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Preface

The purpose of the 5Sth edition of the Nurses” Quick Reference to
Common Laboratory & Diagnostic Tests is to provide students, para-
medical personnel, clinicians, and nurses with a unique resource that
incorporates the nurse’s expanded role in providing safe, effective,
informed diagnostic care and services. This text provides a founda-
tion for understanding the relatively simple to the most complex and
sophisticated diagnostic tests delivered to varied populations in both
traditional settings and community environments. It describes the
nursing role in depth by directing the application of the nursing
process model to all phases of testing—pre-, intra-, and posttest peri-
ods. The diagnostic care model focuses on nursing judgments and
interventions that are key to achieving desired outcomes and pre-
venting misunderstanding and errors. The description of the nurse’s
unique role includes basic information for identifying patient needs,
intervening, correctly educating patients, and providing timely out-
come evaluation.

Throughout the book, emphasis is placed upon communication
skills and collaboration between patients and their significant others
and among nurses and health care professionals from diverse disci-
plines. When caregivers see patients in the context of what patients
and loved ones are experiencing (ie, situational needs, expectations,
previous experiences, and the environment in which they live), only
then can they offer meaningful support and care. When patients
believe that the caregiver is on their side, they have an increased
sense of control. Identifying with patients’ point of view leads to a
more profound level of communication.

Organization and Unique Features

The book is organized into three chapters and one appendix. Each
chapter begins with a functional nursing practice standard. Clinicians
adapt their safe practice to changes in society, scientific advances,
legal interpretation, and enactment. So, too, do nursing standards
emanate from the nursing profession itself and are challenged by
these trends.

This book uses terminology that supports the scientific nature of
the diagnostic process and collaborative team approach. Nursing
diagnoses, interventions, outcome formations, and evaluation are the
basis of nursing practice. The suggested nursing diagnoses incorpo-
rate approved language of the North American Nursing Diagnosis
Association (NANDA), and the interventions are standardized by the

xiii
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Nursing Intervention Classification (NIC) and nursing outcome by
the Nursing Outcome Classification (NOC) taxonomy. Criteria for
selecting tests for this book focus on new methods and techniques,
those procedures most frequently ordered or mandated, the proce-
dures and tests frequently ordered, performed, or assisted with, as
well as the procurement of specimens, their handling, storage, and
transport.

Chapter 1 focuses on the nurse’s unique role in diagnostic testing
and reflects new and innovative methods of meeting patient needs.
The first part of the chapter gives an overview of nursing responsibil-
ities, the knowledge and skills needed, and the challenges of nurse-
directed testing in various settings and many different environments.
The second part of the chapter defines the nursing process care model
and demonstrates test examples and how the model may be applied to
patient care. The pre-, intra-, and posttest activities and collaborative
approaches for the collecting, handling, and transporting of speci-
mens, carrying out and assisting with procedures, administering pro-
cedural sedation, managing the environment, and patient monitoring
are also described in the second part of Chapter 1.

Chapter 2 focuses on nursing responsibilities and protocol for
collecting specimens, handling, storage, and transporting of speci-
mens within specified timelines, observing standard precautions, and
educating patients and family members to elicit cooperation and
understanding.

Chapter 3 alphabetically lists laboratory tests for specific ana-
lytes, hormones, tumor markers, or substances, imaging, invasive,
and noninvasive procedures, and special diagnostic studies per-
formed before birth, during a lifetime, and after death.

Part 1 of each test in Chapter 3 lists title, type of procedure, pur-
pose and rationale, indications, normal reference values, clinical
implications of abnormal results, procedure steps, specimen needed,
and patient involvement. The method of specimen collection and
disposal, common or alternative names and abbreviations, and inter-
fering factors that can give false-positive and false-negative results
are also discussed.

