirrhosis signal the need to proceed with liver trans-
plantation and require selective diagnostic tests. The tools to complete such work-
up are delineated in Table 9.9.
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Fig.9.2.

iii) Assessment of Exclusion Criteria (Contraindications)

Older recipients are increasingly referred for evaluation. Although there is no
absolute chronological limit for age above which transplantation is contraindi-
cated, evaluation of physiological age requires a thorough clinical assessment.
Adequate evaluation of cardiac function is critical. Obese and diabetic individuals
are also at risk of atherosclerotic vascular disease and require full cardiovascular
evaluation. While non-invasive cardiac testing may be adequate in the younger,
otherwise healthy candidate, this will be insufficient for patients at risk (Table
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Table 9.8.  Testing to assess etiology of liver disease (blood tests)

Hepatitis B, HBV-DNA, HBeAg, anti-HBe, and anti-Delta Abs.
Hepatitis C, HCV-RNA, HCV genotype

Autoimmune: Anti-smooth muscle Ab (ASMA), Antinuclear Ab (ANA),
Antimitochondrial Ab (AMA).

Alpha-1-antitrypsin level/phenotype.

Wilson: Ceruloplasmin, 24 hr urine copper, liver copper.
Hemochromatosis: Iron saturation, ferritin, HFE gene test.

Blood group (for listing purposes)

Table 9.9. Testing to assess the complications of liver disease

Arterial blood gases: r/o hypoxemia/hepatopulmonary syndrome
Liver imaging: r/o hepatocellular carcinoma (HCC)

Serum alpha-fetoprotein, Cal9-9: r/o HCC, cholangiocarcinoma
Doppler ultrasound: r/o portal vein thrombosis (PVT)

Upper gastrointestinal endoscopy: Assess portal hypertension
Bone densitometry: Selected patients

Neuropsychological testing: Selected patients

Table 9.10. Testing to exclude contraindications

Infectious disorders: HIV, syphilis, CMV, EBV, toxoplasmosis
Malignancy: Colonoscopy in primary sclerosing cholangitis (ulcerative
colitis)

ERCP in primary sclerosing cholangitis (cholangiocarcinoma)

In HCC: bone scan, lung CT (metastatic workup)

Screening (colon, breast, cervical, prostate cancer)
Cardiopulmonary status: CXR, EKG, 2D-Echo (routine)

Thallium stress test, coronary angiography (patients at risk)

9.10). Other organs also require attention. Bone disease post-transplantation is
affected by the pre-transplantation bone status (especially in older patients, those
receiving corticosteroids pre-transplantation and those with cholestatic liver dis-
ease) and post-transplant medications. Bone densitometry is required in such in-
dividuals for adequate evaluation and follow-up.

Pulmonary Function Tests

Co-existing medical conditions need to be ascertained. Uncontrolled infection
outside the biliary tree is an absolute contraindication to transplantation. In the
case of malignancy, metastatic hepatobiliary and extrahepatic malignancy are also
absolute contraindications. For other neoplasias, a waiting period of 5 years after
treatment of a solid organ tumor and 2 years for a hematological disorder is rec-
ommended. The presence of AIDS is a contraindication to transplantation, as post-
transplant immunosuppression accelerates the course of the disease. Irreversible
brain damage and multiorgan failure also preclude the liver transplant procedure.
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iv) Psychosocial Assessment

It is important to predict the ability of the candidate to exhibit discipline and
responsibility during his post-transplant care. Assessment of the patient’s life style,
psychological stability (including his/her perception of disability) and extent of
family support require interaction with Psychiatry/Social Work support services.
This evaluation is critical for patients with alcoholic liver disease, in whom the
ability to abstain from alcohol post-transplant can be assessed by the ability to
abstain before transplantation (at least 6 months), employment history and a sup-
port structure (family, friends). Patterns of drug abuse need to be explicitly dis-
cussed. Emergency psychiatric assessment is needed for acute hepatic failure from
ingestion of acetaminophen with suicidal intent, as an interview should occur
before the patient develops an altered mental state. If the latter is present, the team
needs to rely on the individual history (e.g., previous suicidal attempts) and a
family interview to reach a decision.

SELECTION CRITERIA AND LISTING PROCESS

The decision to proceed with transplantation requires a careful assessment of
the etiology and staging of liver disease, the complications of cirrhosis, potential
contraindications, and a comprehensive psychosocial evaluation. The results of
the work-up may not be clear-cut and a determination to exclude a candidate can
be difficult, especially when the alternative outcome to the patient is certain death.
A Multidisciplinary Transplant Review Board, composed of all individuals involved
in the different aspects of care of the transplant recipient, needs to weigh dispas-
sionately the pros and cons of each candidate in order to reach a rational decision.
Input from consulting physicians, psychiatry, ethicists and social workers is criti-
cal to resolve specific situations. Each candidate must have an advocate who pre-
sents his/her case to the selection committee and the vote to proceed must be
unanimous.

The patient needs to meet minimal listing criteria before placed in the waiting
list (Child-Turcotte-Pugh score of at least 7 for most causes of cirrhosis). Once
listing is approved, the patient is awarded a priority based on the current UNOS
organ allocation scheme, the Model for End Stage Liver Disease (MELD). This
scheme, based on predicted three-month mortality of patients awaiting liver trans-
plant, uses laboratory values to generate a score which determines priority. The
MELD equation incorporates serum creatinine, serum bilirubin, and international
normalized ration (INR) as illustrated in Table 9.11.

Table 9.11. Model for end stage liver disease (MELD)

MELD Score =0.957 x Log (creatinine mg/dl)
+0.378 x Log (bilirubin mg/dl)
+1.120 x Log (INR)
+0.643
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CLINICAL MANAGEMENT WHILE AWAITING LIVER

TRANSPLANTATION

With the increasing waiting times, maintaining the patient in an acceptable
medical condition in order to undergo a successful liver transplant is a challenge
for the managing team. Both prophylactic measures and therapeutic interven-
tions are needed to deal with the numerous complications that can arise.

TIMING OF LIVER TRANSPLANTATION

A sound knowledge of the natural history of disease is essential in the decision
making process vis-a-vis the timing of transplantation. The development of com-
plications typically results in an upgrade of the priority status for transplantation
in exchange for a higher surgical mortality and a large increase in cost. This ap-
parent paradox cannot be resolved given the current organ shortage. In acute liver
failure, prognostic criteria have been developed to assess the necessity for urgent
liver transplantation. In patients with chronic liver disease, the prevention and
management of potential complications requires an inordinate amount of atten-
tion and comprehensive care on the part of the clinician.

PROPHYLAXIS OF COMPLICATIONS

Patients in the waiting list are at risk for developing HCC. Screening with ultra-
sound and alpha-fetoprotein level determination every 6 months is performed by
most transplant centers. Screening upper endoscopy to rule out the presence of
medium/large varices with red wheals is also reccommended, as these patients may
benefit from prophylaxis of variceal hemorrhage with beta-blockers. Hepatitis B
vaccination is seldom useful in advanced stages of liver disease, but is reccommended
by some centers. Hepatitis A vaccination has become recently available and its
utility in patients with liver disease is currently being evaluated.

THERAPY OF COMPLICATIONS

The rationale for each therapy is beyond the scope of this handbook and the
reader is referred to standard references.!®!” Each of the four major complications
has a management protocol.(Table 9.12) However, the development of one com-
plication can trigger additional problems. GI hemorrhage and infection have the
potential of aggravating liver and renal function, while intractable ascites impairs
respiratory function and aggravates malnutrition. Overt hepatic encephalopathy
can result in aspiration pneumonia and may require prophylactic tracheal intu-
bation. Fluid overload in the setting of renal failure and severe hypoalbuminemia
requires extracorporeal measures for correction, such as CVVH (continuous
venovenous hemofiltration). These patients require extensive and intensive sup-
port to overcome these problems.

RECIPIENT OPERATION

When a suitable donor is identified for a recipient, a rapid evaluation of the
recipient is done so that any potential contraindications that may have arisen dur-
ing the waiting period are noted and appropriately investigated. Please refer to the
appropriate chapters for donor and anesthetic issues. The ensuing section will
address the technical aspects of liver transplantation.
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Table 9.12. Treatment of complications of cirrhosis

A. Variceal Hemorrhage
Initial hemostasis
+ Pharmacological therapy
Vasopressin (0.1-0.4 U/min) and nitroglycerin (start with 1 mg/kg/min iv).
Octreotide [100 ucg bolus, 50 ucg/hr infusion (still unproven when given alone)]
+ Endoscopic therapy
Variceal band ligation preferred over endoscopic sclerotherapy.
Fundic varices not amenable to endoscopic therapy in the US.
+ Mechanical tamponade
Sengstaken-Blakemore tube requires knowledge of potential complications.
Prevention of early rebleeding
+ Octreotide infusion for 5 days
+ Treatment of bacterial translocation: Norfloxacin 400 mg/day.
Maintenance therapy
+ Pharmacological therapy
Propranolol, to reduce portal pressure by 20%, start with 20 mg bid (requires hepatic vein
catheterization) or
Maximal dosage that reduces heart rate to 25% of baseline or not<55 beats/minute.
If portal pressure reduction not attained, add isosorbide mononitrate 5 mg bid.
Endoscopic therapy
Continue variceal band ligation until erradication of varices (achieved with 4-5 sessions in
40-50% of patients).
Failure of therapy
+ Shunt surgery, especially distal splenorenal shunt
For patients with good liver function (Child 5-7 and no ascites).
+ Transjugular intrahepatic portal-systemic shunt (TIPS)
Rescue therapy, for patients with poor liver function
B. Hepatic Encephalopathy
1. Correct precipitating event
Cleansing enemas for GI bleeding
Volume expansion/electrolyte correction
Treatment of infection, (without aminogylcosides !)
Antagonism of sedatives (flumazenil, Narcan)
2. Diet
Protein intake should be at least 0.75-1 g/kg (counteract catabolic state).
3. Non-absorbable disaccharides
Lactulose po 20-30 cc q 8-12 hours (via NG in ICU)
4. Zinc sulfate, 300 mg q 12 hours (to increase urea synthesis in liver)
5. Antibiotics on intestinal flora
Neomycin (3-6 g/day) for short periods (to avoid toxicity)
Metronidazole, start at 250 mg bid.
6. In stage III-IV encephalopathy, Endotracheal intubation to prevent aspiration
C. Ascites
. Diet and fluid balance
Bed rest and low sodium diet (2-4 g/d)
Fluid restriction (1L/day) for serum sodium <130 mEq/l
Daily weight, urinary output and fluid balance
2. Diuretics
With no response to a low sodium diet and a low U, (r/o dietary non-compliance)>
Spironolactone (100-400 mg/d) alone or with furosemide (20-160 mg/day)
Restrict weight loss to not > 1kg/d when no peripheral edema
Careful with diuretic complications
Renal impairment
Hepatic encephalopathy
Hyperkalemia with renal failure (Spironolactone)

—

cont’d on next page
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Table 9.12, cont’d.

3. Large-volume paracentesis
Indicated for tense ascites that impairs respiration, for refractory ascites.
Albumin administered after paracentesis (6g/L removed) to avoid post-paracentesis circulatory
dysfucntion.
Diuretics continued after procedure if possible.
4. TIPS
Poor outcome (worsening liver failure) in patients with Child class C cirrhosis.
. Hepatorenal syndrome
Assure volume expansion with central pressure monitoring
Experimental therapy: Vasoconstrictors, TIPS
D. Spontaneous bacterial peritonitis
Choice of antibiotics
Initial therapy with cefotaxime 3-6 g/d (or equivalent) until culture results.
Repeat paracentesis after 48 hours to assure response (OPMN of 50%).

wl
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. Culture-negative neutrophylic ascites
Repeat paracentesis critical
. Prevention of renal failure
Discontinue diuretics until satisfactory microbiological response
Experimental therapy: iv albumin.
Prophylaxis. Several regimens proposed
Norfloxacin 400 mg/d, Bactrim 5 days/week, Ciprofloxacin 1/week.

w

>

STANDARD SURGICAL TECHNIQUE

The recipient operation consists of hepatectomy of the native liver followed by
implantation of the donor liver. The native hepatectomy can be difficult, espe-
cially in patients with previous upper abdominal operations and severe portal
hypertension. The ligamentous attachments of the liver are systematically taken
down followed by skeletonization of the hilar structures, namely the bile duct,
hepatic artery, and portal vein, in preparation for implantation of the new liver.
The retroperitoneal (bare) area is taken down last since most of the blood loss can
result from this dissection. Finally, the inferior vena cava (IVC) is encircled below
the liver having divided the adrenal vein, and above the liver allowing enough
room between the diaphragm and the origin of the hepatic veins for a vascular
clamp to be comfortably placed. At this ‘point of no return’, the bile duct is ligated
and divided, as is the hepatic artery. Vascular clamps are then placed on the portal
vein and the IVC below and above the liver and the liver is removed by transecting
the portal vein and the IVC and removing the retrohepatic IVC with the liver.

At this point, hemostasis is achieved as well as possible. Occasionally, the bare
area may require coagulation with the argon beam coagulator and a few hemo-
static sutures. Depending on the degree of coagulopathy the new liver may need
to be implanted while there is ongoing bleeding from the bare area. The donor
liver is prepared for implantation on the back table by removing its diaphrag-
matic attachments including ligation of phrenic veins, removing the adrenal gland
and ligation of the adrenal vein, and preparing the arterial and portal venous struc-
tures. The donor liver is then brought onto the operative field and end-to-end
anastomoses are constructed using running non-absorbable monofilament su-
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ture between donor and recipient suprahepatic IVC first, then the infrahepatic
IVC. Prior to completion of the infrahepatic IVC anastomosis, the liver is flushed
with 500 cc of cold Ringer’s lactate solution until the effluent from the infrahepatic
IVC is clear and, at this point, the IVC anastomosis is completed. Next the portal
vein anastomosis is performed end-to-end with running non-absorbable monofila-
ment suture leaving a ‘growth factor’ in order to prevent a narrowing of the anas-
tomosis. In the case of a thrombosed or inadequate portal vein, a donor iliac vein
conduit is anastomosed preferably to the confluence of the splenic and superior
mesenteric veins (SMV) or alternatively to any patent branch of the portal venous
system including the SMV. SMV-to-portal vein grafts are tunneled through the
transverse mesocolon. Once the portal vein anastomosis is completed, the clamps
are removed in sequence and the liver is thus perfused with portal venous inflow.

Venous-venous bypass (VVP) is occasionally used, prior to completion of the
hepatectomy, in order to decompress the splanchnic venous system as well as venous
return from the lower extremities. Some centers use VVP routinely, whereas in
other centers it is not used at all.'® Most centers use VVP in selected patients,
especially when the hepatectomy has been difficult and bloody, or when signifi-
cant portal hypertensive bleeding is evident especially from the bare area. VVP
requires cannulation of both a lower extremity vein, typically the saphenofemoral
vein, and an upper extremity or neck vein. This can be achieved either via cut-
down or by a percutaneous approach. Partial VVP can also be used, consisting of
lower extremity to upper extremity bypass alone, as compared to full VVP which
includes a portal venous line in order to decompress the portal vein. The decision
to use or not to use VVP may depend on the hemodynamic stability of the recipi-
ent upon clamping, especially of the IVC. Rapid infusion can be used to offset
some degree of hemodynamic instability during the clamping phase, but if the
patient does not tolerate clamping without significant hemodynamic instability,
then VVP should be considered.(Table 9.13)

Upon reperfusion of the liver with portal venous inflow, patients can develop a
“reperfusion syndrome” consisting of right-sided ventricular failure associated
with high filling pressures and systemic hypotension, significant arrhythmias can
also occur. This syndrome is usually transient in nature and thought to be second-
ary to infusion of potassium or acid load from the preserved liver, and from splanch-
nic and lower extremity venous congestion. Expert anesthetic management and
correction of electrolyte abnormalities are needed during this transient period.

Table 9.13. Potential indications for venous-venous bypass

1. Severe retroperitoneal collateralization

2. Poor preoperative renal function

3. Hypotension following test clamping of the vena cava despite adequate volume
loading

4. Intestinal or mesenteric edema

5. Fulminant hepatic failure

6. Inexperience with the procedure
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(For more details on anesthetic considerations of liver transplantation including
monitoring of coagulation please refer to Chapter 13.)

The hepatic artery anastomosis is typically performed between the recipient
hepatic artery, at the junction of the gastroduodenal artery, and the donor celiac
axis using a Carrel patch. Approximately 15 to 20 percent of the time, abnormal
arterial anatomy is identified in the donor liver consisting of either an aberrant
left hepatic artery emanating from the left gastric artery of the donor, which does
not require any particular reconstruction, or an aberrant right hepatic artery origi-
nating from the superior mesenteric artery. This latter type of arterial anatomy
requires arterial reconstruction on the back bench which most commonly con-
sists of implanting the origin of the aberrant vessel onto the donor splenic artery
so that the celiac axis can be used as a single inflow. Occasionally, the inflow from
the recipient hepatic artery is inadequate either because of inadequate flow or as a
result of abnormal arterial anatomy in the recipient. Donor iliac arteries are rou-
tinely harvested as part of the donor procedure and these can be used to construct
a conduit between the recipient infrarenal aorta and the donor hepatic artery or
celiac axis. This conduit can also be made to originate from the supraceliac aorta,
although infrarenal reconstruction is more commonly used. The conduit can be
brought to the hilum by creating a tunnel behind the pancreas, but can also be
placed anteriorly through the transverse mesocolon.

Once the liver is arterialized and the hepatic artery demonstrates satisfactory
flow, hemostasis is achieved, and the bile duct reconstruction is performed using
end-to-end choledochocholedochostomy over a T-tube stent. Several variations
of this anastomosis have been used. Recently the necessity for a T-tube has been

Suprahepatic
IVC Anastomosis

Infrahepatic IVC
o Anastomosis

Hepatic Artery

I
Biliary Anastomosis

Anastomosis

Portal Venous_ - *
Anastomosis

Fig. 9.3. Standard technique. This figure illustrates a completed liver transplantation with
vascular and biliary anastomoses.
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questioned! and some centers have elected not to use T-tubes primarily because
of an unavoidable rate of biliary leaks following removal of the T-tube, as well as
other technical problems associated with the T-tubes. Therefore, an end-to-end
choledochocholedochostomy is performed using absorbable interrupted monofila-
ment suture without stenting.(Fig. 9.3) If the recipient bile duct is not appropri-
ate for end-to-end reconstruction, a Roux-en-Y choledochojejunostomy is
performed in standard fashion with or without internal stenting.(Table 9.14)

ALTERNATIVE TECHNIQUES

“PIGGYBACK PROCEDURE”

The recipient hepatectomy can be altered to leave the recipient retrohepatic
IVC in situ. Thus, during the hepatectomy, the caudate venous branches are li-
gated and divided individually as the IVC is separated from the liver. Occasionally
accessory hepatic veins are encountered particularly to the right lobe and eventu-
ally the liver remains attached to the IVC only by the hepatic veins. The hepatic
veins can then be either clamped and the ostia used for the IVC anastomosis (Fig.
9.4A), or suture ligated and another site on the recipient IVC used for anastomo-
sis. The donor IVC is then anastomosed to the recipient IVC in a piggyback fash-
ion by performing either an end-to-side or side-to-side IVC-to-IVC anastomosis.
Once the IVC anastomosis is completed, the infrahepatic IVC is used as outflow
of portal venous blood (instead of cold Ringer’s lactate) in an effort to wash out
preservation solution from the liver and following this, the infrahepatic IVC is
ligated. The remaining structures are anastomosed in standard fashion (Figure
9.4B).

“SPLIT LIVER PROCEDURE”

Recently, the use of split livers has become routine for selected donor livers for
most liver recipients. The liver is typically ‘split’ along the falciform ligament sepa-
rating the left lateral segment (Couinaud segments IT and IIT) from the remaining
liver. The main hilar vascular and biliary structures are retained with the right
side of the liver. The left lateral segment is typically transplanted into a child and
the remaining liver transplanted into an adult. The transplant procedure for a
split liver is identical to that for a whole liver with the exception that hemostasis at

Table 9.14. Indications for choledochojejunostomy

1. Donor-recipient bile duct size discrepancy
2. Diseased recipient bile duct
a) Secondary biliary cirrhosis
b) Primary sclerosing cholangitis
¢) Choledocholithiasis
d) Biliary atresia
. Presence of biliary duct malignancy
. Poor blood supply to recipient bile duct
5. Inability to pass biliary probe through ampulla

NN
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Fig. 9.4A and B. A) Piggyback technique. This figure illustrates the preparation for the piggy-
back cavo-cavo plasty. First, the donor suprahepatic IVC is viewed from the back where a
vertical slit is made in the middle of the back wall. This is triangulated to match the triangu-
lated hepatic vein opening on the recipient side. Finally, the liver is viewed after all of the
anastomoses have been completed showing an end on view. B) Side view of the piggyback
procedure. Showing the triangulated cavo-cavo plasty of the donor suprahepatic IVC and the
ligated infrahepatic IVC.
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the cut surface needs to be secured and a careful check for biliary leaks in the raw
surface needs to be carried out. Split liver transplant, when performed on proper
recipients using suitable donor organs has survival results comparable to whole
livers, but is associated with a higher rate of surgical complications.?*?!

“AUXILIARY PROCEDURE”

In selected recipients with either metabolic diseases or acute liver failure, auxil-
iary transplants have been performed. A left lobe resection of the native liver is
carried out and a donor left lateral segment or left lobe is transplanted
orthotopically by anastomosing the donor left hepatic vein to recipient IVC end-
to-side and portal vein hepatic artery and bile duct connections constructed in
standard fashion. Nuclear studies are used to follow uptake/function by the do-
nor/recipient liver, and in cases where the native liver recovers, the donor liver is
either allowed to atrophy following withdrawal of immunosuppression, or is re-
moved. Alternatively, the donor liver is treated like any other transplanted liver
and ultimately becomes the predominantly functioning liver. Differential portal
venous flow between recipient and donor liver segments may be responsible for
preferential function and hypertrophy.

IMMEDIATE POSTOPERATIVE CARE
There are three major considerations in the immediate postoperative period:
1) liver function, 2) postoperative bleeding, and 3) general considerations.

1. LIVER FUNCTION

One of the most disastrous complications following liver transplantation is pri-
mary nonfunction (PNF). PNF needs to be differentiated from graft dysfunction
which encompasses a spectrum ranging from mild graft dysfunction, manifested
by elevated liver enzymes and poor early synthetic function, to severe dysfunction
manifested by prolonged synthetic dysfunction, some degree of hemodynamic
instability, and associated multiorgan dysfunction.?? This end of the dysfunction
spectrum along with PNF require consideration of urgent retransplantation,
whereas mild to moderate dysfunction require close observation and supportive
therapy. The appearance of the liver following reperfusion, the production of bile
intraoperatively, and the hemodynamic status of the recipient provide intraop-
erative evidence of liver function (Table 9.15).

Table 9.15. Helpful signs of hepatic function in the intraoperative period

. Restoration of hemodynamic stability

. Good renal function evidenced by adequate urine output
. Stabilization of acid-base status

. Normalization of the coagulation system

. Normalization of body temperature

. Maintenance of proper glucose metabolism

. Adequate bile production

. Good texture and color of the liver
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However, the first 6 to 12 hours (immediate postoperative period) provide more
definitive evidence of liver function. The best indicators of early graft function
include normalization of Factor V levels, prothrombin time, and transaminases.
In addition, clearance of lactic acidosis, awakening from the anesthetized state,
and good renal function provide further affirmation of liver function (Table 9.16).

2. POSTOPERATIVE BLEEDING

Significant coagulopathy can be present following revascularization of the liver
and can be attributed to fibrinolysis, heparin-like effect, and platelet and coagula-
tion factor deficiencies. Under normal circumstances, with a functioning graft,
coagulopathy is reversed by the time of abdominal closure. However, complete
hemostasis may not be fully achieved at time of closure despite the best of efforts,
especially if the recipient is hypothermic and if the operation has been long, diffi-
cult, and bloody. This scenario has become uncommon, but can nevertheless oc-
cur, especially in the setting of a dysfunctional graft. Under these circumstances, it
may be preferable to place appropriate drains or even packs, close the abdomen,
and return the patient to the intensive care unit. Close attention to ongoing bleed-
ing despite correction of coagulopathy is essential. This can be achieved with a
combination of hemodynamic monitoring, serial hematocrit determinations, and
overall condition of the patient including urine output and measuring of drain-
age output. It may also be helpful to perform hematocrit determinations on the
drain fluid. If ongoing bleeding, despite correction of coagulopathy and rewarm-
ing of the patient, is suspected, especially if hemodynamic instability and oliguria
are present, the patient should be returned to the operating room for evacuation
of hematoma and identification of ongoing bleeding. At this time, generalized
oozing may have improved so that specific bleeding sites can be more easily iden-
tified and oversewn, especially in the bare area. The presence of a dry operative
field at the time of abdominal closure however should not be viewed as evidence
that postoperative bleeding cannot occur. Postoperative bleeding should be con-
sidered highly in the differential diagnosis of hypotension and oliguria in the im-
mediate postoperative period even in patients in whom a dry field was achieved
intraoperatively.

3. GENERAL CONSIDERATIONS
Hemodynamic stabilization is guided by the usual clinical assessments of ad-
equate organ and tissue perfusion. Of note, patients with cirrhosis typically ex-

Table 9.16. Helpful signs of hepatic function in the immediate postoperative period

. Hemodynamic stability

. Awakening from anesthesia

. Clearance of lactate

. Resolution of hypoglycemia

. Normalization of coagulation profile

. Resolution of elevated transaminases

. Bile of sufficient quantity and golden brown in color
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hibit hemodynamic parameters consistent with those of a septic patient including
high cardiac output and low systemic vascular resistance. These hemodynamic
conditions may persist for several weeks following transplantation, and may re-
quire vasoconstrictive agents for optimal management.

Pulmonary management consists of appropriate ventilatory support with ma-
nipulation of respiratory rate, tidal volume, positive end expiratory pressure, and
optimal oxygenation. Serial blood gases are used to monitor progress. The patient
is typically extubated as soon as he/she is awake and exhibits a good inspiratory
effort with adequate vital capacity. Early extubation leads to speedier recovery.
However, massive fluid shifts and preoperative generalized debilitation may delay
extubation. Once the patient is extubated, careful attention to incentive spirom-
etry and the liberal use of chest physical therapy can help prevent the develop-
ment of atelectasis and pneumonia. The nature of the incision combined with the
state of debilitation of the patient are likely reasons why pulmonary complica-
tions are common in the postoperative period. In addition, the common presence
of a right-sided pleural effusion in these patients may further delay pulmonary
recovery. The importance of pulmonary care following extubation cannot be over-
stated.

Laboratory testing includes careful attention to glucose levels and electrolyte
status. In addition to the usual attention to sodium and potassium, magnesium
levels are typically low and magnesium supplementation is required. Ionized cal-
cium determinations should be frequent and ionized calcium should be normal-
ized. In addition, normalization of transaminases and prothrombin time or Factor
V levels should be expected in the first 24 hours. If a T-tube is used, the quality of
the bile can provide a helpful hint of good liver function. Finally, a baseline doppler
ultrasound to assess patency of the hepatic artery in particular should be per-
formed within the first 24 hours of transplantation.

INVESTIGATION OF LIVER FUNCTION TEST ABNORMALITIES

Liver function test abnormalities may consist of elevations in liver transaminases
suggestive of hepatocellular necrosis or alkaline phosphatase and bilirubin sugges-
tive of cholestasis. These two patterns of liver function abnormality are not mutu-
ally exclusive and can, therefore, occur simultaneously. However, the pattern of liver
function abnormality may determine the most appropriate investigation algorithm
by suggesting a cause for the laboratory abnormalities. In addition, the timing of
the abnormalities may render some causes more suspect than others. The differ-
ential diagnosis of abnormal liver function tests include graft dysfunction, techni-
cal complications (vascular and biliary), immunological complications (rejection),
infectious complications, and finally, recurrence of native disease (Table 9.17).

Graft dysfunction encompasses a wide spectrum ranging from mild to severe
dysfunction. Mild dysfunction is manifested by a significant rise in transaminases
postoperatively (above 2,500 IU) as a result of preservation injury. In addition,
there may be a second peak in transaminases within 24 hours which is thought to
be secondary to reperfusion injury. Regardless of the peak transaminase level, it is
important that the trend in transaminase levels be downward. If transaminases
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continue to rise beyond 12 to 24 hours following transplantation, a more com-
plete evaluation including assessment of mental status, coagulation profile, renal
function, and hemodynamic stability should be carried out (Table 9.18).

A diagnosis of severe dysfunction or primary nonfunction must be differenti-
ated from that of technical vascular complications including hepatic artery throm-
bosis, portal vein thrombosis, and hepatic congestion secondary to venous outflow
obstruction. Preservation injury is generally associated with improving mental
status and stable or improving prothrombin time which is easily correctable. In
contrast, primary nonfunction is manifested by a patient who does not awaken
and has progressive deterioration of mental status, a worsening coagulation pro-
file which is not correctable, renal dysfunction, and hemodynamic instability. The
treatment of severe hepatic dysfunction is primarily supportive. Intravenous pros-
taglandin E, has been shown to be beneficial.? Bioartificial liver support has been
also used as a “bridge” until the liver either recovers or a suitable donor liver is
located for urgent retransplantation. In cases of less severe dysfunction, the tran-
saminases normalize over time as do the coagulation parameters. These patients,
however, become severely cholestatic in the recovery period, likely as a result of
impaired bile transport mechanisms and liver biopsy in these patients may reveal
extensive bile plugging with ballooning hepatocyte degeneration consistent with
severe cholestasis.

Table 9.17. Causes of hepatic dysfunction

Immediate

1. Primary allograft nonfunction
. Primary allograft dysfunction
. Hepatic artery thrombosis

. Portal vein thrombosis
. Hepatic vein and caval thrombosis
. Biliary tract obstruction/leak
Delayed

1. Rejection

2. Infection

3. Biliary tract obstruction

4. Recurrent disease

5. Graft Dysfunction
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Table 9.18. Signs of primary non-function

. Failure to regain consciousness

. Hemodynamic instability

. Poor quality and quantity of bile

. Increasing prothrombin time

. Renal dysfunction

. Rise in transaminases and bilirubin
. Acid-base imbalance

. Persistent hypothermia
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VASCULAR COMPLICATIONS

Hepatic artery thrombosis can present with a variety of liver test abnormalities
including very subtle elevations in transaminases and, therefore, may go undiag-
nosed in the early period and become manifest later with biliary complications
such as bile leaks, bilomas, liver abscess, and biliary strictures.(Table 9.19)

Therefore, any abnormal trend in liver function tests should be investigated
immediately with ultrasound/doppler and, if the hepatic arterial signal is not clearly
seen, then an angiogram should be performed. The role of lytic therapy and/or
urgent reoperation for thrombectomy remains controversial. Retransplantation
may be necessary especially if liver function is severely compromised in the early
postoperative period. Hepatic artery thrombosis is usually related to technical
complications and, therefore, a satisfactory pulse in the hepatic artery should be
obtained before leaving the operating room at the time of transplantation. There
is increasing data to suggest that the use of flow probes and the measurement of
hepatic artery flow may predict the risk of hepatic artery thrombosis.**

Portal venous thrombosis is less common, but can occur in the setting of sig-
nificant portal vein stenosis or previous portal vein thrombosis in the recipient,
especially in the pediatric recipient. Typically, severe elevations in transaminases
are observed in the early period and ascites is a manifestation in delayed portal
vein thrombosis. Also, acute portal hypertension manifested by variceal bleeding
should alert the surgeon to the possibility of acute portal vein thrombosis. In the
acute setting, thrombectomy should be attempted in an effort to save the graft,
although retransplantation may be necessary especially if the graft is compromised.

Finally, venous outflow obstruction causing a Budd-Chiari-like congestion of
the liver can be seen either following standard hepatic transplantation with end-
to-end SVC anastomosis, but has been more commonly described in the setting
of piggyback operations. Several innovative techniques have been advocated for
repair. In the early postoperative period, a significant elevation in transaminases
results from the acute congestion, whereas delayed manifestations consist prima-
rily of ascites and evidence of portal hypertension.

BILIARY TRACT COMPLICATIONS

Anastomotic biliary leaks may occur early in the postoperative period resulting
in either localized or generalized peritonitis. Biliary output from the drains and
elevation in serum bilirubin out of keeping with elevation in the other liver func-
tion tests should raise this diagnostic possibility. These biliary leaks can occur
either as a result of technical problems or as a result of hepatic artery thrombosis

Table 9.19. Manifestations of hepatic artery thrombosis

. Elevation of the transaminases and bilirubin

. Fulminant hepatic failure

. Sepsis with hepatic abscesses or gangrene of the liver
. Biliary anastomotic disruption

. Biliary tract strictures
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with ischemic compromise of the bile duct. These early leaks are best treated by
reoperation and revision to a Roux-en-Y choledochojejunostomy. Localized leaks
may be treated with endoscopic retrograde cholangiography (ERCP) and sphinc-
terotomy with stenting of the bile duct leak.

Biliary leaks from the raw surface of split livers can be treated conservatively,
especially if the leak is contained and adequately drained. If the leak continues,
ERCP with sphincterotomy may be necessary. Delayed complications include
stenoses of the bile duct anastomosis and intrahepatic biliary strictures which
may or may not be related to hepatic artery thrombosis. These are typically man-
aged by skilled ERCP intervention with dilatation and stenting. Where these fail,
biliary reconstruction with a Roux-en-Y choledochojejunostomy may be neces-
sary. Finally, dysfunctional motility of the bile duct and of the Sphincter of Oddi
may result in functional obstruction in the absence of mechanical obstruction.?
These types of problems manifest later on in the postoperative period. Also, bil-
iary casts and stones can form, especially in the presence of longstanding T-tubes
and may result in biliary obstruction requiring ERCP intervention.

The use of either endoscopic or percutaneous (transhepatic) techniques in the
management of biliary complications is dictated by the availability of skilled
interventional endoscopists and radiologists at the particular institution. In our
opinion, endoscopic (ERCP) intervention is preferred and percutaneous
transhepatic procedures are used, when for technical reasons, endoscopic access
to the involved biliary tract is not possible.

REJECTION

Rejection can occur in the first days following transplantation, especially if in-
duction immunosuppressive therapy is not used. The pattern of liver function
test abnormalities varies and can be hepatocellular or cholestatic in nature. Diag-
nosis is made by liver biopsy since clinical signs and symptoms of rejection are
extremely variable, non-specific, and unreliable (Table 9.20).

Rejection is a common phenomenon with at least 60 percent of liver transplant
recipients having at least one episode. Acute cellular rejection usually occurs be-
tween the fourth and fourteenth day posttransplant with most episodes occurring
within three months of transplantation. Some patients are asymptomatic while
others may experience profound symptoms due to a failing liver allograft. The
diagnosis of allograft rejection is confirmed by histologic examination of a liver
biopsy. Classic histologic findings of acute cellular rejection include a portal infil-
trate consisting of mixed inflammatory cells, where the presence of eosinophils

Table 9.20. Signs and symptoms of rejection

1. Fever

2. Decreased quality and quantity of bile

3. Elevation of the bilirubin and/or transaminase levels
4. Sense of ill being

5. Increased ascites
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can be diagnostic, as well as lymphocyte-mediated bile duct injury, and
endothelialitis.(Fig. 9.5, Table 9.21)

INFECTION

Abnormality of liver function tests secondary to infection is most commonly
secondary to viral infections which include cytomegalovirus (CMV) hepatitis, as
well as recurrence of previous viral hepatitides. Recurrence of disease will be cov-
ered in the next section. CMV hepatitis is diagnosed by the presence of inclusion

Fig. 9.5. Hematoxylin and eosin stain of acute cellular rejection demonstrating a mixed
portal infiltrate with many eosinophils, endothelialitis, and evidence of cellular-mediated
bile duct disruption.

Table 9.21. Histologic determinants of acute cellular rejection

1. Portal infiltrate with mixed inflammatory cells
2. Bile duct injury
3. Endothelialitis

Grading of Acute Liver Allograft Rejection — Banff Criteria®

Grade Criteria

I (mild) Cellular infiltrate in a minority (< 50%) of the triads, that is
generally mild, and confined within the portal spaces.

1T (moderate) Cellular infiltrate, expanding most (> 50%) or all of the triads.