Part 2 of each test in Chapter 3 defines the nurse’s role and lists
clinical problems, interventions, and judgments based upon assessment
and selective stating of nursing diagnoses (identified in Chapter 1) for
all phases of testing: pre-, intra-, and posttest. Clinical alerts, panic or
critical lab values, or abnormal procedural findings that demand
immediate treatment and follow-up test validation, as well as possi-
ble risks involved in testing, adverse outcomes, and contraindications
to testing, are part of the vital information.
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New to This Edition

Although all tests have been reviewed and revised as applicable,
there have been extensive revisions of coagulation studies, diabetes
testing, hormone assays, and newborn screening panels, along
with updated references. Elements and concepts new to this edition
include the following scientific methodologies and technological
advances that provide nurses and clinicians with a greater under-
standing of the long chain of events from diagnosis through treat-
ment and outcome.

Chapter 1

* Changes in terminology as appropriate (eg, “toxicant” previously
referred to as toxin, as used in reference to nerve gas exposure, or
“chemical” vs poisoning, as used in the context of terrorism).

* New and unique instrumentation or equipment and analysis
methodologies.

* Reference to the U.S. Task Force series of universal diagnostic
guidelines.

» Expanded nursing roles.

* More on nurse-directed testing and better training of the diagnos-
tic team (eg, different levels of training to meet the laboratory des-
ignation site).

* Follow-up and postcare; importance of notification of results and
documentation; follow-up testing.

* More on misinterpretation of tests and importance of “flagging”
low or high levels.

* Challenges of privacy, confidentiality, and security.

* Legal and ethical issues and chain of custody as applicable.

* How to contact various governmental regulatory agencies (eg, the
Centers for Disease Control and Prevention), as required by perti-
nent laws, statutes, or regulations

Chapter 2

* Procedures for collection of sexual assault specimens.

* More on breath, hair, nails, and saliva testing.

» Skin and transdermal testing of sweat, drugs of abuse, and thera-
peutic drug management.

* Specimens for diagnosing possible exposure to chemical or
biological terrorism toxicants or agents.

Chapter 3
New tests included in this edition are as follows:

* Aldosterone
* Androstenedione
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* Antidiuretic Hormone (ADH)
 High-Sensitivity C-Reactive Protein (hs-CRP)
* D-Dimer

* D-Xylose Absorption

* 25-Hydroxyvitamin D

* Renin Assay

« Salivary Gland Imaging

» West Nile Virus

Appendix

Appendix: Standard Precautions

Responding to the trends and changes in health care, the 5th edition
of Nurses’ Quick Reference to Common Laboratory & Diagnostic
Tests is a comprehensive, up-to-date diagnostic reference source that
includes information about the nurse’s expanded role in diagnostic
testing and the many instances of nurse-directed testing with varied
populations in varied settings. It incorporates newer technologies,
together with the time-honored classic tests that continue to be an
important component of diagnostic work. It meets the needs of stu-
dents and clinicians, educators, researchers, and others whose work
and study require this type of resource or reference manual.

Marshall B. Dunning III and Frances T. Fischbach
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The Nursing Role in
Diagnostic Testing

@ Nursing Practice Standards

The nurse applies the diagnostic care model to all phases of testing to
include the requisite knowledge and skills to provide safe, informed
care; acts as a patient advocate; follows professional practice stan-
dards; communicates effectively; coordinates and manages the test-
ing environment; supports patients through the process; and uses a
collaborative approach to facilitate optimal patient outcomes.