111 (severe) As above for moderate, with spillover into periportal areas and

moderate to severe perivenular inflammation that extends into
the hepatic parenchyma and is associated with perivenular
hepatocyte necrosis.
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Fig. 9.6. Immunoperoxidase stain of CMV hepatitis demonstrating an inclusion body with
intranuclear staining for CMV and a surrounding cluster of polymorphonuclear cells.

bodies with clusters of polymorphonuclear cells (Fig. 9.6). These “clusters” repre-
sent the “footprints” of CMV. This evidence of tissue invasive disease is often asso-
ciated with symptoms of fever, general malaise, myalgias, and diagnosis is
corroborated with shell vial culture or positive antigenemia tests. Treatment con-
sists of reduction in immunosuppression and antiviral agents such as ganciclovir.
In addition to CMV infection, other bacterial and fungal systemic infections may
result in a secondary abnormality in liver function tests associated primarily with
a cholestatic pattern. These elevations are difficult to sort out and may require
multiple diagnostic efforts. Finally infection of the liver secondary to abscess for-
mation may occur resulting in abnormal liver function tests typically as a result of
hepatic artery thrombosis. These can be bacterial and fungal in nature and can be
diagnosed first with ultrasound, then CT scan, and finally angiography. ERCP
may be helpful in delineating the extent of biliary duct disruption. If severe enough,
these biliary tract complications may require retransplantation of the liver.

RECURRENCE OF NATIVE DISEASE

Recurrence of native disease consists most frequently of recurrence of viral in-
fection such as hepatitis B and hepatitis C, as well as non-A, non-B, non-C hepa-
titis. Recurrence of hepatitis B is easy to diagnose with either serum markers or
stains for surface antigen and core antigen on the biopsy. In contrast, recurrence
of hepatitis C may be more difficult to differentiate histologically from other causes
of liver abnormality such as rejection. Although there is some evidence that there
may be a role for immune modulators and antiviral agents such as interferon and
ribavirin in the prophylaxis and treatment of recurrent hepatitis C, the data are
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inconclusive. Similarly, recurrence of non-A, non-B, non-C hepatitis can be ex-
tremely difficult to diagnose and these patients are often treated mistakenly for
acute cellular rejection, which may initially improve liver number abnormalities,
but eventually these abnormalities recur. In addition, recurrence of other diseases
such as primary biliary cirrhosis, non-alcoholic steatohepatitis, and to a lesser
degree, primary sclerosing cholangitis and autoimmune hepatitis have been de-
scribed. These disease recurrences are typically diagnosed with a combination of
liver biopsy and imaging of the biliary tree. The management of recurrence in
these diseases can be difficult and for the most part, they are treated much in the
same way as in the native liver.

POSTOPERATIVE CARE

The aspects and specifics of postoperative care are best delineated according to
the particular postoperative period. These periods include: i) the immediate post-
operative, ii) early postoperative inpatient, iii) early outpatient, and iv) long-term
outpatient periods.

1) IMMEDIATE POSTOPERATIVE INPATIENT CARE

The bulk of the specifics of the immediate postoperative care are discussed above.
The immediate postoperative period is defined by the postoperative intensive care
unit stay. However, since immunosuppression is usually instituted in this period,
a discussion of immunosuppression as it applies to liver transplantation follows.

IMMUNOSUPPRESSION

Induction therapy, traditionally in the form of anti-lymphocyte preparations
(MALG, ATG, OKT3), have for the most part, not been widely used in liver trans-
plantation. More recently, a resurgence of interest in induction therapy has re-
sulted from the introduction of humanized IL-2 receptor antibodies (Zenapax
and Simulect). The role of these and other newer induction agents in liver trans-
plantation remain to be elucidated.

Baseline immunosuppression is instituted in the immediate postoperative pe-
riod and typically consists of a calcineurin inhibitor (either Neoral (cyclosporine)
or Prograf (tacrolimus)) and steroids. There are very few indications for intrave-
nous administration of calcineurin inhibitors. Steroids are administered initially
as intravenous Solu-Medrol and, once the patient is tolerating oral intake with
sips of fluids, prednisone is used. Some centers advocate the use of a third agent,
historically Imuran (azathioprine). Cellcept (mycophenolate mofetil) which has
largely replaced Imuran in kidney and kidney/pancreas transplantation is being
used increasingly either as a third agent or in an attempt to obviate the use of
steroids, and in some patients the use of calcineurin inhibitors. The role of Cellcept
in baseline immunosuppression for liver transplantation remains to be better de-
fined. Rapamycin is presently being evaluated as an additional agent for baseline
immunosuppression.
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11) EARLY POSTOPERATIVE INPATIENT CARE

Patients are transferred out of the intensive care unit onto the transplant ward
as soon as they are extubated and hemodynamically stable. This period is typically
24 to 48 hours and, upon transfer, the patients are encouraged to ambulate. Often,
the patients’ pretransplant debilitated state does not allow for early ambulation
and these patients require special rehabilitation requiring transfer to acute reha-
bilitation units. However, if the patients are doing well and do not need long-term
rehabilitation care, their diet is advanced as tolerated. Standard wound care is
administered and the drains are removed, especially if no biliary leak is evident.
Of note, the presence of large volumes of ascites in the drains should not result in
delay in removing the drains.

In addition to immunosuppressive agents, prophylaxis against Pneumocystis
carinii (PCP) is achieved with Bactrim. In patients with an allergy to sulfa-con-
taining compounds, pentamidine inhalation and dapsone have been used suc-
cessfully. Cytomegalovirus (CMV) prophylaxis is achieved with ganciclovir therapy.
Most centers have transitioned from the use of intravenous ganciclovir prepara-
tions to the recently available oral preparations of ganciclovir. Newer prepara-
tions of oral ganciclovir appear to have better absorption and bioavailability kinetics
and are likely to replace intravenous ganciclovir for prophylaxis. Of concern, in-
creasing resistance to ganciclovir may dictate the use of anti-cytomegalovirus cock-
tails in the future especially for preemptive therapy rather than prophylaxis.

Standard antibacterial prophylaxis necessitates coverage of gram negative and
anaerobic agents typically present in bile. Gram positive coverage appears to be
less important. Finally, antifungal prophylaxis is achieved with swish and swallow
of nystatin suspension or other such topical antifungal. In addition, agents such
as fluconazole and itraconazole are used in the early postoperative period as pro-
phylaxis against systemic fungal infections. Of note, these latter agents can result
in dramatic increases of calcineurin inhibitor levels due to competition with cyto-
chrome P450, and therefore, levels need to be monitored closely.

Most patients also receive peptic ulcer disease prophylaxis especially when re-
ceiving high-dose steroids in the form of either H, blockers or proton pump in-
hibitors. Magnesium supplementation is often necessary in patients who exhibit
hypomagnesemia.

In addition to consideration of immunosuppression and prophylaxis, close at-
tention to liver function tests and hematology and biochemistry laboratory values
is essential in the first few days following transplantation. Typical problems of
thrombocytopenia and mild renal dysfunction may require intervention such as
platelet transfusion and optimization of central filling pressures, respectively. Liver
function test abnormalities are investigated as outlined above for the immediate
postoperative period.

In the case of inability to tolerate oral feedings, enteral feedings via nasoduodenal
tube or intravenous hyperalimentation may be important. There are no convinc-
ing data to show that routine use of hyperalimentation, either intravenous or en-
teral, is beneficial in the majority of patients.
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Common infections following liver transplantation include urinary tract, pul-
monary, intra-abdominal, central venous catheter, and wound infections. Any fe-
ver or leukocytosis needs investigation for possible infection in these systems (Table
9.22).

If a T-tube is used, a T-tube cholangiogram is obtained at approximately the
fifth postoperative day and in the absence of leak or obstruction, the T-tube is
clamped. Clamping of the T-tube can result in a transient elevation in liver func-
tion tests. If the patient develops any abdominal pain following clamping of the
T-tube, the house staff should be instructed to unclamp the T-tube and attach it
to a drainage bag to gravity immediately. Following this, a repeat cholangiogram
or HIDA scan should be obtained to rule out a biliary leak.

111) EARLY OUTPATIENT CARE

As soon as the patients are tolerating a diet and able to ambulate, they can be
discharged to the outpatient setting and followed closely in the outpatient clinic.
Typically, blood work is obtained three times weekly and the patients are seen and
examined on a weekly basis. A standard protocol for the frequency of laboratory
investigations and clinic visits is established (Table 9.23). Clinic visits are used to
evaluate the patient and to review their medications to avoid errors.

Any elevation in liver function tests or any lab work abnormality is investigated
further. Standard algorithm for elevation in liver function tests includes an ultra-
sound doppler examination of the liver looking for patency of the hepatic artery,
portal vein, and hepatic veins. Also, the ultrasound will detect any dilatation of
the biliary tree and any abnormalities within the parenchyma such as liver abscess
formation. If the ultrasound is unremarkable, the next step usually consists of a
percutaneous liver biopsy to rule out rejection and infection. In the early postop-
erative period, especially in patients undergoing transplantation for diseases other
than chronic viral hepatitis, elevation in liver numbers can be treated empirically
with steroid boluses without a need for biopsy. When needed, biopsies can be
performed as outpatients and rejection can also be treated in the outpatient set-
ting. In the case of steroid-resistant rejection which must be documented by a
liver biopsy, treatment consists of anti-lymphocyte preparations (OKT3, ATG)
typically for two weeks. OKT3 can be administered via peripheral vein, but a
cytokine release syndrome may be associated with injection of OKT3 and, there-
fore, the first two to three doses of OKT3 need to be given in the inpatient setting

Table 9.22. Common causes of bacterial infection following liver transplantation

. Line sepsis

. Infected peritoneal fluid

. Pneumonia

. Intra-abdominal abscess

. Biliary anastomotic leak

. Cholangitis secondary to biliary tract obstruction
. Urinary tract infection
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Table 9.23. Frequency of outpatient visits and laboratory investigations

Outpatient Visits Laboratory Investigations
0 — 4 weeks Twice weekly 0 — 1 months Mon, Wed, Fri
5— 8 weeks Weekly 1 -2 months Twice weekly
9 — 12 weeks Every other week 2 — 3 months Weekly
3 — 6 months Monthly 3 — 6 months Every 2-3 weeks
6 — 9 months Every 2 months 6 — 12 months Monthly
9 months — 1 year  Every 3 months 12 — 18 months Every 2 months
After 6 months, patients are returned 18 — 24 months Every 3 months
to their referring physician. Over 2 years Every 6 months

and, therefore, require readmission. These reactions can be mild consisting of fe-
ver, diarrhea, and general feeling of malaise with myalgias. Alternatively, OKT3
treatment can be associated with violent reactions consisting of shaking chills,
dyspnea, pulmonary edema requiring intubation especially in patients who are
volume overloaded, and other manifestations of cytokine release.

ATG administration requires a central venous catheter and does not tend to be
associated with overt cytokine release syndrome. When anti-lymphocyte therapy
is used, ganciclovir prophylaxis intravenously administered concomitantly has been
associated with an decreased incidence of CMV infection. More recently, treat-
ment with high-dose Prograf has been used to reverse acute cellular rejection.

If the biopsy does not reveal the cause for elevation in liver function tests, visu-
alization of the biliary tree is imperative, in order to rule out obstruction. If a T-
tube was used, a T-tube cholangiogram can be obtained in order to visualize the
biliary tree even in the absence of a dilated biliary duct by ultrasound evaluation.
Some centers use cystic duct stents and these also can be injected with radiopaque
material in an attempt to visualize the biliary tree. If a T-tube or cystic duct stent
is not used, visualization of the bilary tree requires ERCP for both diagnosis and
intervention if necessary.

On occasion, despite these diagnostic maneuvers, the reason for elevation of
liver function tests remains elusive. In the case of recurrent hepatitis C, the biopsy
can be misleadingly normal or show the occasional ‘Councilman Body’ or apoptosis
of hepatocytes despite significant elevations in liver function tests. In these cases,
conservative management and close observation will eventually reveal the cause
for liver function tests abnormality. Not infrequently, repeat biopsies are required
before a diagnosis can be established.

The use of routine protocol biopsies is controversial. Although some centers
use protocol biopsies in every patient, the occasional findings of histologic rejec-
tion in a patient with normal liver function tests and no clinical evidence for re-
jection can pose a management dilemma. Consequently, most transplant centers
have abandoned the use of routine protocol biopsies and rely on either laboratory
or clinical abnormalities as a stimulus for liver biopsy and other investigations.

In addition to abnormalities in liver function tests, patients are encouraged to
report any potential signs of infection such as fever or chills. If a patient experi-
ences a fever, this is quickly investigated with pancultures for bacterial, fungal,
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and viral infections including CMV. A chest x-ray is also part of the routine fever
workup and, if there is an indwelling central venous catheter, retrograde cultures
are also used. Antibiotic therapy is instituted empirically in the immunosuppressed
patient while awaiting the results of the cultures especially if the patient appears
septic or toxic. Low-grade fevers can be investigated and managed in an outpa-
tient setting, whereas high fevers, especially in a toxic patient, require urgent read-
mission to the hospital and may require more thorough investigation such as a
CT scan of the abdomen to rule out intra-abdominal sepsis.

Side effects of the immunosuppressive agents need to be considered. The most
common drugs which result in significant side effects are the calcineurin inhibi-
tors. These side effects include nephrotoxicity, neurotoxicity, hyperkalemia, hy-
pomagnesemia, hypertension, and tremor. Prograf has the additional side effect
of inducing new onset diabetes and is more prone to result in GI symptoms of
abdominal pain and diarrhea. Both drugs are metabolized through the cytochrome
P450 system and, therefore, drugs which increase the effective level include eryth-
romycin and antifungal agents ketoconazole, fluconazole, and itraconazole, as well
as calcium channel blockers such as diltiazem, verapamil, and nicardipine. Drugs
which decrease levels are primarily the anti-seizure medications in general (pheny-
toin, phenobarbital, and carbamazepine) and most of the anti-tuberculosis medi-
cations such as isoniazid, rifampin, and rifabutin. Twelve-hour serum trough levels
are measured and monitored closely and the dosage of these agents is guided by
these levels.

Imuran and Cellcept primarily cause leukopenia and, when used, these agents
must be adjusted according to the white blood cell count. If the white blood cell
count is below 3,000, as a rule, these agents should be held. The use of GCSF and
GM-CSF have made leukopenia in these patients much easier to manage. The use
of these agents has not resulted in increased rejection.

In patients undergoing transplantation for hepatitis B-related chronic liver dis-
ease, human hepatitis immunoglobulin (HBIg) preparations are administered in
high doses during the perioperative period. Typically, 10,000 U are administered
intravenously during the anhepatic phase and then daily for six to seven days.
Titers of antibody are measured and are maintained above 300. At one week fol-
lowing transplantation, the HBIg are administered intravenously weekly at first
and then monthly. Eventually HBIg can be administered intramuscularly at
monthly intervals always maintaining titers above 300 IU (Table 9.24). In addi-
tion, antiviral agents have been used, particularly in patients with HBV DNA posi-
tivity prior to transplant. DNA positivity is considered a contraindication to
transplant unless patients can be rendered DNA negative with the use of antivirals
such as lamivudine. In patients who are rendered HBV DNA negative with
lamivudine, over time, lamivudine-resistant mutants arise and, therefore, the com-
bination of HBIg and lamivudine is thought to provide better recurrence prophy-
laxis than either agent alone. Lamivudine is continued in the posttransplant period
and the optimal combination regimen for HBIg and lamivudine in the long term
remains to be worked out.
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Table 9.24. Liver transplant protocol for HBV DNA positive patients

1. Pretransplant

HBV DNA positive patients are to be started on lamivudine 100 mg po q day (available

in elixir). If unable to tolerate elixir, it is available in 150 mg tablets; may take 150 mg q

day. Recheck Hepatitis B surface antigen, HBV DNA, and Hepatitis Be antigen and

antibody at one month intervals for three months. Following two successive negative
results, repeat every two to three months. Due to reported cases of pancreatitis using
other related drugs, also check amylase periodically. Patient remains on lamivudine.
2. Intraoperative
Stage II (Anhepatic) — 10,000 IV of HBIg given IV.
3. Postoperative — Inpatient

A. 10,000 IU HBIg IV daily x 6 days.

B. Blood samples at trough point (just prior to next dose). Samples to be done on
days 1, 2, and 6 and more frequently if necessary based on results (desired level is
> 300 IU).

4. Postoperative — Outpatient

A. If the trough HBIg level on day six is > 300 IU, begin giving 10,000 IU IV q week x
4 weeks. At this point, if desired levels are maintained, can switch to 5cc HBIg IM
q week x 4 weeks. If desired levels are still maintained, can switch to 5cc HBIg IM q

month.
B. Laboratory monitoring:
Hep B surface antigen q month x 3 months
Hep Be antigen then, q 3 months x 12 months
Hep Be antibody
HBV DNA
HBIg levels (trough) q week x 3 months
then, q 2weeks x 3 months
HBV DNA quantitative q 3 months x 12 months

5. Long-Term Monitoring
If patient remains HBV DNA negative after 6 months, obtain HBIg levels ¢ month.
Continue administering 5 cc HBIg IM q month for at least the first year. Longer
term dosing and laboratory monitoring will depend on patient response and
broader experience data. Patient is to remain on lamivudine for lifetime.

Patients who undergo transplantation and are found to have hepatocellular
carcinoma (HCC) need close monitoring posttransplantation for recurrence. A
large proportion of these patients have elevated alpha-fetoprotein (AFP) levels
prior to transplantation and, in those patients, serial AFP determinations can be
used to monitor recurrence. Unfortunately, recurrence of HCC is associated with
poor long-term outcome. Despite the use of pretransplant adjuvant therapy in
the form of either chemoembolization or local therapy, the use of adjuvant che-
motherapy following transplantation is not used universally. The treatment of
recurrent HCC is not very satisfactory. On occasion, local recurrence at a site of
needle biopsy can be excised with no negative impact on survival. However, intra-
abdominal recurrence is usually associated with poor long-term survival.
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Long-Term Outpatient Care

Once the patient has overcome the problems that characterize the first three to
six months after transplantation, such as acute rejection and infection, new diag-
nostic and therapeutic goals become important. Some are directly related to trans-
plantation, such as the progressive reduction in the dose of immunosuppressive
agents and the periodic surveillance of liver function tests to screen for late com-
plications. Others require a focus on the potential for complications that may
arise from medications including the immunosuppressive agents. This longer term
follow-up requires special attention to six major areas.

i) Liver function tests: Disease recurrence is possible following transplantation
for certain indications. Reinfection of the liver after transplantation is common
with hepatitis C, which may progress slowly to a fibrotic/cirrhotic stage in a smaller
group of patients (10%) over a 2-5 year period. Reinfection with hepatitis B can
progress more rapidly to a potentially fatal course with a picture of fibrosing
cholestatic hepatitis; patients require active measures to prevent reinfection (e.g.,
hyperimmuneglobulin) and viral replication (e.g.,lamivudine). Recurrence of pri-
mary biliary cirrhosis has been documented, although histological overlap with
chronic rejection may confuse interpretation.

ii) Arterial blood pressure: The administration of calcineurin inhibitors and
corticosteroids may result in arterial hypertension in up to 70 % of transplant
recipients. Sympathetic stimulation with attendant vasoconstriction and volume
expansion are thought to be responsible. In addition, liver disease prior to trans-
plantation, characterized by systemic vasodilatation may “protect” the hyperten-
sive patient. The need for calcium channel blockers (with attention to possible
interactions with cyclosporin/tacrolimus), selective and non-selective beta blockers
and diuretics is commonly seen in patients following liver transplantation. De-
creasing the doses of calcineurin inhibitors and/or steroids may help reduce the
need for antihypertensive agents.