@ Overview of Nursing Responsibilities

As an integrated part of their practice, professional nurses have long
supported patients and their families in meeting the demands and
challenges of diagnostic testing. This testing begins before birth and
frequently continues even after death. Testing before birth may
include amniocentesis, fetal ultrasound, and genetic testing. Testing
after death may include autopsy, organ transplant, death reporting,
and evidentiary or forensic testing. Nursing responsibilities and
interventions extend to all three phases of this testing process: the
pretest, intratest, and posttest periods. Each phase requires that its
own set of guidelines be followed. Nurses need a sound knowledge
and practice base to provide safe, effective care and to bring their
unique caring qualities to the diagnostic testing event. The nursing
process is a necessary, integral, and ongoing care planning and pro-
viding component because the nursing process is the nursing frame
of reference and foundation for all nursing practice. The sequence of
assessment, nursing diagnosis, planning, intervention, and imple-
mentation of the plan, together with evaluation, are all necessary
sequential steps. Application of the nursing process to diagnostic
testing facilitates and establishes a framework and comprehensive
plan to provide safe, competent care.



2 OvVERVIEW OF NURSING RESPONSIBILITIES

Assessment focuses on procuring a detailed database about the
patient to facilitate testing and to correlate test findings with physical
findings and other patient status indicators to ensure accurate out-
comes. In the assessment phase, the nurse understands the reason and
need for the diagnostic test(s) being performed. Diagnosis is a clini-
cal judgment that identifies the patient response to an actual or poten-
tial health problem during diagnostic evaluation. Its uniqueness lies
in the fact that it is nurse-identified and nurse-treated. The diagnostic
planning phase has several crucial factors to consider, as the effect of
one test may have several implications on/for another. Planning
flows from the nursing diagnosis. This stage focuses on safety and
the physiologic, psychosocial, emotional, and spiritual needs of the
patient and family; the nurse develops strategies to meet these needs
during diagnostic evaluation.

Collaboration with other clinicians in the care planning is vital.
The nurse should include modalities to help patients cope with the
actual diagnostic procedure and test outcomes, as well as accommo-
date patients with special needs, such as hearing or sight impairment,
ostomy care, or diabetic care. The comatose, the confused, the child,
and the frail, elderly patient also require special consideration.

Nurses and other health care clinicians treat collaborative patient
problems simultaneously. During diagnostic tests, the nurse identi-
fies both nursing diagnoses and collaborative problems that require
appropriate and independent nursing interventions.

The setting in which testing takes place, age and developmental
stage, disabilities, information needs, coping style, and cultural
diversity must be considered. Because test preparation and actual
testing are often done at home or in a non—acute care setting, care
planning is vital for achieving the most desirable outcomes. As soci-
ety becomes more culturally blended, the need to appreciate, under-
stand, and engage within the realm of cultural diversity is imperative.
Interacting with patients and directing them through diagnostic test-
ing can present certain challenges if one is not somewhat familiar
with and sensitive to the patient’s health care belief system. Some-
thing as basic as clear communication in the face of language differ-
ences may make it necessary to arrange for a relative or translator to
be present at different stages of the testing process. It is important to
note that biocultural factors can affect derived diagnostic values.
Sensitivity to all of these foregoing issues will frequently influence
the patient’s response to and adherence with the actual procedure.

Implementation addresses the actual work and process of execut-
ing the plans for the pretest, intratest, and posttest phases. It includes
specific, measurable nursing interventions and patient activities.



CHALLENGES OF THE TESTING ENVIRONMENT 3

Implementation of specific, independent nursing actions is based on the
diagnostic test(s) findings. Emphasis is placed upon proper specimen
collection and handling, performance of procedures, administration of
drugs and solutions following established guidelines, education, coun-
seling, proper patient preparation, provision of comfort and support,
assurance of safety, infection control, and prevention of complications.

Evaluation provides data about interpretation and an understanding
of x-rays (or x-ray films) and other test results, whether tests were com-
pleted (partially or not at all), effectiveness of care, and patient compli-
ance and reaction to testing. Follow-up testing and treatment modalities
are frequently decided in this stage. Comparing actual and expected out-
comes, along with initiation of posttest activities, comprises the major
evaluation components of the diagnostic phase. Outcomes are neutral
concepts or measures that describe patient responses that are influenced
by nursing interventions. Goal statements may be general or specific but
should be measurable. Reporting and recording the findings, implement-
ing plans, and evaluating outcomes complete the process.