Renal function: Deterioration of renal function is common after liver trans-
plantation, mainly as a result of the sympathetic stimulation, renal vasoconstric-
tion and decrease in glomerular filtration rate induced by calcineurin inhibitors.
A reversible reduction in creatinine clearance of approximately 50% can be seen
at one year. Over a more prolonged period, permanent reductions in renal func-
tion may occur, with variable degrees of proteinuria. Histology reflects both is-
chemic injury to the glomerulus as well as tubular damage. The use of
prostaglandins has not been shown to diminish calcineurin-induced nephrotox-
icity. In addition, the use of non-steroidal antiinflammatory agents and the use of
drugs which affect the metabolism of calcineurin inhibitors can both result in
impaired renal function.

Metabolic issues: Chronic liver disease is an insulin-resistant state and the ad-
ministration of corticosteroids after the transplantation may result in overt dia-
betes. In addition, tacrolimus has been demonstrated to be diabetogenic irrespective
of steroids. Elevations of both serum cholesterol and triglycerides can occur with
cyclosporin, which may be somewhat less pronounced with tacrolimus. Drugs
which effect cholesterol production have been used effectively in patients with
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elevated lipids. Hyperuricemia with gouty attacks reflect an effect of cyclosporin.
Weight gain after transplantation can be substantial, especially after the 2"¢month.
Hyperphagia, high steroid dosage and central effects of calcineurin inhibitors con-
tribute to this effect. Excessive weight gain has adverse repercussions on the con-
trol of blood pressure and diabetes. Development of atherosclerotic vascular disease
is of concern and every effort should be made to control these metabolic effects,
especially hyperlipidemia and diabetes..

Bone disease: Prior to liver transplantation, patients with chronic liver disease
often have underlying bone disease, especially those individuals with cholestatic
liver disease and those receiving steroids for autoimmune hepatitis. Bone loss oc-
curs primarily in the first six months after transplantation and active measures to
prevent this deterioration should be instituted. Baseline bone densitometry is of
assistance to guide replacement. The latter includes supplementation with cal-
cium and vitamin D. Anti-resorptive therapy with biphosphonates should also be
considered.

Screening: It is important to be proactive in the search for potential complica-
tions. This includes periodic ophthalmological exams to rule out glaucoma and
cataracts. Screening for malignancy proceeds under similar protocols to the gen-
eral population, including mammography, gynecological examination and
colonoscopy. Some additions exist as a result of the immunosuppressive state.
Careful dermatological examination is important at every visit, as there is an in-
creased incidence of squamous cell carcinoma of the skin. Patients should avoid
bright sunlight hours and use sun-protecting lotions. Patients with primary scle-
rosing cholangitis and ulcerative colitis may be at high risk for development of
colon carcinoma. Post-transplant lymphoproliferative disorder has a wide spec-
trum of pathology and can respond well to a reduction of immunosuppression.
Knowledge of the rates of de novo malignancies following transplantation can be
a useful guide to screening in these patients.

Psychological well-being: Well adjusted patients should resume their pre-trans-
plant activities, retain gainful employment, and maintain normal social interac-
tions. The transplant evaluation process should detect any warning signals which
suggest a lack of motivation. Depression should be diagnosed as should other
important factors such as personality disorders. Issues of compliance and recidi-
vism, especially in patients with alcoholic liver disease cannot be overemphasized.
This evaluation should include nursing, social work, and psychiatric services as
needed. Vocational rehabilitation may be necessary. Finally, quality of life assess-
ments should routinely be performed by transplant centers.

LIVE-DONOR LIVER TRANSPLANTATION (LDLT)

Overview

Over the past decade, the gap between the number of adult patients in need of
liver transplantation and the number of organs donated has increased greatly.
This discrepancy has increased both the mean waiting time to undergo transplant
and mortality from complications of end-stage cirrhosis for patients on the wait-
ing list. Over the past several years, attempts to address the inadequate supply of
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organs for transplant have included the use of marginal donors (age, hemody-
namics, viral infection). More recently, living donors have been used to address
this need.

The concept of using a living donor developed in pediatric transplantation more
than a decade ago®, waiting list mortality declined, and the procedure was shown
to have excellent recipient results and low risk for morbidity and mortality in the
donor. This concept was extended to adult live-donor liver transplant (LDLT).
The LDLT procedure involves transplantation of the right hepatic lobe from one
adult donor to another, with the first series in the United States presented in 1998.7

Live-Donor Liver Transplant Recipient

LDLT is considered for those patients likely to experience mortality while await-
ing a cadaveric organ donor. Table 9.26 outlines those patients who are candidates
for LDLT.

Table 9.26. LDLT candidate recipients

A. Pre-MELD
Hepatocellular carcinoma (T, and T,)
Fulminant hepatic failure
Patients not likely to receive cadaveric organ with life expectancy less than 6
months
B. Post-MELD
Hepatocellular carcinoma (exceeding T, criteria)
Complications of cirrhosis, low MELD score
GI bleeding
Hepatic encephalopathy
Intractable pruritus
Recurrent cholangitis
Fulminant hepatic failure

Donor Candidacy and Evaluation
Potential donors are evaluated by a donor advocate team, must be complete healthy, and
have hepatic size and anatomy compatible with right lobe transplantation (Table 9.27).

Table 9.27. Right lobe donor evaluation

History and physical exam (donor advocate physician)
Psychosocial evaluation (social work, psychiatry)
Laboratory assessment
CBC, chemistry, coagulation profile
Thrombophilia screening, viral serologies (HIV, HBV, HCV, etc.)
ECG, chest radiograph
Cardiac stress testing, if indicated
Liver imaging (MRI, MRA, MRV, MRCP, or CT scan/ERCP)
Liver biopsy, if indicated
Family agreement/consent, no evidence of compensation/coercion
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Donor and Recipient Procedure

The donor procedure consists of a formal right hepatic lobectomy with ex-
treme care to avoid injury to those structures servicing the residual liver, or left
lobe. Intraoperative cholangiogram and ultrasound is often necessary in this re-
gard. Once harvested, the lobe is flushed with preservative solution and, if neces-
sary, vascular reconstruction is completed on the back table in preparation for
implantation. The recipient operation involves an IVC-sparing hepatectomy with
anastomosis of the donor right-sided structures (vascular, biliary) to the corre-
sponding recipient structures.?® LDLT provides an alternative which may reduce
the waiting-list mortality in selected patients. Ongoing studies will determine the
true risk to the donors and whether recipient outcomes are comparable to whole
liver transplant.

LIVER TRANSPLANTATION — A NEW ERA

Approximately 10,000 liver transplants have been performed to date, mostly in
the post-cyclosporine era. For the most part, one-year and five-year patient sur-
vival rates are 90 percent and 75 percent, respectively. Graft survival rates may be
slightly lower reflecting an incidence of retransplantation. Quality of life studies
have shown that most patients have an excellent quality of life following trans-
plantation, although the long-term care of the immunosuppressed patient is an
evolving field which presents many interesting challenges. Certainly, chronic side
effects of immunosuppressive therapy, de novo malignancies, and recurrence of
native disease continue to present significant problems. These important clinical
entities form the basis for present and future research in transplantation.

There has been a dramatic shift in the paradigm of liver transplantation in the
last decade. Long-term results are unequivocally excellent and there is no longer a
need to convince other clinicians that liver transplantation is a worthwhile thera-
peutic entity. Currently, our most significant hurdle includes a prohibitive organ
shortage with resulting ongoing disagreements about allocation. Although living
donor transplants have become increasingly utilized in both pediatric and adult
recipient, the discrepancy between the need and the supply of organs continues to
widen. Until xenotransplantation becomes a clinical reality, live donors will be
used increasingly. The inherent risk to the donor requires a meticulous assess-
ment of both clinical and ethical issues. Therefore, it behooves the transplant com-
munity to monitor closely the results of adult-to-adult living donor liver
transplantation, as well as donor morbidity and mortality. This effort will require
funding from the Federal Government so that appropriate registries can be sup-
ported. Finally, the resulting longer waiting times will necessitate more aggressive
and innovative management algorithms for the complications of cirrhosis.
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Intestinal Transplantation

Jonathan P. Fryer

HISTORY

Transplantation of vascularized organs, such as the intestine, was first concep-
tualized by Alexis Carrel at the turn of the century, who recognized the potential
for such procedures with the establishment of a reliable method of performing
vascular anastomoses.! However, the feasibility of intestinal transplantation was
not demonstrated until 1959 when Richard Lillihei, at the University of Minne-
sota, reported success in a canine model.? This inspired the first human intestinal
transplants, which were performed by Ralph Deterling in Boston in 1964 (unpub-
lished). The first reported human intestinal transplant was performed by Lillihei
in 1967, and included the entire small bowel and right colon, with the superior
mesenteric vessels being anastomosed to the left common iliac vessels.> Unfortu-
nately, these and other early attempts which followed were uniformly unsuccessful.*

When the effectiveness of cyclosporine was established in other organ trans-
plants in the early 1980’s, there was renewed interest in intestinal transplantation.
Although the first intestinal transplant using cyclosporine, performed in 1985 by
Zane Cohen in Toronto® was also unsuccessful, in 1988 Deltz in Kiel, Germany
performed what is considered to be the first successful intestinal transplant.® The
recipient of this living-related allograft remained TPN-free for 4 year before the
graft was lost to chronic rejection. Soon after, other successful outcomes were re-
ported by the groups headed by Goulet in Paris,” and Grant in London, Canada®
who had established the first intestinal transplant programs. The successes of these
groups inspired other institutions to establish similar programs in the early 1990’s.°
There are now over 50 centers worldwide which have performed intestinal trans-
plants, with close to 700 transplants performed to date.!

INDICATIONS

The indication for intestinal transplant is intestinal failure. This is defined as an
inability to maintain greater than 75% of essential nutrition through the enteric
delivery of nutrients'' and is commonly the result of previous extensive small
bowel resections, although severe malabsorption or dysmotility syndromes can
also produce this situation. The short bowel syndrome, which manifests in these
individuals, consists of massive diarrhea or stomal output, electrolyte abnormali-
ties, fat malabsorption, gastric hypersecretion, Vitamin B12 deficiency, hyperbi-
lirubinemia, and hepatic steatosis.!?

While in the past patients with intestinal failure would not survive, these pa-
tients can now be kept alive with parenteral nutrition. Over the long term parenteral
nutritional support can be provided at home, and many individuals with intesti-
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nal failure have done very well for many years with home parenteral nutrition
(HPN). However, HPN is a very expensive therapy, costing $250 to $500 US dol-
lars a day. Furthermore, HPN can be associated with potentially life-threatening
complications such as catheter-related sepsis, catheter-related thrombosis, meta-
bolic derangements, liver dysfunction, and bone disorders. In the pediatric popu-
lation and in adults with extremely short guts (i.e., < 50 cm with colon, <100 cm
without colon), gross impairment in liver function is seen in up to 50% of pa-
tients. Because central venous access is required for administration of TPN, and
recurrent central line placements often lead to venous stenosis or occlusion, long
term HPN often results in a loss of sites for vascular access.'?

Since in some patients HPN may only be needed temporarily, before consider-
ing intestinal transplantation attempts at establishing enteral feeding should be
pursued since there can be significant adaptation in intestinal function. Adapta-
tion of the intestine is a result of both an increased absorptive surface due to
hypertrophy and an increase in the efficiency of absorption. Generally, if an indi-
vidual with intestinal failure remains HPN-dependent after 1 year, intestinal trans-
plantation should be considered. If life-threatening complications of HPN develop
prior to 1 year, intestinal transplantation should be considered earlier. If during
the intestinal transplant assessment evidence of irreversible liver disease [cirrho-
sis, fibrosis, portal hypertension] is discovered, a liver/intestine transplant should
be performed. If the underlying disease process compromises the organs supplied
by both the mesenteric and celiac arterial systems, or if it mandates replacement
of other sections of the alimentary tract, a multivisceral transplant (i.e., stomach,
duodenum, pancreas, liver, small intestine, and colon) should be considered.

Although no specific disease entity, in and of itself, is an indication for intesti-
nal transplant, in the intestinal transplants performed to date the primary dis-
eases which have most commonly led to consideration of an intestinal transplant
are, in adults: mesenteric thrombosis, Crohn’s disease, trauma, volvulus, desmoid
tumor, Gardner’s syndrome/familial polyposis; and in children: volvulus, gas-
troschisis, necrotizing enterocolitis, pseudo-obstruction, intestinal astresia, and
Hirschsprung’s disease.'

CONTRAINDICATIONS

In general, intestinal transplants should not be performed in individuals who
have significant co-existent medical conditions that have no potential for improve-
ment following transplantation, and which would negate any potential benefit
provided by an intestinal transplant in terms of life expectancy or quality of life. If
the patient has active infection, malignancy, or HIV, transplantation is contrain-
dicated. If there is substantial evidence to indicate that a potential recipient or the
primary care givers are not willing or able to reliably assume the responsibilities
of the day-to-day management of the potential recipient following the transplant,
transplantation is contraindicated.
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PRETRANSPLANT RECIPIENT EVALUATION

All individuals under consideration for intestinal transplant should be seen and
evaluated by a multidisciplinary intestinal failure team including transplant sur-
gery, gastroenterology, nutritional services, psychiatry, social work, anesthesia, and
financial services. Further consultation with other specialties [i.e., cardiology, he-
matology, chest medicine, infectious disease, chemical dependency, dentistry, etc],
will be required in some cases. Baseline laboratory investigations including rou-
tine blood work, ABO blood group determination, HLA status, and panel reactive
antibody status will be performed. If not done previously, the GI tract should be
assessed both radiologically and endoscopically to accurately determine the length
and condition of the remaining bowel. It is also important to establish which large
veins are available for vascular access, as many of the patients will have limited
options. Living related donor transplantation can be discussed as an option if a
potential living related donor is availabl.!*

If after these evaluations there is consensus that the patient is a good candidate
for intestinal transplantation, the patient will be listed. While waiting for a donor
to become available the stable patient should be reassessed every three months to
determine whether there is any change is their PRA status, deterioration in liver
function, or development of other medical problems. Furthermore while waiting
for intestine only transplantation, the HPN administration should be monitored
very closely to ensure that it does not contribute further to the development of
hepatic steatosis and fibrosis since optimal balancing of carbohydrates and lipids
in the HPN solutions can minimize the development of hepatic pathology. These
patients will also need ongoing maintenance of their central lines to minimize
line-related complications such as infections and thrombosis. Furthermore while
waiting for transplantation close attention must be paid to fluid and electrolyte
disturbances which are common due to the often-excessive output from the re-
sidual GI tract, particularly in individuals who continue to eat or drink. In some
instances patients who have dysfunctional intestine [i.e., dysmotility or malab-
sorption syndromes] or a blind loop, which result in stasis of intestinal contents,
will develop severe problems with bacterial overgrowth and translocation result-
ing in recurrent, bacteremia and life threatening sepsis. Surgical revision to elimi-
nate blind loops including, in extreme situations, total enterectomy of dysfunctional
small bowel are sometimes warranted to keep these patients alive until transplan-
tation can be performed.

DONOR EVALUATION AND MANAGEMENT

CADAVERIC DONORS

All cadaveric donors are potential intestine donors. The cadaveric donor needs
to be ABO compatible with the recipient and because of the risk of graft versus
host disease ABO identical combinations should be used in most circumstances.
In most cases, extensive prior bowel resection has significantly reduced the size of
the recipient peritoneal cavity and therefore a donor that is 50 to 75% the size of
the recipient is needed. In certain circumstances segments of the intestine from a
larger donor may be considered.



Intestinal Transplantation 247

Donors should have no previous history of significant intestinal pathology. As
with all organs donors there should be no significant hemodynamic instability,
sepsis, history of malignancy or chronic infection, severe hypoxia, severe acidosis,
and they must have negative serology for HIV, hepatitis B and hepatitis C. A cross
match should be performed either using a standard cytotoxicity assay or flow
cytometry. In certain circumstances, if the cross match results are not available,
but the patient has had no evidence of presensitization based on pre- transplant
serologic surveillance, it may be reasonable to proceed without the cross match
results. Because of the need to minimize the intestinal cold ischemia time (<6
hours),'>!° it may not always be possible to obtain the cross match results in time.
Although HLA matching has not been studied extensively in small bowel trans-
plantation it is also useful to know the HLA status of both donor and recipient,
particularly if the recipient in known to be sensitized to certain HLA antigens.

Two other important considerations are the CMV and EBV serologic status of
the donors and recipients. Transplantation of a serologically positive donor into a
serologically negative recipient for either of these viruses can have serious conse-
quences.!” In addition to the risk of a systemic CMV infection, a CMV enteritis
can occur which can lead to graft loss. A new EBV infection combined with
posttransplant immunosuppression puts the patient at high risk for developing a
post transplant lymphoproliferative disorder (PTLD).!

If a donor is considered suitable, an NG tube should be placed and oral antibi-
otics administered to try and decrease bacterial counts in the donor gut. Ampho-
tericin B, Neomycin, and Erythromycin base are typically administered immediately
after the decision is made to go ahead with the procurement and then again at
initiation of the multi organ procurement. A formal bowel prep should not be
performed in most circumstances because, with the time constraints involved, the
bowel will end up severely distended making it difficult to transplant. In the rare
circumstance that there will be 12 to 24 hours between the identification of a
donor and the donor procurement, a formal bowel prep may be considered. Some
programs also consider administering OKT3 to the donor to decrease the num-
bers of lymphocytes in the allograft prior to transplantation,' although the merit
of this has not yet been determined.

Because the optimal cold ischemia time for intestinal grafts is less than 6 hours,
careful attention must be given to the timing of the donor and recipient proce-
dures to prevent prolonged cold ischemia. Consideration should also be given to
what other organs are going to be procured, as this may influence the length of the
donor procedure and the approach used by the small bowel procurement team.

LIVING DONORS

If a living donor is being evaluated, it is important that the potential donor be
evaluated by a multidisciplinary team that includes transplantation surgery, GI
medicine, psychiatry, nutritional services, and social work. To avoid a conflict of
interest, it is imperative that the physician who is in charge of working up the
donor not be an active part of the transplant team. As with any living donor pro-
cedure, the potential complications should be explained in great detail to the pro-
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spective donor on multiple occasions. It should also be made quite clear to the
patient that other options besides using a living donor are available. Time must
also be taken to fully understand the nature of the relationship between the donor
and the recipient. Living donation should not be pursued if coercion or financial
incentive appear to be the primary motivation for donation.

If a number of potential living donors are available, particularly among family
members, then careful consideration should be given to the best available HLA
match. The donor-recipient size discrepancy must also be considered but since, in
a living donor, only a segment of the intestine is transplanted, size limits are less
restrictive. As with cadaver donors, the donor and recipient should be ABO iden-
tical, although in some circumstances ABO compatible combinations can be con-
sidered.

As with cadaveric donors, living donors must be free of significant pathology
involving the GI tract. Any potential living donor must be in good health with no
previous significant medical problems, including diabetes, malignancy, or chronic
infection. There should be no history of substance abuse or other high-risk activi-
ties in the donor, and no significant psychiatric history. Serology in the living do-
nor must also be negative for HIV, Hep C and Hep B. Obese donors should be
avoided. As with cadaveric donors, the CMV and EBV status of the donor and
recipient must be carefully considered and the combination of positive donors to
negative recipients should be avoided. The living donor should be worked up com-
pletely including CBC, electrolytes, liver function tests, EKG, chest x-ray. The GI
tract should be evaluated endoscopically and if any concerns exist, GI contrast
studies should be performed. A mesenteric angiogram with selective study of the
SMA and its venous phase should be performed to ensure that the terminal SMA
and SMV are adequate.

One day prior to surgery the potential donor should be kept on clear fluids and
administered neomycin 1 gram and erthyomycin base 1 gram PO at 1300 and
1400 and 2300 hours. The potential living donor should also undergo a formal
bowel preparation using GOLYTELY (4L) the day prior to surgery.

DONOR PROCUREMENT

It is important for all procurement teams to work closely in coordinating their
various roles in the procurement process. The small bowel team must work most
closely with those teams that are procuring other intra-abdominal organs. Prior
to initiating the procurement there must be an agreement as to where the portal
vein, or superior mesenteric vein will be divided. If no pancreas is being procured,
then the portal vein is usually divided at least 2 centimeters superior to the splenic
vein take off. If the pancreas is going to be used then the superior mesenteric vein
must be taken immediately below the uncinate process. With regards to the artery,
if the pancreas is not being used then typically the entire superior mesenteric
artery will be taken along with a long tube of adjoining aorta extending up into
the chest, to provide additional length for the artery should it be necessary. If this
is done, great care must be taken in preserving a small Carrel patch at the origin of
the celiac artery for the liver procurement team, if requested. If the pancreas is
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going to be used then the proximal superior mesenteric artery will need to be
preserved for the head of the pancreas and the artery will have to be divided im-
mediately below the uncinate process. In all of these circumstances, extra seg-
ments of donor artery, preferably the iliac artery; and donor vein, preferably the
iliac vein, should be taken in case vascular extension grafts are needed when the
small bowel allograft is revascularized.

In general, after the abdomen is open, the first step in small bowel procurement
is to perform a gross visual inspection of the small bowel. If all appears well, the
omentum should be taken off the right side of the transverse colon to approxi-
mately the mid transverse colon. Care must be taken not to transect the transverse
mesocolon. At this point, after identifying the middle colic vessels, a site immedi-
ately to the donor’s left of the middle colic vessels is chosen as the distal extent of
the small bowel graft. A small hole is made in the transverse mesocolon at this site
in preparation for transsection of the bowel. Next after entering into the lesser sac
along the greater curvature of the stomach near the pylorus, the pylorus is en-
circled taking care not to injure the arteries going to the liver. An NG tube is then
manipulated into the duodenum where the Amphotericin/Neomycin/Erythromy-
cin base solution is infused. Once the solution has been infused [250-500cc], and
the NG tube is withdrawn into the stomach, the pylorus is divided using a GIA
stapler. After a few minutes are given for the solution to pass through the small
bowel and into the colon, the jejunum just distal to the ligament of Treitz is en-
circled and divided using a GIA stapler. Next the transverse colon should be di-
vided at the previously selected site. If any solid stool is palpated in the right colon
it should be milked distally prior to transection so that it is not included in the
graft. Therefore, the intestinal segment to be removed extends from the ligament
of Trietz to the mid-transverse colon. After this segment has been completely mo-
bilized, attention is diverted to the arterial and venous supply, which are isolated
as described previously.

For procurement of a liver-intestine graft, the portal vein is not divided but is
procured in continuity with the liver after ligating all posterolateral branches in
the head of the pancreas. The correct orientation of the portal vein should be
made apparent using small clips or indelible ink to avoid twisting during implan-
tation. The hepatic arteries are also not divided but are procured in continuity
with the celiac artery, SMA and a long, adjoining segment of thoracic aorta.

For a multivisceral transplant, all organs to be transplanted are removed en
bloc with their blood supply procured in continuity with the celiac artery, SMA
and a long, adjoining segment of thoracic aorta.?

When the organs are ready for removal a cannula is placed in the distal aorta,
which is flushed retrogradely with University of Wisconsin solution. Simultaneous
with initiation of the flush, the supra-hepatic vena cava is partially divided in the
chest cavity to facilitate extravasation. The thoracic aorta is also clamped in the
chest. After the small bowel graft has been extravasated and completely flushed
with cold preservation solution, it is removed and placed in sterile bags which are
placed in a cooler for transport.

—_
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It is very important that the small bowel procurement is done in close coordi-
nation with the preparation of the recipient. The two procedures should be timed
so that when the donor team arrives back at the recipient hospital, all is ready for
the graft revascularization.

RECIPIENT PROCEDURE

When a donor is first identified the recipient must be notified immediately so
that their surgery can be coordinated with the donor procedure. The waiting re-
cipient should at all times be prepared to transport themselves to the hospital
within a couple of hours of notification. Preoperative blood work and other man-
datory preoperative tests should be obtained immediately upon arrival to the hos-
pital and broad spectrum antibiotics should be administered approximately 15
minutes prior to the opening incision. Since most intestinal transplant recipients
have limited vascular access, the current TPN line may be utilized. The surgical
team should inform the anesthesia team of potential available sites for other I.V.
access, so that futile attempts to establish IV access are avoided.

The recipient is taken to the OR at an appropriate time dictated by the amount
of surgery that is anticipated to be necessary to prepare for implantation of the
donor graft. In some circumstances residual segments of diseased bowel will need
to be removed from the potential recipient. Furthermore, a decision will have to
be made as to which vessels the donor bowel will be anastomosed to. Ideally, if
they are not diseased and are of satisfactory caliber, the recipient superior mesen-
teric artery and vein can be used. Alternative choices would be the infrarenal aorta
for arterial input and the portal vein or inferior mesenteric vein for venous drain-
age. If the portal venous system is not accessible or useable, the inferior vena cava
can also be used. Although anastomoses between a donor portal venous branch
and the recipient cava are not physiological, in the instances where they have been
performed, patients have had no adverse consequences.

For a liver-intestine graft, the caval anastomoses are performed as with a
liver-only transplant. The recipient portal vein, which will still be draining the
residual recipient visceral organs can either be anastomosed end-to-side to the
recipient cava or to the donor portal vein. The aortic segment with its celiac and
SMA trunks intact is then anastomosed end to side to the infrarenal aorta.

For a multivisceral graft, if the liver is included, the caval anastomoses are per-
formed followed by the donor aortic segment to recipient infrarenal aortic anas-
tomosis. If the liver is not included, the donor portal vein is anastomosed to the
recipient portal vein or cava.?

In addition to preparing sites for the vascular anastomoses, appropriate sites
for the proximal and distal intestinal anastomoses should also be identified. Ide-
ally, the proximal end of the donor intestine will be anastomosed to the most
distal and accessible segment of the recipient’s remaining small intestine, which
typically is at or distal to the ligament of Treitz. If in the pretransplant evaluation
the recipient has been shown to have severe gastric dysmotility with delayed gas-
tric emptying, consideration of what to do with the stomach must be included in
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the overall surgical plan. The management of the stomach in these circumstances
is somewhat controversial. The options include:

a. Doing nothing at the time of transplant and following the patient to see if

gastric emptying remains a problem post transplant.

b. Performing a gastrojejunostomy—anastomosing proximal donor intestine

to the stomach.

¢. Performing a partial gastrectomy and gastrojejunostomy.

d. Performinga multivisceral transplant which would include stomach, duode-

num, pancreas, intestine and, if necessary, liver.

Another area of controversy is whether a segment of colon should be trans-
planted with the small intestine or not. The primary advantage of transplanting
the colon is that it helps to control the severe fluid and electrolyte imbalances
which can occur posttransplant. The disadvantage is that it may predispose to a
higher incidence of bacterial translocation and infectious complications.?!

If the recipient has remaining healthy colon, its proximal end would be the
ideal site for anastomosis to the distal end of the donor intestine. If the recipient
has had a proctocolectomy, the distal end of the donor intestine can be brought
out as an end colostomy or ileostomy. In certain circumstances it may be prefer-
able to perform a pelvic pull-through with a colo-anal anastomosis, but this if
often better left for a second operation. If an end-ileostomy is not created, a site
for a loop ileostomy must be selected. An ileostomy of some form is essential to
provide direct vision and direct endoscopic access to the small bowel for surveil-
lance following the transplant. Some centers perform a Bishop-Koop type of ileo-
stomy rather than a loop ileostomy.

Another important consideration in the recipient operation is the placement
of a feeding jejunostomy tube. Because early establishment of enteral feeding is
essential, and since the establishment of oral feeding is less predictable a feeding
jejunostomy should be placed at the time of transplant. The safest approach is
often to put a percutaneous gastrojejunal tube into the native stomach, passing it
into the proximal jejunum of the intestinal allograft. This precludes any
allograft-related problems compromising the integrity of the tube insertion site.
In some circumstances, however, it may be preferable to place a jejunostomy tube
directly into the donor jejunum.

Upon arrival of the donor team at the recipient hospital, implantation of the
graft must begin as soon as possible. The patient should be fully heparinized prior
to the vascular anastomosis. Overall the total cold and warm ischemia time should
be kept less than 6 hours. The warm ischemia time should ideally be less than 30
minutes. After completion of the vascular anastomoses and reperfusion of the
graft, if all segments are perfused well the proximal and distal intestinal anasto-
moses should be performed followed by the ileostomy. The patient can then be
closed after the feeding jejunostomy is placed. The recipient should be left with a
tube or combination of tubes that will both decompress the stomach and allow
feeding in the jejunum.
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POSTOPERATIVE MANAGEMENT

The recipient should be established on immunosuppression immediately fol-
lowing surgery. For the first several days posttransplant, only select medications,
included Tacrolimus should be administered via the GI tract. In circumstances
where Tacrolimus absorption via the GI tract has been questionable, sublingual
administration can be utilized. In most circumstances Tacrolimus is the main
immunosuppressive drug. However, if the patient is intolerant of Prograf, consid-
eration can be given to other immunosuppressive regimens based on Neoral.
Sirolimus, especially in combination with Tacrolimus, has improved patient and
graft survival and is now being incorporated into most immunosuppressive pro-
tocols. Steroids are also included in the postoperative immunosuppressive regi-
men. While induction with OKT3 or ATGAM has generally been avoided because
of the higher incidence of PTLD associated with intestinal transplantation,'® some
centers have been reevaluating their role. Alemtuzumab (CAMPATH-1H)' an anti-
CD52 mAB, has also been used by some centers although its safety and efficacy in
intestinal transplantation has not yet been clearly established. Monoclonal anti-IL2
receptor antibodies (Basiliximab, Daclizumab) are currently being used for most
intestinal transplants, as they appear to provide benefit. While some programs
have included mycophenolate mofetil,? others have avoided it because of its asso-
ciation with gastrointestinal side effects. Prostaglandin E1 is commonly adminis-
tered intravenously while the patient is in the hospital, both for its ability to improve
the small bowel microcirculation and its potential immunosuppressive effects.
Broad-spectrum intravenous antibiotics are usually continued for at least 1 week
following the transplant.

It is imperative to maintain prophylaxis for cytomegalovirus (CMV) and Epstein
Barr, virus (EBV) infections post operatively particularly where the donor is posi-
tive for CMV or EBV and the recipient is negative. CMV prophylaxis is best ac-
complished with Gancyclovir, although CMV immune globulin (Cytogam) has
also been used. Acyclovir, which is less effective than Gancyclovir for CMV, is ef-
fective prophylaxis for EBV. Intravenous immune globulin (IVIG) is also used by
some centers as EBV prophylaxis.

In the immediate postoperative period it is essential to check hemoglobins regu-
larly for evidence of bleeding. It is also important to monitor serum pH and lac-
tate levels to detect any evidence of intestinal ischemia or injury. Prograf levels
should be followed daily and doses adjusted to achieve a serum level of 20-25 ng/
ml in the early posttransplant period.

Approximately 5 days post transplant, if all is stable, an upper GI contrast study
should be performed to ensure that there is no leakage or other gross abnormality
in the newly established gastrointestinal tract. If the upper GI contrast study re-
veals no contraindication, tube feed should be initiated slowly but can usually be
advanced to provide full nutritional support within a couple of days. The ideal
features of an enteral feeding solution to be established in a new intestinal trans-
plant recipient are that it: (a) provides maximum calories with minimal volume



Intestinal Transplantation 253

without being hyperosmolar; (b) has minimal or no complex fatty acids [medium
chain triglycerides are ok]; and (c) is supplemented with glutamine and/or arginine.

POSTOPERATIVE SURVEILLANCE
In the post operative period several potential complications need to be closely
watched for, including the following.

REJECTION

Acute cellular allograft rejection is unlikely to occur within the first few weeks
following the transplant, provided immunosuppression is adequate. Subsequently,
rejection can occur at any time but is most common in the first year, particularly
the first 6 months. Unfortunately, as of yet, there is no single blood test, which will
detect an early rejection. Therefore, suspicion of rejection must be based on clini-
cal evaluation. Although no single sign, or combination of clinical signs is entirely
reliable, in most instances rejection is associated with fever, a significant increase
in stomal output, and GI symptoms such as abdominal pain, cramping, nausea,
vomiting and diarrhea.

Although most lab tests are not helpful in confirming the diagnosis, chromium
EDTA,® or Technetium DPTA* isotope studies have been useful in identifying
increased intestinal permeability which correlates well with, but is not specific for,
rejection. If rejection is suspected, endoscopic evaluation of the intestinal graft
must be performed. The endoscopic evaluation should include as much of the
small bowel as possible and biopsies from numerous sites (at least 6) should be
obtained, since rejection can often be segmental. The loop ileostomy greatly fa-
cilitates this type of assessment and for that reason the ileostomy is usually kept in
place for 6 months to a year following the transplant. Although the endoscopic
appearance of rejecting small bowel is often abnormal with evidence of inflam-
mation and ulceration, in early rejection it can be quite normal. Zoom-endoscopy
appears to provide more a valuable endoscopic identification of acute rejection in
the small bowel. The gold standard for diagnosing rejection is histologic evalua-
tion of the biopsies. Typically early rejection is associated with increased apoptotic
figures [normal less than 2 to 3 per high power field]. Other histologic findings
associated with rejection include: the presence of activated lymphocytes in the
lamina propria; loss of goblet cells; loss of villus height, and ulceration.?

When a diagnosis of rejection is made, the patient should be treated with
Solumedrol 500mg IV for 3 days. Prograf levels should be rechecked and doses
increased accordingly. If there is persistent evidence of rejection following treat-
ment with steroids, the patient should be treated with OKT3 or Thymoglobulin.
If, despite maintaining adequate immunosuppressive levels, rejection episodes
continue to occur, consideration should be given to adding additional drugs, such
as Sirolimus to the immunosuppressive regimen. Because escalation of immuno-
suppression can be complicated by life threatening infections or malignancies,
such patients should be carefully monitored.
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INFECTION

Patients who undergo small bowel transplant are even more susceptible to in-
fectious complications than other transplant recipients. There are primarily two
reasons for this:

1. The intestinal allograft is transplanted with a significantly higher load of
microorganism than any other organ allograft. Therefore, any process which
compromises the intestinal allograft will influence the containment of these
microorganisms within the graft and contribute to their spread to various
areas of the body.

2. Because intestinal rejection is difficult to detect and because severe rejec-
tion can often lead to life threatening sepsis, these patients are maintained
on higher degrees of baseline immunosuppression than recipients of other
organ transplants.

Bacterial Infections

When bacteria translocate from the compromised intestinal allograft, there are
commonly two places where they go initially. Since the lympathics are divided in
the procurement of the intestinal allograft it is common that there is leakage of
intestinal lymph into the peritoneal cavity. This often contains bacteria. While
typically the peritoneal cavity is capable of handling a moderate load of bacteria,
in the immunocompromized state—particularly when significant ascites is
present—bacterial peritonitis can occur. The second route by which bacteria can
spread is by direct translocation into the portal circulation and subsequent dis-
semination to other sites. Particularly common infections resulting from bacterial
translocation are central line infections and pneumonias. The typical organisms
are consistent with those, which are found in the GI tract and include E.Coli,
klebsiella, enterobacter, staphylococci enterococci, etc. Because of the degree of
immunosuppression used, other typical and atypical postoperative infections are
more likely to occur.?