The practice of nursing is based on following certain standards and
policies. These standards also influence and govern nursing responsibil-
ities and practice during diagnostic evaluation. Evidence-based practice
(EBP) refers to those activities that promote the best outcomes. The
American Nurses Association (ANA) code, ANA Congress of Nursing
Practice, The Joint Commission, Occupational Safety and Health
Administration (OSHA) standards, and Centers for Disease Control
and Prevention (CDC) precautions, together with agency, institutional,
and specialty organization policies and procedures, are categories of
standards that nurses are held to (TABLE 1.1). Regulation and accredita-
tion agencies require nursing practice to be evidence-based.

@ (Challenges of the Testing Environment

Diagnostic testing, whether simple or sophisticated, occurs in many dif-
ferent environments. Certain tests can be done in the field, so to speak,
where the service is brought to the patient’s environment (eg, home,
shopping mall, pharmacy, church, mobile unit). Other more sophisti-
cated tests need to be done in a physician’s office, clinic, or hospital. If
equipment is extremely complex, such as magnetic resonance imaging
(MRI), or in ultrasound studies, procedures are commonly performed in
freestanding diagnostic centers. The most complex tests, such as endo-
scopic retrograde cholangiopancreatography (ERCP), cardiac catheter-
ization, or bronchoscopy, usually require hospital services.

(text continues on page 7)
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With changing methods of health care delivery in today’s society,
the nurse’s unique role in diagnostic evaluation must, of necessity,
reflect new and innovative methods of meeting needs, providing
quality care, and containing costs. Responsibilities for diagnostic
care in various settings and the home, workplace, health care facility,
and community at large are summarized in TABLES 1.2 and 1.3.

@ Home Care Environment

The trend toward shorter hospitalizations for acute illnesses has cre-
ated a need for continued care in the home setting. The nurse uses
astute clinical decision-making skills and recognizes when to initiate
physician contact to confirm the need for specific laboratory and
diagnostic tests to avoid illness complications, as well as unneces-
sary exposure, transfer, and hospital admission costs. Specimen col-
lection and testing vary according to home health care agency poli-
cies, home location, nursing skills, physician’s preference, nature of
the illness, and the degree to which immediate intervention is neces-
sary. Often, especially in some community and rural areas, the nurse
must be skilled in drawing venous blood, in collecting specimens
from invasive lines (or catheters), in obtaining cultures, and in prop-
erly labeling, documenting, handling, and transporting of specimens.
Sometimes, teaching the patient and significant others how to cor-
rectly collect and preserve specimens may be an important part of the
entire process. The home care nurse must also be knowledgeable of
the patient’s cultural and alternative therapeutic practices to facilitate
appropriate diagnostic testing procedures and evaluations. In urban
or suburban areas, the health care agency frequently contracts with
other providers for specimen collection, analysis, and issuing of
reported findings. As the care coordinator, the nurse must obtain test
results in a timely manner and communicate these findings to the
proper clinicians as soon as possible. Test results frequently validate
new diagnoses, confirm the need to change medication or dosage, or
alert the need for an appointment with the clinician to further evalu-
ate the situation.

The home health care nurse may need to perform selective proce-
dures, procure specimens, or monitor health problems as shown in
the following examples:

Diabetes control: Blood glucose testing by fingerstick or venous
draw, fasting blood glucose testing using glucometers, or urine
glucose testing by test strips.
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TaBLE 1.2 EXAMPLES OF NURSING ROLES

SETTING

NURSING ROLE

Hospitals/medical centers

Provide emergency room and specialty patient
care, collect specimens, take x-rays, conduct
nuclear scanning, perform ultrasounds, and
conduct pretransfusion, pretransplant complex,
and invasive testing

Freestanding clinic

Collect specimens for sexually transmitted
diseases

Physician office

Conduct H. pylori blood tests for infection;
obtain electrocardiograms (ECGs)

Occupational environment

Conduct pre-employment screening for TB,
perform case finding for alcohol or drug
abuse, perform health and wellness
screenings, monitor exposure to hazardous
materials (lead, chromium), and perform pul-
monary function and blood testing

Insurance examiner

Administer tests in client’s home or office,
such as a resting ECG, spirometry, urine,
blood draw for cholesterol

Forensic (ED and surgery)

Save evidence of crimes and deal with ethical
and legal issues

Hospital-based clinic

Administer procedural sedation and analgesia
in asthma, cystic fibrosis, pulmonary hyper-
tension, cardiac, and transplant clinics

Long-term care environ-
ment

Test urine for diagnosis and treatment of
lower urinary tract infections, test blood for
glucose levels, collect sputum cultures for
various respiratory infections, and perform
TB skin testing

Homeless shelter

Conduct HIV testing and vaginal and rectal
exams for sexually transmitted diseases; col-
lect sputum cultures to screen for TB; collect
and test blood and urine specimens for blood
glucose levels

Community and public
health

Educate patient, test for HIV and AIDS
(blood and saliva), conduct TB (skin and
blood) testing, perform stool tests for occult
blood as an indication of cancer or food-borne
pathogens
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NURSING ROLE

Home setting

Obtain blood samples to monitor coagulation
and diabetes

Health fair

Perform health and wellness screening for dia-
betes, blood glucose, abnormal cholesterol, risk
factors for atherosclerotic heart disease (AHD)

Advanced practice nurse
(APN)

Manage the patient testing process, including
ordering, performing, and interpreting blood
tests, electrocardiograms, x-rays, and computed
tomography (CT) scans; perform examinations
for rape or sexual abuse, lumbar punctures,
and ultrasounds; collect specimens for rape
and sexual abuse

Sexual assault nurse
examiner (SANE)

Interview, examine, and collect specimens
from sexual assault victims; use special Kits to
obtain vaginal and rectal specimens; take hair
samples and photographs of bruises and bite
marks

Point-of-care testing
(POC)

Order complete blood count (CBC) and dif-
ferential count for the diagnosis of anemia
and infection; conduct PAP smears; perform
ECGs; test blood glucose levels; conduct
spirometry testing

Blood/plasma center

Ensure donor suitability; collect blood or
plasma; maintain product integrity

Cardiac disorders: Blood draw for prothrombin time, for international
normalized ratio (INR), and to monitor anticoagulation therapy;
cardiac enzymes for symptomatic changes (eg, chest pain); serum
lipids (considered risk factors for cardiac disease); peptides to
distinguish between cardiac and respiratory causes of dyspnea;
serum electrolytes to evaluate diuretic and potassium therapy;
digitalis blood levels to detect toxicity.

Hydration/dehydration, nutritional problems: Blood draw for serum
electrolytes and other blood chemistry or metabolic panels, par-
ticularly albumin for nutritional loss and potassium and sodium
for dehydration. Blood draw for monitoring chemotherapy with
special attention to red blood cell (RBC), white blood cell
(WBC), and differential count.

Infection control: Monitor patients with infectious diseases and
resistant organisms with complete blood count (CBC), WBC, and
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TaBLE 1.3 EXAMPLES OF NURSE-DIRECTED TESTING

TEST

NURSING RESPONSIBILITY

Blood draws for test-
ing (arterial, venous,
or capillary)

Monitor blood glucose levels, cardiac enzymes,
electrolytes, drug presence (licit or illicit), cell
counts (red and white blood cells), alcohol intake,
oxygenation levels, acid-base status, presence of
bacterial pathogens, hormone levels, tumor mark-
ers, antibodies, etc.