Viral Infections

A primary concern with intestinal transplantation is the development of a CMV
infection, which can manifest as CMV enteritis that can be severe and lead to graft
loss. In general, transplantation of a graft from a CMV positive donor to a CMV
negative recipient is avoided. The clinical manifestations of CMV enteritis are not
unlike that of rejection with fever, increased stomal output and GI symptoms.
Other important clues which may sway the clinical diagnosis more towards CMV
enteritis include: the CMV status of the donor and recipient, the degree of immu-
nosuppression at the time symptoms developed, and a positive CMV antigenemia
assay. Also with CMV infections there is typically a decrease in the white blood
cell count and flu-like symptoms. Endoscopy should be performed and multiple
biopsies taken if there is a clinical enteritis. While the histologic picture of CMV
can sometimes be similar to that of rejection, with CMV enteritis the presence of
CMV inclusion bodies is diagnostic. If CMV is diagnosed, the patient should be
treated with therapeutic doses of Gancyclovir. If there is evidence of Gancyclovir
resistance, Foscarnet or CMV immune globulin (Cytogam) should be considered.
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Furthermore, immunosuppression should be reduced until the CMV infection is
controlled.”

Epstein Barr virus (EBV) associated infection can initiate an entire spectrum of
disease. Those particularly at risk are recipients who are EBV negative and who
receive an EBV positive graft. An acute EBV virus infection is typically associated
with severe malaise and fever and flu-like symptoms i.e., infectious mononucleo-
sis. Other evidence of EBV infection can include an increase of liver function tests,
splenomegaly and lymphadenopathy. In certain instances an EBV infection can
progress to a post transplant lymphoproliferative disorder (PTLD) which can de-
velop into a malignant lymphoma. Surveillance for PTLD should therefore began
immediately following the transplant particularly in EBV negative recipients who
have received EBV positive grafts. PCR has been utilized to semiquantitatively
monitor EBV replication by quantitatively determining the amount of EBV en-
coded RNA (EBER) in the serum as an early warning of an impending PTLD.?
Other approaches using in situ hybridization have also been described.

While there is no standardized strategy for preventing PTLD, two basic ap-
proaches have evolved. One approach is to give long term prophylaxis with recipi-
ents maintained on ganciclovir and/or IVIG for 3 to 12 months following the
transplant. The other approach is to have a shorter period of prophylaxis (2 to 6
weeks,) followed by surveillance as described above and preemptive therapy should
surveillance identify increased EBV replication. Similar strategies are also used or
CMV surveillance.

POSTTRANSPLANT FUNCTION

Typically the transplanted intestine will initiate peristalsis immediately after
reperfusion. However, in the process of procuring the donor intestine all extrinsic
innervation to the bowel is disrupted. This and other factors contribute to a less
orderly peristalsis than is seen in a normal intestine. Often a more significant prob-
lem is the dysfunction of residual native intestine in a patient with a primary
dysmotility syndrome. In some instances the stomach, duodenum, and colon, etc,
will be left in place to best approximate re-establishment of normal gastrointesti-
nal continuity. Sometimes these retained native segments function adequately while
in other instances they do not. It remains controversial whether such patients are
best served by isolated intestinal transplants, or by multivisceral transplants which
would provide a new stomach, duodenum and colon if necessary.

The absorptive capacity of the transplanted intestine is typically good. While
there may be some initial malabsorption of carbohydrates, for the most part car-
bohydrate absorption appears to normalize within the first several months as de-
termined by d-xylose absorption.” Clearly, absorption of immunosuppressive
drugs, particularly Prograf, is instantaneous and some transplant programs ini-
tiate oral immunosuppressive drugs immediately following surgery. While drug
malabsorption has been described,* difficulty in obtaining levels is often associ-
ated with inability to retain ingested drugs because of nausea or vomiting, or non-
compliance. Although very little has been done to measure amino acid absorption
in intestinal transplantation, this also appears to be adequate quite early as deter-
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mined by nonspecific markers of protein nutrition such as pre-albumin. Fat ab-
sorption on the other hand is impaired for several months following intestinal
transplantation. Because the intestinal lymphatics are unavoidably disrupted in
the procurement process, intestinal lymphatic drainage is not re-established for
several months following the transplant. Absorption of dietary lipids, which pri-
marily are made up of long chain triglycerides, depends on lymphatic drainage.
Medium chain triglycerides (MCTs), i.e., those consisting of 8 to 12 carbon fatty
acids, can be absorbed directly into the portal circulation. For these reasons it is
essential to supplement enteral feeds with MCTs for several months following
transplantation. Use of more complex fatty acids will lead to malabsorption of fat
with increased ileostomy output and possible dehydration. To avoid an essential
fatty acid deficiency, it may be necessary to intermittently supplement with intra-
venous fats, until the intestinal lymphatics are reestablished. Because of the obliga-
tory fat malabsorption, there can also be malabsorption of the fat-soluble vitamins
[Vitamin D, E, A, K]. Despite this, 72% of adults and 93% of children gain weight,
and essentially all achieve their ideal body weight range.!

Because of the abnormal intestinal motility and malabsorption, associated with
the early posttransplant period, the ileostomy output can be unpredictable and
often excessive. Even in the best of circumstances, high ileostomy output can be
anticipated early once full enteral nutrition has been established. Very close atten-
tion must be made to the overall fluid and electrolyte balance to prevent severe
dehydration and/or electrolyte imbalances. It is imperative, in addition to accu-
rate monitoring of daily in and outs, to follow daily weights and electrolytes. Once
enteral nutrition is found to be providing all nutritional requirements, TPN is
discontinued. If weight is maintained or weight gain occurs, and there is no sig-
nificant evidence for protein malnutrition, TPN can be permanently discontin-
ued. After a brief period of adjustment, ostomy output should become quite
predictable over a given period of time. Dramatic changes in ostomy output should
be investigated, as this can be an early indicator of rejection or other pathology.
Overall, 70-80% of patients who undergo successful transplantation can be com-
pletely removed from TPN.1

PATIENT AND GRAFT SURVIVAL

The one-year graft survival for intestinal transplants performed since 1991 is
approximately 60%. Despite early trends, there appears to be no difference in
long-term graft survival when other organs are transplanted with the intestine.
With regards to patient survival, overall 1-year survival for intestine-only trans-
plants has been approximately 70%, while for intestine plus liver, or multi visceral
transplants 1-year patient survivals have been 62 % and 52%, respectively. How-
ever, evaluation of the most recent cohort of transplants performed at the most
experienced centers suggests that patient survival in two of these three groups is
improving with 77%, 69% and 62% one year patient survivals in intestine-only,
multivisceral, and intestine plus liver transplants respectively. While meaningful
data on long term graft and patient survival is not yet available, it appears that a
plateau in survival may begin to occur at approximately the two-year mark. As has
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been the case with all newly established organ transplants, there appears to be
learning curve phenomena with improved patient survivals observed in the most
experienced centers.”

MORBIDITY

Acute rejection has occurred in 79% of patients undergoing intestine-only trans-
plants. Once again the liver, and perhaps other organs, may have a protective ef-
fect since the acute rejection rates for liver/intestine and multivisceral transplants
have been 71% and 56% respectively. Similarly, chronic rejection, which has been
demonstrated in 13% of intestine-only transplants, has been uncommon in liver/
intestine (3%) and multivisceral transplants (0%). Despite the fact that most cen-
ters avoid transplanting intestinal grafts from cytomegalovirus (CMV) positive
donors, CMV infections occurred in 24% of intestine-only grafts, 18% of liver/
intestine grafts, and 40% of multivisceral grafts.

Post-transplant lymphoproliferative disorders (PTLDs) have been seen in 8.3%
of intestine-only, 13.3% of liver/intestine, and 15.8% of multivisceral grafts.'
PTLDs often manifest as fever and lymphadenopathy or lymphoproliferation in
either donor or recipient tissue. Lymphoma can also manifest with gastrointesti-
nal symptoms including nausea, vomiting, diarrhea, bowel obstruction, GI bleed-
ing, or perforation.

The incidence of PTLD in intestinal transplant recipients is higher than in other
organ transplant recipients. The occurrence of PTLD clearly correlates with the
intensity of immunosuppression. Significant increases in the incidence of PTLD
are noted in-patients who receive OKT3 or ATGAM, especially if their total anti-
body course exceeds 21 days. While PTLD tends to first manifest between 2 weeks
and 6 months after a transplant, it can appear at any time.

The diagnosis of PTLD usually requires a biopsy. Often this is most easily ob-
tained from an enlarged superficial lymph node or from clinically or radiologi-
cally involved tissue. If the suspected organ is the intestine graft itself, it can
sometimes be difficult to differentiate PTLD from rejection, or CMV infection.
When this is the case it is often useful to obtain further studies including EBER
staining of suspicious tissue. It is often also useful to evaluate the serum for a
typical monoclonal or polyclonal immunoglobulin bands which can sometimes
be present. Gene studies are often helpful to identify abnormal karyotypes which
can aid in diagnosis and prognosis (C-myc, N-ras, p 53) is polyclonal or mono-
clonal. It should also be determined whether the abnormal lymphocytes sites are
primarily B cells or T cells. T cell lymphomas are less common than B cell lym-
phomas in post-transplant PTLDs.

If the diagnosis of PTLD is made, immunosuppression should be reduced to
approximately half of what it had been. In approximately one third of cases, this
will result in a remission of the PTLD. Anti B-cell mAB (Rituximab) therapy is
initiated. If after 2 weeks there is no evidence of improvements, all immunosup-
pression should be discontinued and serious consideration should be given to
additional therapeutic measures including chemotherapy and/or adoptive immu-
notherapy. If necessary, an intestine-only graft can also be removed.
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MORTALITY

Opverall, the most significant cause of morbidity and mortality has been infec-
tious complications. Over half (51%) of the deaths in intestinal transplant pa-
tients have been clearly attributed to sepsis. Other causes of death have included
rejection (10%), technical complications (7%), PTLD/Lymphoma (7%), and res-
piratory causes (7%).1°

FUTURE DIRECTIONS

Intestinal transplantation provides unique and difficult challenges. Because of
the delicate balance that must be maintained to provide adequate immunosup-
pression without over immunosuppression, it is imperative that a simple marker
be developed which will alert clinicians that an early rejection is brewing. Another
goal is to develop strategies, which eliminate or minimize the risk of rejection. To
this end many researchers are attempting to develop strategies for inducing toler-
ance. Several groups have attempted to induce a state of microchimerism and
tolerance by transplanting bone marrow along with the intestinal allograft.’? To
date, this approach has not been shown to be effective. Other groups have admin-
istered donor specific transfusions simultaneous with implantation of the intesti-
nal graft.>> While there are some preliminary animal studies suggesting that this
approach might be effective, its benefit has not yet been proven in humans. An-
other approach, which has been effective in kidney transplantation, is HLA match-
ing. Although due to time constraints this may not always be practical in the realm
of cadaveric intestinal transplantation, it is possible with living related donors.
While the experience with living related donor intestinal transplantation has been
very limited to date, some of the longest surviving intestinal grafts from the pre
cyclosporine era were achieved when living related donors were utilized. More
recent experiences with modern immunosuppression have shown that graft sur-
vival with living donors is at least comparable to that achieved with cadaveric
donors.!*! The potential advantages of using living donors are: (a) opportunity
for better HLA matching; and (b) better control over ischemia times. The poten-
tial disadvantages are that: (a) the donor, who does not need a surgical procedure,
is put at risk; (b) the allograft will consist of a shorter segment of bowel with
smaller blood vessels.

SUMMARY

Intestinal transplantation is an option for individuals who are otherwise com-
mitted to a life of HPN because of intestinal failure. Intestinal transplantation is a
fairly new procedure, which is still evolving, and at this time is still associated with
significant risks. Rejection in intestinal transplantation is controllable with cur-
rent immunosuppressive drugs, provided it is identified early. Infectious compli-
cations are the most significant cause of morbidity and mortality with intestinal
transplantation. Post transplant lymphoproliferative disorders are also more com-
mon after intestinal transplantation, particularity when multivisceral transplants
are performed. New strategies for detecting rejection and preventing infection are
needed for intestinal transplantation to achieve the level of success that has been
achieved with other solid organ transplants.
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Heart Transplantation

Keith A. Horvath and David A. Fullerton

INTRODUCTION

On December 3, 1967, Mr. Louis Waskansky underwent the first successful hu-
man cardiac transplant, performed by Dr. Christian Barnard in Cape Town, South
Africa. This milestone was reached after the technical aspects of orthotopic car-
diac transplantation had been described in 1959 by Ross M. Brock of Guy’s Hos-
pital in London. The following year Shumway published the seminal paper on
orthotopic cardiac transplantation in which the technical aspects, recipient sup-
port and donor organ preservation were integrated into a single approach. The
initial experience with heart transplantation in the ensuing twelve months after
Barnard’s first operation was dismal: 71 of the first 100 recipients died. The intro-
duction of cyclosporine provided the next breakthrough that allowed hospital mor-
tality to drop below 10 percent and five-year survival rate to approach 80 percent.

There are currently 143 heart transplant centers in the United States and the
number of transplantations has plateaued at an annual rate of approximately 2300
per year in the United States and 3400 per year worldwide. These plateaus are due
to limitations of donor availability and as a result approximately 30 percent of
patients on the waiting list will die before a suitable organ is available.

PRETRANSPLANT MANAGEMENT OF THE RECIPIENT

Most patients are evaluated for cardiac transplantation due to symptoms of
heart failure. Some patients, however, are considered primarily because of low left
ventricular ejection fractions with or without ventricular arrhythmias, severe an-
gina refractory to medical therapy or end-stage coronary artery disease. Despite
ejection fractions that may be considered low enough to be an indication for trans-
plantation, many patients can be managed medically. Their arrhythmias may be
treated with amiodarone, radio frequency ablation or an implantable defibrilla-
tor. Intractable angina due to severe coronary artery disease may be amenable to
less conventional methods like transmyocardial laser revascularization. Unfortu-
nately the number of patients who can be treated by these methods is small, and
the majority are referred with severe symptoms of heart failure.

The initial medical therapy for these patients is exercise within their level of
tolerance, restrictions on fluid (2 L/day), and sodium (2 gm/day). First line medi-
cations typically include digoxin, loop diuretics, and ACE inhibitors. When this
medical regimen fails it is most commonly due to a direct failure to recognize
fluid overload. This may lead to recurrent hospitalizations. During these hospital-
izations optimization is usually possible with fluid balance and vasodilatation with
hemodynamic monitoring. For example, intravenous nitroprusside and diuretics
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are used to obtain the following hemodynamic measurements as obtained by pul-
monary artery catheterization. The pulmonary capillary wedge pressure should
be < 15 mm Hg, the systemic vascular resistance < 1200 dynes/s/cm?, the right
atrial pressure < 8 mm Hg and the systolic blood pressure > 80 mm Hg. Conver-
sion from intravenous medications to oral vasodilators and diuretics may then be
feasible. Additional medications such as hydralazine, beta-blockers, amiodarone,
anticoagulants and ultrafiltration may be useful as a next line of therapy or to
stabilize the situation. If intravenous inotropic support is required, particularly if
the patient then becomes dependent on such medications as dobutamine, or
milrinone, then mechanical ventricular assist devices may be used as a next line of
therapy. Mechanical assistance is particularly valuable to prevent irreversible fail-
ure in other organ systems. The simplest form of mechanical support is an
intraaortic balloon pump (IABP). The intraaortic balloon pump may be very use-
ful but should be considered as temporary support. This becomes an issue as pa-
tients supported on inotropes or with the IABP have experienced increasingly
long waits on the transplant list. The indications for mechanical support are a
cardiac index less than 2.0, mean arterial pressure less than 60 mm Hg and wors-
ened hepatic and/or renal function. If a patient is unable to be weaned from an
TIABP in two to three weeks, then ventricular assist device (VAD) (see Table 11.1)
or total artificial heart (TAH) may be indicated.

At present several total artificial heart devices are being investigated, including
the Penn State heart, and the Abiomed TAH. Several axial flow pumps to be used
as VAD and TAH are in development. Additional surgical approaches fall short of
transplantation, such as cardiomyoplasty, which entails the wrapping of the latis-
simus dorsi muscle around the heart after the muscle has been preconditioned by
artificial stimulation. Another procedure, based on the principles of volume re-
duction to improve stroke work and decrease wall tension, is the Dor procedure.
This operation entails resection of the left ventricle, frequently with mitral valve
replacement or repair. This is primarily reserved for patients with largely dilated
left ventricles. While the early results are encouraging, the incidence of sudden
death post procedure remains high.

INDICATIONS

Cardiac transplantation is an accepted therapy for many forms of end-stage
heart disease. According to the Registry of the International Society for Heart and
Lung Transplantation (ISHLT), the principle diagnoses among heart transplant
recipients are ischemic cardiomyopathy (44%) and idiopathic cardiomyopathy
(43%) (Fig. 11.1).

There are no strict criteria dictating when a patient with severe heart disease
should be listed for heart transplantation. Characteristics of patients for whom
heart transplantation should be considered include:

1. end-stage heart disease refractory to maximal medical management,

2. an estimated survival without transplantation of less than approximately

6-12 months,
3. not amenable to any other conventional therapy.
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Indications for Heart Transplantation
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Fig. 11.1. Indications for heart transplantation. From: ISHLT website—www.ishlt.org, 2/03.

Once a patient is recognized to have those characteristics, a rigid evaluation
process must be undertaken to determine if the individual patient is a suitable
candidate for transplantation. The following must be considered in the evalua-
tion process.

PATIENT AGE

Establishing an upper age limit for recipients within a given program is highly
controversial. During the decade of the 1980s, most programs limited transplan-
tation to patients under age 55. By the late 1980s and early 1990s, successful out-
comes with heart transplantation, coupled with many more patients above age 60
and 65 with end-stage heart disease, prompted many programs to offer heart trans-
plantation to older patients. It is now apparent that patient selection by strictly
age limit alone is inappropriate. Selection must instead be based on the patient’s
physiological rather than chronological state.

Nonetheless, it must be noted that one-year survival following heart transplan-
tation decreases with age. According to the ISHLT Registry data, patient age 50-59
years is a significant risk factor for mortality within the first year following trans-
plant (odds ratio 1.23). Recipient age > 60 years has an odds ratio of 1.73. Age
seems to have its greatest impact by creating a significantly higher operative mor-
tality associated with transplant procedure: by three months posttransplant the
survival curves for patient

< 65 years and > 65 years are parallel (Fig. 11.2). Older patients in otherwise
good physiological condition may benefit greatly from heart transplantation, with
improved survival and quality of life. But because the risk of heart transplanta-
tion increases with age, patients above age 60 must be very carefully evaluated to
exclude any other important risk factors.
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Fig. 11.2. Survival following heart transplantation as it relates to recipient age. From:
Hosenpud JD et al. The registry of the International Society for Heart and Lung Trans-
plantation: fifteenth official report. ] Heart Lung Transplant 1998; 17:656-668. Reprinted
by permission from Mosby Year-Book, Inc.