Guaiac stool testing

Check for fecal blood, color, consistency, and
presence of pathogenic organisms

Tuberculin skin
testing

Interpret results; obtain blood and/or sputum for
TB testing

HIV/AIDS testing

Obtain blood or saliva and obtain informed consent

Rectal exams

Obtain stool for occult blood, positive guaiac
smears as possible sign of rectal or colon cancer

Finger- or heelsticks

Screen newborns and infants for genetic disorders

Pap smears

Perform vaginal swab for diagnosis of precancers
and cancers of genital tract; check for the presence
of microorganisms

Throat swabs

Swab throat for the diagnosis of Streptococcus
infections

Urine dipsticks

Determine blood glucose level, alcohol levels, and
the presence of bladder infection

Lung function testing

Use spirometer for peak airflow assessment in
asthma

Breath alcohol
testing

Use specialized devices to detect above-normal
levels of alcohol

Audiometric exami-
nation

Follow guidelines for hearing deficits

Vision testing

Conduct simple to complex vision tests; follow
guidelines for retinal and macular degeneration
disorders

Pulse oximetry

Apply special device to monitor arterial oxygena-
tion levels (during rest, walking, exercise)

ECG Apply leads to identify normal cardiac rhythms,
arrhythmias, and myocardial ischemia; evaluate
pacemaker function

v Draw blood and collect specimens from invasive

lines for evaluation
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differential count and urine and wound cultures to identify
causative agent and to monitor antibiotic effectiveness and immune
function.

Neonates and infants: Use photo light and serum to monitor jaundice
and bilirubin levels. If home birth, obtain newborn blood sample
as indicated by state guidelines and report birth information to
local health department.

Renal problems: Blood chemistry tests such as blood urea nitrogen
(BUN), creatinine, sodium, potassium; CBC (for anemia) to
monitor renal function and effectiveness of home dialysis. Urinaly-
sis and random and timed urine specimens to evaluate kidney sta-
tus (protein, electrolytes, and urine waste products).

Respiratory disorders: Apnea monitor and pulse oximetry to
check respiratory rate and oxygen saturation levels; CBC, with
attention to RBC, hematocrit (HCT), and hemoglobin (Hb) to
assess blood oxygen carrying—capacity and blood viscosity;
sputum cultures to assess and evaluate respiratory infections;
arterial blood gases and end-tidal carbon dioxide to assess oxy-
genation, acid-base status, and ventilation.

@ QOccupational Care Environment

The occupational and environmental health care nurse’s responsibil-
ities include screening, case finding to reduce or prevent known
workplace hazards, problem evaluation, management of ergonomics,
evaluation of interventions, ongoing monitoring of identified health
problems, and collaboration with employers and supervisors about
job injury sites. The nurse’s main role lies in pre-employment base-
line screening and testing and periodic monitoring of exposure to
potentially hazardous workplace substances. OSHA and employer
standards direct the focus of care. Pre-employment drug screens as
well as baseline and ongoing tests for the presence of exposure to
industrial toxins (eg, chemical and heavy metals) are required. Pre-
employment tests will vary according to the type of exposure
encountered (eg, lead, chromium), nature of business, or health, serv-
ice, or occupational role. Screening for tuberculosis (TB) skin or
blood testing may also be done. Blood, saliva, and urine specimens;
breathalyzer tests; pulmonary function breathing tests; and vision
and hearing exams are routinely ordered, and the nurse should be
well versed in procuring specimens and administering these tests.
Skills in drawing venous blood and knowing how to correctly label
and transport specimens are also needed.
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Appropriate health counseling and monitoring include proper
notification of the employee, employer, and primary physician about
test results; performance of follow-up testing; and initiation of meas-
ures to prevent and treat exposures to toxic and hazardous materials.
Nurses are accountable for monitoring the chain of custody and
obtaining properly signed and witnessed consent forms for drug or
alcohol testing, for worker’s compensation in industrial accidents,
for initiation and monitoring of appropriate testing, and for recom-
mendations for changes in work surface, slip hazards, and a worker’s
job situation, among others.

The occupational and environmental health care nurses’ other
main role resides in creating healthy and productive workplaces.
Health promotion is essential to a healthy and safe work environ-
ment. This nurse provides health screenings (eg, blood glucose and
cholesterol levels), assessments, education (eg, how to manage dia-
betes, smoking cessation), and wellness programs that support and
promote employee health.

@ Long-Term Care Environments

With increasing numbers of younger people with complex problems,
greater numbers of older adults (those who live into their 90s and
100s), and sick and frail elderly in long-term care settings, nurses
play a dynamic role in promoting optimal health status for residents
of these facilities while also dealing with ethical and legal issues.
Changes and challenges in long-term care include the following:

* There are more patients with multiple systemic and degenerative
problems for which there are no cures.

« Increasing numbers of residents with “full code” (ie, to be resusci-
tated) status lead to greater volumes and varieties of tests, which
raises costs of care.

* Increased awareness of residents’ rights (eg, right to refuse tests)
and signed advance directive documents allow more decision
making by residents and families.

* More pretest, posttest, and follow-up care procedures occur in
nursing homes because residents are frequently transferred to hos-
pitals or clinics only for the more complex procedures, such as
computed tomography (CT), endoscopy, and angiography. Intrat-
est care includes performing or assisting with procedures such as
performing fingersticks for blood glucose monitoring, assisting
with x-ray films after falls and compromised respiratory
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occurrences (eg, pneumonia), and obtaining portable electrocardio-
grams (ECGs) for the onset of chest pain in a patient with a history
of cardiac disease and no recent ECG records.

More confused, combative, or uncooperative behaviors are being
cared for in long-term care facilities, and many of these behaviors
are related to changes associated with longevity and the aging
process; chronic or degenerative diseases; dementia, lack of
knowledge, motivation, and concern; and relocation syndrome (ie,
moving from one environment to another). Frequently, an attitude
of “not wanting to be bothered,” fear of findings and treatment, or
outright refusal to have tests done make testing difficult. The nurse
must understand the meaning of the patient’s behaviors, provide
the patient with an age-friendly environment to foster safety and
comfort, and incorporate appropriate communication strategies
and nursing interventions for these special populations.

TABLE 1.4 contains the most common nurse-identified problems
found in long-term care settings and their related diagnostic tests.

@ Public Health Environment

Urban and Rural Communities
The role of the nurse in the community setting is rapidly changing to
include serving persons in certain geographical areas and settings.
Specializations include the parish nurse, school nurse, clinic nurse,
prison nurse, forensic nurse, nurse consultant, nurse case manager,
and tele-health nurse. The community-based nurse’s role is continu-
ally expanding because of societal demands and needs. This trend
focuses on providing care to all ages, especially the middle-aged to
elderly population, although in nurse-managed clinics for the home-
less, many young people are served. Responsibilities include case
finding (eg, genetic sickle cell disease), case management, screening
for sexually transmitted diseases and TB and wellness screenings
(cholesterol levels), vision testing, and referrals for diseases such as
diabetes (eg, fasting blood glucose and urine tests), colorectal cancer
(eg, rectal exams and stool tests), anemia (eg, blood tests for hemo-
globin and hematocrit), or breast cancer (eg, mammograms). Case
finding or screening frequently occurs at health fairs or outreach cen-
ters, schools, homeless shelters, community health centers, mobile
health vans, church settings, and senior citizen residential facilities.
Responsibilities vary but often include providing test information
and obtaining saliva, urine, blood, and stool specimens; they may
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TaBLE 1.4 CoMMON NURSE-IDENTIFIED PROBLEMS AND RELATED

DIAGNOSTIC TESTS

NURSE-IDENTIFIED PROBLEMS

DiaGNosTIC TESTS

Ineffective cardiac output related to
altered tissue perfusion

ECG, pulse oximetry, protein,
electrolytes, digoxin levels, CBC,
chemistry/metabolic panels,
heparin/Coumadin anticoagulation
levels, nuclear imaging