PATIENT SUPPORT SYSTEMS

Potential recipients must demonstrate an ability to comply with the complex
medical regimens associated with posttransplant care. A support system of family
and/or friends is extremely important in this regard. A thorough psychosocial
evaluation is required to exclude the personality traits or interpersonal relation-
ships, which will preclude successful care during the pre- and posttransplant time
periods.

SEVERITY AND PROGRESSION OF PATIENT ILLNESS

A spectrum of illness exists among patients with end-stage heart failure. Heart
failure may be acutely life threatening following an acute myocardial infarction,
myocarditis, or failure to wean from cardiopulmonary bypass. Without inotropic
infusions and/or support from an intraaortic balloon pump or mechanical ven-
tricular assist device, such patients may die. Although acutely ill patients may sur-
vive to enter a more chronic condition, a decision must often be made during the
acute phase whether or not the patient should be listed for transplantation.

Patients with more chronic heart failure may typically be managed as outpa-
tients with strict attention to their medical regimen; this affords further stratifica-
tion of the severity of their disease. Among patients with good control of their
symptoms and satisfaction with their quality of life, continued medical therapy is
indicated. Alternatively, repeated hospitalizations for heart failure indicate a poor
prognosis and heart transplantation should be considered.
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PEAK OXYGEN CONSUMPTION (VO,)

Peak VO, consumption has become an important tool in the decision regard-
ing the timing of transplantation. It helps quantify the degree of cardiac dysfunc-
tion and offers an objective prognosis of the patient. Serial determinations of peak
VO, may be used to assess response to therapy and to track progression of disease.
A peak VO, greater than 14 ml/kg/min is associated with one-year survival greater
than 90% and suggests that transplantation may be deferred. A peak VO, less than
10-12 ml/kg/min is associated with a poor prognosis and patients should be con-
sidered for transplantation.

SYSTEMIC DISEASES

Cardiac dysfunction may be a manifestation of some systemic diseases. Unfor-
tunately, some systemic disease may preclude transplantation. Patients with dia-
betes mellitus often have renal dysfunction, peripheral vascular disease and retinal
vascular disease, which may be exacerbated by the steroid therapy needed follow-
ing transplantation. Such patients are typically unsuitable candidates. Systemic
amyloidosis typically has multiorgan involvement and may recur in the trans-
planted heart. Therefore most programs recommend against heart transplanta-
tion for amyloidosis.

PULMONARY VASCULAR RESISTANCE (PVR)

Determination of PVR is extremely important. Patients with left ventricular
failure typically have elevated pulmonary artery pressures derived from hydro-
static pressure transmitted retrograde from elevated left-heart pressures. Once
left-heart pressures are normalized following transplantation, the pulmonary ar-
tery pressures typically normalize. But long-standing left ventricular failure may
also produce pulmonary vascular remodeling and a “fixed” increase in PVR; such
“fixed” PVR is unresponsive to pulmonary vasodilator therapy.

Because cardiac donors almost invariably have normal pulmonary arterial pres-
sure, the right ventricle of the donor heart is not conditioned to pump against a
high resistance: the PVR of the recipient must be low enough to allow the trans-
planted heart to support the recipient’s circulation. Heart transplantation into a
recipient with increased PVR unresponsive to vasodilator therapy predictably leads
to right ventricular failure of the transplanted heart, and death.

A potential heart transplant recipient must have a right-heart catheterization
in order to accurately measure pulmonary arterial pressures, determine the
transpulmonary gradient and calculate the PVR. If the patient is found to have
increased PVR, provocative testing with vasodilator therapy is indicated in the
cardiac catheterization suite. Using an infusion of sodium nitroprusside, an at-
tempt should be made gently to vasodilate the systemic circulation without low-
ering systolic arterial blood pressure below 90 mm Hg. Such reduction in left
ventricular afterload increases forward cardiac output. In turn, left atrial pressure
(and pulmonary capillary wedge pressure) decrease, thereby lowering the hydro-
static component of the patient’s pulmonary arterial pressure. During such pro-
vocative testing, the patient’s hemodynamic variables typically mimic the situation
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Table 11.2. Contraindications to cardiac transplantation

+  Advanced age

+ Irreversible hepatic, renal or pulmonary dysfunction
+  Severe peripheral vascular disease

+  Cerebrovascular disease

+ Insulin-requiring diabetes mellitus with end-organ damage
+  Active infection

+  Malignancy

+ Inadequate psychosocial support systems

+  Limited life expectancy from systemic disease

+  Pulmonary vascular resistance > 6 Wood units

+  Transpulmonary gradient > 15 mm Hg

which will be created by a new heart. Specifically, pulmonary capillary wedge pres-
sure is < 12-14 mm Hg with a systemic systolic arterial pressure > 100 mm Hg.

If under the conditions of such provocative testing the patient’s systolic blood
pressure falls below 90 mm Hg, and/or the PVR remains > 4 Wood units and/or
transpulmonary gradient remains > 15 mm Hg, the patient’s pulmonary circula-
tion affords too much resistance to the donor heart’s right ventricle. Heart trans-
plantation should not be performed, and consideration should be given to
heart-lung transplantation.

CONTRAINDICATIONS

Evaluation of potential heart transplant recipients is very difficult and must be
thorough. Established criteria of eligibility within a given program may vary some-
what with the maturity and local experiences within a given transplant program.
Adherence to such criteria produces predictable results following transplantation.
Conditions considered by most programs to contraindicate heart transplantation
are listed in Table 11.3.

LISTING STATUS CODES

Provided the patient meets the aforementioned criteria and has no
contraindications they are listed for transplantation. In 1999 the urgency status
codes were modified to provide better guidance with allocation. The present sta-
tus codes are listed in Table 11.2.

TRANSPLANT OPERATION

DONOR SELECTION AND PROCUREMENT

In addition to the scarcity of donor organs, cardiac transplantation is further
limited by a short ischemic time (4-6 hours). While this has been lengthened
through numerous experimental studies clinically, extension of the preservation
time has not been well tolerated. As a result the management of the donor before
procurement is critical, and this is especially true as older donors are being used.
With brain death there are often significant changes in the patient’s hemodynam-
ics, metabolism, and temperature control. Myocardium may be damaged from
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Table 11.3. Current medical urgency status codes for heart allocation

1A Adult—Registrant at least 18 years of age, admitted to listing hospital with at least
one of the following: (a) mechanical circulatory support for acute hemodynamic
decompensation with VAD 30 days or less, TAH, balloon pump, or ECMO; (b)
mechanical circulatory support for more than 30 days with objective medical
evidence of significant device-related complications; (c) mechanical ventilation; (d)
continuous infusion of a single high-dose intravenous inotrope or multiple
intravenous inotropes, in addition to continuous hemodynamic monitoring of left
ventricular filling pressures; or (e) meets none of the criteria specified above but
admitted to the listing hospital with a life expectancy without a heart transplant of
less than seven days.
Pediatric—Registrant less than 18 years of age and meets at least one of the
following criteria: (a) requires assistance with a ventilator; (b) requires assistance
with a mechanical assist device; (c) requires assistance with a balloon pump; (d) is
less than 6 months old with congenital or acquired heart disease exhibiting reactive
pulmonary hypertension at greater than 50% of systemic level; (e) requires infusion
of high dose or multiple inotropes; or (f) meets none of the criteria specified above
but has a life expectancy without a heart transplant of less than 14 days.

1B Adult—A registrant who (a) has a left and/or right ventricular assist device
implanted for more than 30 days; or (b) receives continuous infusion of intravenous
inotropes.
Pediatric—A registrant who (a) requires infusion of low dose single inotropes, (b) is
less than 6 months old and does not meet the criteria for Status 1A, or (c) exhibits
growth failure (see OPTN policies for definition).

2 A patient of any age who does not meet the criteria for Status 1A or 1B.

7 Temporarily inactive.

the changes in blood pressure. Electrolyte imbalances may lead to dysrhythmias
and myocardial edema. To stabilize the blood pressure, vasoactive drugs are often
instituted. Ideally there should be no need for significant inotropic support. Typi-
cally the donor can be managed with dopamine or dobutamine. Maintenance of a
mean arterial pressure near 80-mm Hg is necessary. Unfortunately, diabetes insipi-
dus can also lead to instability, electrolyte imbalance and acid base abnormalities.

Ideally donors should be less than 40 years old. Those in the fourth and
fifth decades of life need careful evaluation for coronary artery disease.
Echocardiography must be performed on all potential donors. The echocardiogram
should demonstrate normal cardiac anatomy, normal valve function, and normal
ventricular function.

In patients greater than 50 years of age, cardiac catheterization should be per-
formed to exclude coronary artery disease. If a pulmonary artery catheter has
been placed, the CVP should be in the 10-12 mm Hg range, the pulmonary capil-
lary right pressure less than 15 mm Hg and the cardiac index greater than

2.5 I/min/m2. Allocation is based on ABO blood type and body size. Typically
an organ from a donor that is within ten percent of the recipient’s weight is ac-
ceptable.

Procurement of the donor organ is performed via median sternotomy. The peri-
cardium is opened and the heart is suspended in a pericardial cradle. The heart is
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inspected and palpated. Plaque in the coronary arteries may be identified by this
method and valvular insufficiency or stenosis may be noted by thrills. The peri-
cardial reflection is dissected free of the aorta and the pulmonary artery. The re-
flections at the SVC and IVC are similarly dissected free to allow adequate exposure.
In freeing the superior vena cava the azygos vein may be isolated, ligated and di-
vided. This is particularly helpful if a caval-to-caval anastomosis is planned in the
recipient. A cardioplegia cannula is placed high in the ascending aorta, permitting
room for a cross-clamping below the innominate artery. A 14-gauge angiocath is
acceptable for cardioplegic delivery. The SVC s ligated, the aorta is cross-clamped,
and a liter of cold (4°C) cardioplegic solution is administered. Once this has been
commenced the IVC is clamped and partially transected to allow decompression
of the right heart. The heart is elevated, and the left pulmonary vein is also par-
tially transected to decompress the left heart. Iced slush is then placed in the peri-
cardium for topical hypothermia. Hypothermia is the most important component
of cardiac preservation, since it provides a profound reduction in myocardial oxy-
gen consumption and demand. Once cardioplegic delivery is complete the IVC is
completely transected and each of the pulmonary veins is transected at the peri-
cardial reflection. The SVC is divided and the aorta is transected at or above the
level of the innominate artery. The pulmonary artery is transected at its bifurca-
tion. If concomitant lung procurement is not being done then the pulmonary
artery division should include the bifurcation and portions of the main pulmo-
nary arteries. Once excised the heart is inspected through the great vessels looking
at the aortic and pulmonary valves. Similar inspection of the tricuspid and mitral
valve is achieved via the cavae and pulmonary veins. The heart is then placed in a
plastic bag with cold saline. An additional bag of cold saline is then wrapped around
the first, and both bags are then placed in a bucket of cold saline, which is in turn
placed in a cooler filled with ice.

Technical aspects of the recipient operation in an orthotopic transplantation
are largely unchanged from the original description by Lower and Shumway as
reported in 1960 (Figs. 11.3A and 11.3B). A median sternotomy is performed and
the patient is placed on cardiopulmonary bypass. If the heart appears to be adher-
ent to the underside of the sternum as a result of previous operations, cardiopul-
monary bypass may be instituted by cannulation of the femoral artery and vein.
Otherwise standard aortic cannulation at the level of the innominate artery and
bicaval venous cannulation are used. The heart is excised at the level of the atrial
ventricular groove and excess donor atrium is excised as well. The donor left atrial
cuff is created by making an incision that connects all of the pulmonary veins.
The right atrial cuff is reestablished by making an incision extending from the
IVC up towards the right atrial appendage. If caval-to-caval anastomosis is to be
completed, the IVC and SVC are trimmed and beveled to prevent stenosis of the
anastomoses. Using a 3-0 monofilament suture, the left atrial anastomosis is per-
formed first. Before closure of the septum, the left atrium is filled with saline to
eliminate as much air as possible. The right atrial anastomosis is then completed.
The aortic anastomosis is completed next using a 4-0 monofilament suture. A
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Fig. 11.3A. Explantation of the native heart. A. Initial incision is made in the right atrium
close to the AV groove. B. Right atrial cuff completed down to the septum. C. Aorta and
pulmonary artery transected, roof of the left atrium entered. D. With heart elevated, lat-
eral left atrial cuff developed; pulmonary veins can be seen. E. As viewed from above,
incision completed along AV groove. F. Final appearance—SVC and IVC entering RA cuff;
pulmonary veins entering LA cuff.

vented cardioplegia cannula is placed proximal to the suture line to allow evacua-
tion of air and delivery of cardioplegia if necessary. If the ischemic time has been
prolonged at this point the cross-clamp can be removed and the heart reperfused.
The pulmonary artery anastomosis can then be completed. If the ischemic time
has been short, the pulmonary artery anastomosis can be completed before re-
moval of the cross-clamp. The recipient, having been cooled to 30°C, is rewarmed
and weaned from cardiopulmonary bypass. Temporary atrial and ventricular pa-
tient wires are placed.

Technical pitfalls include redundant atrium, which can lead to stasis and throm-
bus formation. Bleeding from the suture lines, particularly the atrial anastomosis,
has also been reported. Because of the double atrium anastomosis, mitral and
tricuspid insufficiencies can occur. As a result, separate anastomosis of the supe-
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Fig. 11.3B. Orthotopic heart transplantation. A. Four end-to-end anastomoses performed:
RA, LA, aorta, pulmonary artery. B. Appearance of completed transplantation (Welch K]J,
Randolph JG, Ravitch MM et al, eds. Pediatric Surgery. Chicago: Mosby-Year Book, 1986,
Fig. 41-4, p. 385. Reprinted by permission.)

rior and inferior vena cava and individual pulmonary venous implantation have
been proposed.

Heterotopic heart transplantation is being considered useful as 1) a
biologic-assist device; 2) in patients with elevated pulmonary vascular resistance;
3) in cases where the donor heart is too small. The technical aspects include open-
ing of the pericardium on the right side down to the phrenic nerve to allow for the
donor heart to sit in the right chest. An incision is made in the left atrium of the
recipient and is then sewn to the left pulmonary veins of the donor. The donor
right pulmonary veins are ligated. Caval anastomoses are completed by sewing
the superior vena cava of the donor to the recipient, and the inferior vena cava is
ligated. The aorta of the donor is sewn in an end-to-side fashion to the recipient,
and the pulmonary artery is similarly connected in an end-to-side fashion using
prosthetic graft material as needed.
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Table 11.4. Cardiac drugs

Agent Effects: Compared to normal hearts
Isoproterenol Unchanged or increased inotropic and chronotropic effect
Dobutamine Unchanged inotropic and chronotropic effect
Epinephrine Unchanged inotropic and chronotropic effect
Norepinephrine Unchanged inotropic and chronotropic effect;

no reflex brachycardia with increase in blood pressure
Dopamine Diminished inotropic response
Ephedrine Diminished inotropic response
Neosynephrine No reflex brachycardia
Atropine No effect on atrial ventricular conduction
Digoxin No effect acutely; may exert mild effect chronically
Amrinone Unchanged inotropic effect

POSTOPERATIVE MANAGEMENT

As a result of the ischemic insult, the transplanted heart exhibits depressed sys-
tolic function and impaired contractility. To assure adequate cardiac output, preload
must be maintained with right atrial pressures of 10-15 mm Hg and left atrial
pressures of 15-20 mm Hg. Aside from recovering from the preservation ischemia,
the transplanted heart is totally denervated. As a result, there are significantly al-
tered responses to cardiovascular drugs (Table 11.4). As a result of the denerva-
tion, the most commonly used inotropic agent is isoproterenol in doses of 0.25 to
5.0 mcg/min. If further inotropic support is needed dobutamine or epinephrine
may be used. Dopamine is primarily used to enhance renal perfusion. Inotropic
support is usually required for 2-3 days postoperatively.

Denervation also alters the use of antiarrhythmic agents. Digoxin is of little use
since its antiarrhythmic properties are vagally mediated. Quinidine or
procainamide are typically used for supraventricular and ventricular
tachyarrhythmias. Verapamil is also used to manage supraventricular
tachyarrhythmias. Lidocaine is effective for ventricular arrhythmias.

IMMUNOSUPPRESSION
The mainstay of immunosuppression is triple drug therapy, including
cyclosporine, azathioprine and corticosteroids (Table 11.5).

CYCLOSPORINE

Cyclosporine is administered postoperatively in a dose of 2.5-5.0 mg/kg/day
and may be given intravenously or orally. This dose is then used as maintenance
therapy and adjusted based on levels and interaction with other medications. The
side effects of cyclosporine include nephrotoxicity, which is dose-related. Hyper-
tension is a frequent side effect, as are tremor and paresthesias.

AZATHIOPRINE

Azathioprine (Imuran) is administered orally or intravenously in the postop-
erative period in a dose of 2 mg/kg/day. The dose is adjusted to keep the WBC
count greater than 4000. Drug interactions are not as common, although given in
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Table 11.5. Immunosuppression

Preoperative
Azathioprine 4 mg/kg IV
Intraoperative
Methylprednisolone 500 mg
Postoperative
Cyclosporine 2.5-5.0 mg/kg/day
Azathioprine 2 mg/kg/day
Methylprednisolone 125 mg every 8 hours x 3-4 doses
Prednisone 1 mg/kg/day tapering over 1 week to 0.5 mg/kg/day

combination with allopurinol can cause significant bone marrow toxicity. Leuko-
penia and/or thrombocytopenia require dose reduction. Pancreatitis and hepati-
tis can occur.

CORTICOSTEROIDS

Methylprednisolone is administered intraoperatively with reperfusion of the
heart in a dose of 500 mg intravenously. This is repeated postoperatively in 125
mg/8hrs until the patient is able to take oral medications. Prednisone is then ad-
ministered in a dose of 0.3-0.15 mg/kg/day as an initial dose for the first 3-6 months.
Corticosteroids can cause pituitary adrenal suppression, glucose intolerance, hy-
percholesterolemia, peptic ulcer disease, osteoporosis, hypertension and behav-
ioral changes. Prednisone may be tapered over time as determined by
endomyocardial biopsies.

Induction of immunosuppression with antilymphocyte antibodies has also been
used. They include antithymocuite globulin (ATGAM), rabbit antithymocyte
globulin (RATG) and monoclonal antibody OKT3. These have been shown to
prevent acute rejection and have primarily been used for treatment of acute and
chronic rejection. Milder or moderate rejection is typically treated with a steroid
pulse of methylprednisolone in a dose of 1 gm IV x 3 days. More severe rejection,
or recurrent rejection, invokes the use of ATGAM or OKT3 for 7-14 days.

New immunosuppressor drugs include tacrolimus (FK506) and mycophenolite
mofetil. FK506 restricts T-cell proliferation similar to the mechanism of action of
cyclosporine and initially it was hoped that FK506 could replace cyclosporine.
Clinical trials have not indicated a major advantage to FK506. It has been found to
be an effective rescue therapy when regimens including cyclosporine were not
effective at preventing rejection.

Mycophenolite mofetil is a lymphocyte-specific inhibitor of purine synthesis
with impact proliferative effects on T and B lymphocytes. It possesses many of the
properties of azathioprine. Early reports indicate it may be superior to azathio-
prine in cardiac patients but long-term results are pending.

Other drugs such as rapamycin, deoxysperdualin and leflunomide are being
evaluated. Additional treatments such as total lymphoid irradiation and
photopheresis have also been tried with limited success.
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Table 11.6. The International Society for Heart Transplantation biopsy grading system

Grade Findings Rejection Severity
0 No rejection None
1 A = Focal (perivascular or interstitial) infiltrate Mild

without necrosis
B = Diffuse but sparse infiltrate without

Necrosis
2 One focus only with aggressive infiltrate and/or Focal moderate
myocyte damage
3 Myocyte damage Moderate damage

A = Multifocal aggressive infiltrate and/or
myocyte damage
B = Diffuse inflammatory process with necrosis
4 Diffuse aggressive polymorpholeukocyte
infiltrate with edema, hemorrhage, vasculitis
and necrosis

REJECTION

Clinically the most frequent symptom associated with rejection is fatigue. Ex-
amination may reveal a relative hypotension, increased jugular venous distension,
and the presence of an S3. These findings should prompt an emergent biopsy.
Similarly atrial ventricular arrhythmias may be the early warning signs of rejec-
tion and biopsy is warranted.

Treatment of rejection depends on the severity as assessed by histologic grad-
ing and allograft function. Mild rejection may require increased immunosuppres-
sion if accompanied by significant cardiac dysfunction. The diagnosis of rejection
is made by endomyocardial biopsy. Traditionally it is performed via percutaneous
internal jugular or femoral vein puncture with fluoroscopic guidance. An interna-
tionally accepted grading scale for reporting cardiac allograft rejection has been
adopted (Table 11.6).

Recommended frequency for performing surveillance right ventricular biopsy
varies, but it is typically performed weekly for the first month, then every other
week for another month, then monthly until six months postoperatively and then
every three months until the end of the first postoperative year. At that time addi-
tional biopsies as surveillance have not shown to be of clinical significance. Aside
from these routine biopsies additional biopsies are performed after treatment of
rejection.

REJECTION TREATMENT

There are a number of protocols for the treatment of rejection. After the initial
biopsy demonstrates rejection, echocardiography is performed to evaluate func-
tion. Cyclosporine and azathioprine dosages are optimized and the patient re-
ceives a steroid pulse. Resolution may be seen by follow-up echocardiography and
confirmed by rebiopsy. For more severe rejection ATGAM and/or OKT3 may be
used with rebiopsy in 3-5 days and the steroid pulse may be continued. For severe
rejection antilymphocyte treatment is extended and hemodynamic support, both
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pharmacologically and mechanically, is implemented as needed. Relisting and
consideration for retransplantation are the recommended plans for progressive
rejection despite escalating immunosuppression.

ANTIBIOTIC PROPHYLAXIS

As a result of immunosuppression, infection can be a major problem postop-
eratively. Prophylaxis against cytomegalovirus, with gancyclovir or acyclovir, should
be administered if the recipient or the donor is positive. Toxoplasmosis,
Pneumocystis carinii, Candida albicans and Herpes Simplex are seen as opportu-
nistic infections.

OUTCOMES

PHYSIOLOGY OF THE TRANSPLANTED HEART

Compared to the normal heart, differences in the physiology of the transplanted
heart derive largely from the fact that the transplanted heart is denervated. Data
suggesting that some degree of reinnervation occurs include case reports of an-
gina and the presence of cardiotonic reflexes among some transplant recipients.
But functionally the heart remains denervated. Loss of vagal tone results in a some-
what higher resting heart rate. Carotid baroceptor reflexes are typically absent.
Increases in heart rate and contractility must rely upon circulating catecholamines.
Therefore heart rate increases slowly with the onset of exercise and remains el-
evated longer after cessation of exercise, which parallels the changes in circulating
catecholamine levels. In addition to an increase in $-adrenergic receptor density,
the myocardial 3-andrenergic receptors of the denervated heart are more sensi-
tive to catecholamines to provide normal cardiac output over a broad range of
total body oxygen requirements (Fig. 11.4).

SURVIVAL FOLLOWING TRANSPLANTATION

The operative mortality rate associated with cardiac transplantation in most
centers is typically between 3% and 5%. The principal cause of death within the
first 30 days is primary allograft failure (25%). Primary allograft failure typically
results from inadequate myocardial preservation of the donor heart or prolonged
ischemic time. Other leading causes of early mortality include infection (15-20%),
acute right ventricular failure usually resultant to increased PVR in the recipient
(15%) and rejection (15%).

Risk factors for death within the first year are shown in Table 11.7. As with
other surgical procedures, patient-specific risk factors reflecting greater illness of
the patient or increased patient age increase the operative risk of the transplant
procedure. Transplant centers performing fewer than nine transplants per year
have lower survival rates. Donor-specific risk factors include female gender of the
donor and increased donor age. Ischemic time of the donor heart is a well recog-
nized risk factor and adds approximately 10% risk of death for each one hour
ischemia.

Data from the ISHLT Registry indicate that the one-year survival following the
cardiac transplantation is 82% worldwide. Individual programs, however, have
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Fig. 11.4. Relationship between cardiac output and oxygen consumption in the trans-
planted heart. From: Perloth MG, Reitz BA. Heart and heart-lung transplantation. In:
Braunwald E, ed. Heart Disease, 5" Ed.n, Philadelphia: WB Saunders Company, 1997: 527.

achieved one-year survival rates of 90% or higher. Beyond the first year, the an-
nual mortality is approximately 4%. Thus, the ISHLT data indicate three-year sur-
vival is 77% and the five-year survival is about 67% (Fig. 11.5). The average survival
is nine years.

QUALITY OF LIFE

The vast majority of transplant recipients achieve long-term survival and ex-
cellent functional recovery. In most transplant centers, at least 90% of survivors
achieve complete rehabilitation and are classified as New York Heart Association

Class I. Nonetheless, little more than 40% return to work full-time. The reasons
more recipients don’t return to work full-time include insurance issues and chronic
medical conditions. Those factors, more than inability to work, reflect the diffi-
culties patients have with employment.

CARDIAC ALLOGRAFT VASCULOPATHY

Cardiac allograft vasculopathy (CAV) is the achilles heel of cardiac transplan-
tation. In fact, the first long-term survivor of heart transplantation died one and
one-half years posttransplant with severe CAV in 1969. Today CAV is the leading
cause of death among patients > one year posttransplant. Unlike atherosclerotic
coronary artery disease, which usually creates localized areas of eccentric stenosis
in the epicardial coronary arteries, CAV is manifested by an accelerated form of
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Fig. 11.5. Long-term survival following heart transplantation. From: ISHLT website—
www.ishlt.org, 2/03.

Table 11.7. Risk factors for one year mortality after heart transplantation

Negative Recipient Factors

Variable Odds Ratio
Ventilator 2.66
Retransplant 2.33
Ventricular Assist Device 1.49
Center volume < 9/yr 1.3
Female donor 1.22
Ischemic time (each time) 1.1
Recipient age > 60 1.19
Recipient age > 70 1.5
Donor age 40 1.18
Donor age 50 1.48
Donor age 60 1.99

From: Hosenpud JD, et al: The registry of the International Society for Heart and Lung
Transplantation: fifteenth official report. ] Heart Lung Transplant 1998;17:656-668.

concentric coronary artery disease that diffusely affects the larger epicardial and
smaller intramyocardial coronaries. Cardiac veins are affected as well. Histologi-
cally CAV seems to begin as concentric intimal thickening and progresses with
time to complex atherosclerotic plaque.

The incidence of CAV is very high. By one year posttransplant, 11% of patients
are diagnosed with CAV by coronary angiographys; it is found in 50% by five years.
Most cardiac transplant recipients cannot experience angina because allograft rein-
nervation is incomplete. Thus, the clinical presentation of CAV is not angina, but
is instead usually heart failure or sudden death. Occasionally CAV will present as
ventricular dysrhythmias.
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POST CARDIAC TRANSPLANTATION

FOURTEEN MONTHS

Fig. 11.6. Coronary allograft vasculopathy. Histological section (A) and angiogram (B).
Despite being the best diagnostic imagining modality, angiography is relative insensitive.
From: Johnson DE. Transplant coronary artery disease: histopathologic correlations with
angiographic morphology. ] Am Coll Cardio. 1991; 17:449. Reprinted with permission
from the American College of Cardiology.

The pathogenesis of CAV remains unclear. Following coronary vascular injury
associated with ischemia/reperfusion at the time of transplantation, further coro-
nary vascular endothelial and smooth muscle cell injuries are promoted by the
local inflammatory response to rejection. Even subclinical allograft rejection may
contribute to the development of CAV. Common risk factors for the development
of atherosclerosis such as hyperglycemia, hypertension and hyperlipidemia are
commonly noted following heart transplantation and may contribute to CAV.
Furthermore, some investigators suggest an infectious etiology since human CMV
infection has been associated with CAV.

All heart transplant recipients must be followed indefinitely for evidence of
CAV. Unfortunately, noninvasive tests for myocardial ischemia such as radionu-
clide scintigraphy and exercise electrocardiography are neither sensitive nor spe-
cific for detection of CAV. Therefore most programs rely upon annual coronary
angiography for follow-up. Because CAV is a diffuse rather than a localized pro-
cess, it may be difficult to detect with certainty using angiography. Unfortunately,
coronary angiography is quite specific but a relatively insensitive test (Fig. 11.6).
Intravascular coronary ultrasound (IVUS) is becoming more widespread as a
screening modality for the detection of CAV. Whether it will supplant coronary
angiography as the study of choice is unknown.

Because of the diffuse nature of the disease, coronary artery bypass grafting
and catheter-based revascularization procedures have limited effectiveness in the
treatment of CAV. Following coronary balloon angioplasty, the restenosis rate is
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extremely high: 55% at 8 months. Isolated case reports describing successful coro-
nary artery bypass surgery as treatment for CAV have been published, but such
successes are rare. Because of its diffuse nature, transmyocardial laser
revascularization (TMR) may be an alternative to either bypass surgery or
angioplasty. In a limited number of patients, the results of TMR have been en-
couraging.

The ultimate treatment for CAV is retransplantation. The indications for
retransplantation include 1) the development of severe CAV, 2) the treatment of
severe acute early injection, and 3) treatment of early acute right heart failure. The
morbidity and mortality rates figures of retransplantation operations are greater
than are typically seen with primary transplantation. A retransplant patient should
meet the same indications as patients who undergo an initial transplant. Several
reports have demonstrated that long-term survival after retransplantation is less
than for primary transplantation. There is, however, a significant range in the
survival results reported. Data from some institutions indicate that survival rates
after retransplantation are comparable to those seen after primary transplanta-
tion. As a result, it is often difficult to determine an appropriate algorithm for
retransplantation. This is a particularly controversial issue due to the scarcity of
available organs. Fortunately, the results for patients undergoing retransplantation
for CAV are better than those for patients retransplanted for early rejection or
early right heart failure. Unfortunately, by definition the patients with CAV are
older and have been chronically immunosuppressed and therefore may be less
tolerant of a reoperation.
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Lung Transplantation
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INTRODUCTION

The initial attempts at human lung transplantation began forty years ago and
were met with no long-term success. However, in the last twenty years lung trans-
plantation has enjoyed increasing success and has become the mainstay of therapy
for most forms of end-stage lung disease. Improved donor and recipient selec-
tion, technical advances, superior immunosuppressive strategies, and newer anti-
biotic regimens have improved results significantly. The operative mortality rate
is now in the range of 9%. One, 2 and 5-year survival rates are 80%, 70% and 50%
respectively. The Registry of the International Society for Heart and Lung Trans-
plantation reported in 2002 that almost 15,000 lung transplants have been per-
formed worldwide and that more than 1,500 lung transplants are performed
annually.!

This chapter provides an overview of the pre-operative evaluation as well as the
intra-and post-operative management of the lung transplant recipient.

INDICATIONS
The primary indication for lung transplantation is irreversible end-stage pul-
monary disease expected to result in death within 1to 2 years and for which there
are no other treatment options. Clinical conditions for which lung transplanta-
tion is indicated include the following:
1. Obstructive lung disease/Emphysema
Chronic obstructive pulmonary disease (COPD)
Alpha-1-antitrypsin deficiency

2. Restrictive lung disease
Idiopathic pulmonary fibrosis (IPF)

3. Pulmonary vascular disease
Primary pulmonary hypertension (PPH)
Eisenmenger’s syndrome (ES)

4. Septic lung disease
Cystic fibrosis (CF)

Other “miscellaneous” causes of end-stage lung disease that have been treated
with lung transplantation include cystic lung diseases such as sarcoidosis,
lymphangioleiomyomatosis, and histiocytosis-X; chemotherapy or radiation
therapy induced pulmonary fibrosis, idiopathic bronchiectasis, and obliterative
bronchiolitis (OB) as a manifestation of chronic rejection following lung trans-
plantation. The leading indications for lung transplantation between 1995 and
2001 were COPD (39.4%), IPF (16.9%), CF (16.1%), alpha-1-antitrypsin defi-
ciency emphysema (9.3%) and PPH (4.6%).!

Organ Transplantation, 2nd edition, edited by Frank P. Stuart, Michael M. Abecassis
and Dixon B. Kaufman. ©2003 Landes Bioscience.
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Table 12.1. Recipient selection: general guidelines

Clinically and physiologically severe lung disease

Limited life expectancy (12 to 24 months)

Other medical or surgical treatment modalities are ineffective, unavailable, inappro-
priate and prognosis is poor without lung transplant
Ambulatory with rehabilitation potential

Satisfactory nutritional status

Appropriate mental state

- Satisfactory psychosocial profile and good support system
- Comprehend and accept procedure, risks, complications
Well motivated and compliant with treatment

Adequate financial resources for medications and follow-up
Absence of contraindications

RECIPIENT SELECTION

A summary of the general selection criteria is shown in Table 12.1. These have
been described in detail by Maurer and associates.? Only those patients believed
to have a limited life expectancy (1 to 2 years) as a result of their underlying pul-
monary disease are listed. Absolute and relative contraindications to lung trans-
plantation are listed in Table 12.2. Once a referral is made to the lung transplant
center, an initial screening evaluation of medical records, chest-x-rays, and CT
scans is done. If this information is deemed satisfactory, then a formal evaluation
of the patient takes place at the lung transplant center by a multidisciplinary team.
The scheme for this formal on-site evaluation is outlined in Table 12.3. The data
gleaned from the formal evaluation allows the lung transplant team to determine
whether the patient is a suitable candidate for lung transplantation. Once patients
are listed for transplantation (except those with PPH or ES), they are enrolled in a
progressive, monitored cardiopulmonary rehabilitation program. Virtually all
patients experience a significant improvement in strength, exercise tolerance and
well being without any measurable change in pulmonary function. The average
wait for a lung transplant in the United States was 19 months as of 2002.

SPECIFIC PRE-OPERATIVE ISSUES

Ventilator Dependency

Progression to ventilator dependency and even death during the waiting pe-
riod is not uncommon because of the shortage of donor lungs. Patients who are
ventilator dependent at the time of referral are not considered for transplanta-
tion. However, patients that develop ventilator dependency while on the waiting
list and who remain stable are still considered candidates for transplantation.

Corticosteroid Therapy

Patients who are receiving high-dose corticosteroid therapy (prednisone >40
mg/day) are not considered eligible for transplantation due to the well-documented
negative effect on bronchial healing. Low to moderate doses of corticosteroids
(prednisone £ 0.2 mg/kg/day) does not contraindicate transplantation.
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Table 12.2. Contraindications to lung transplantation

Absolute Relative

Acutely ill/unstable Systemic diseases with failure of nonpulmonary
vital organs

Uncontrolled tuberculosis Cardiac disease (coronary artery disease,
ventricular dysfunction

Uncontrolled sepsis Ongoing high-dose corticosteroids

Uncontrolled neoplasm Age >65 years

Current smoker Unsatisfactory nutritional status

Psychosocial problems Osteoporosis

Inadequate resources Medical noncompliance

HIV infection Mechanical ventilation

Irreversible CNS injury

Table 12.3. Scheme for evaluation of potential lung transplant recipients

Medical history and physical examination

Chest radiograph, electrocardiogram, and routine blood chemistries
ABO blood typing, HLA typing and panel of reactive antibodies
Serologic tests for hepatitis A, B, and C; HIV, cytomegalovirus
Pulmonary studies

- Standard pulmonary function testing, arterial blood gases

- Quantitative ventilation/perfusion scanning

- Cardiopulmonary exercise testing

- CT of the chest

Cardiovascular Studies

- Radionuclear ventriculography

- Doppler echocardiography (with saline contrast)

- Right heart catheterization with angiography

- Transesophageal echocardiography

Rehabilitation Assessment

- Six-minute walk test

- Determination of supplemental oxygen requirements
Psychosocial Evaluation

Nutritional Assessment

Previous Thoracic Surgery

Previous thoracic surgery or pleurodesis is not a specific contraindication to
lung transplantation. Some patients with emphysema are candidates for lung vol-
ume reduction before transplantation. Adhesions and anatomic distortion from
previous thoracic surgical procedures complicate the conduct of the explantation
and transplantation procedures and must be taken into consideration in planning
the operative procedure.

Malignancy

History of malignant disease within the previous 5 years is usually a contrain-
dication to transplantation. A patient judged to be cured of a more recent malig-
nancy might be considered. An exception to this is the rare patient with
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bronchoalveolar carcinoma without metastatic disease. These patients have been
successfully transplanted in some programs.?

Smoking
Patients who continue to smoke are not candidates for transplantation.

DONOR SELECTION

The principle crit