Risk for altered respiratory function
(eg, infection) related to immobility,
compromised immune system,
impaired gas exchange, aspiration, or
ineffective breathing patterns

CBC, differential count, radiology,
arterial blood gases (ABGs), pulse
oximetry, sputum culture,
pulmonary function, endoscopies

Neurosensory alterations related to
seizures, cerebrovascular accidents
(CVA), infections, injuries, or inef-
fective medication control

CAT scans, MRIs, EEGs, anticon-
vulsant drug levels, therapeutic
drug monitoring for psychotropic
drugs to review and reduce dosage,
CBC, chemistry/metabolic panels,
lumbar puncture

Risk for urinary tract infections, reten-
tion, altered elimination patterns, or
catheter or appliance use

CBC, differential count, urine
culture and sensitivity

Altered bowel elimination related to
incontinence, constipation, diarrhea,
impaction, or obstruction (caused

by cancer, adhesions, diverticulitis,
food-borne illness, or other intestinal
problems)

Abdominal ultrasound, gastrointesti-
nal (GI) x-rays, stool specimen,
CBC, chemistry/metabolic panels,
nuclear scans

Acute pain related to falls, injuries,
infections, or acute head, chest, or
abdominal problems

X-rays, CBC, chemistry/
metabolic panels, nuclear scans

Management of therapeutic regimen
related to requirements of rehabilita-
tion program for acute and chronic
conditions

X-rays, hematology tests, and
chemistry/metabolic panels

Altered thought processes related to
confusion, social isolation, hyper-
thermia, impaired gas exchange, or
organ failure (eg, brain, kidney,
heart, liver)

Chemistry/metabolic panel, CBC,
ABGs, x-rays, and scans
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DIAGNOSTIC TESTS

Risk for injury related to falls,
impaired mobility, muscular weak-
ness, paralysis, sensory/perceptual
alterations, and confusion

X-rays, nuclear and duplex scans,
Holter monitoring, chemistry meta-
bolic/panel, CBC, ABGs, and
stress testing

Altered nutritional intake related to a
lack of appetite, poor eating habits,
pretest fasting, chewing difficulties
(eg, edentulous, poor dentition),
impaired swallowing, depression

or confusion, food-borne illness,
infection

Prealbumin, albumin/globulin (A/G)
ratio, swallow tests, GI x-rays, stool
sample, chemistry/metabolic panel,
CBC, and nuclear scans

Fluid volume deficit related to inabil-
ity to swallow, incontinence, urinary
fluids, vomiting, diarrhea, or other
GI disorders

Blood tests to evaluate electrolytes,
hemoglobin, and hematocrit; stool
sample, chemistry/metabolic panel;
GI x-rays; GI scans, endoscopy

Altered tissue perfusion (all types)
related to anemia, inadequate nutri-
tional intake, occult bleeding, food-
borne illness, numerous blood draws,
digestive disorders, malabsorption of
nutrients

CBC, chemistry/metabolic panel,
iron tests, x-rays, stool sample,
occult blood tests, GI x-rays, and
swallowing procedures

Impaired skin integrity related to
venipunctures, with greater risk for
infection, infectious processes, drain-
ing wounds, immobility, altered
peripheral tissue perfusion, or
decubitus ulcers

Wound cultures, chemistry panel,
potassium, CBC, and differential
count

extend to performing procedures (eg, Pap smears), transporting and
preparing specimens for analysis, or performing actual test analysis.
The patient or guardian must give his or her consent before the test is

performed.

Homeless Environment

Many homeless people who come to nursing clinics are young peo-
ple or mature men with alcohol or drug addiction. The population is
difficult to contact or locate, so many of the laboratory tests done at
the nursing clinic are blood fingersticks (eg, for detection of diabetes,
hematocrit to confirm anemia), which give immediate readings. This
screening enables prompt attention to be given to abnormal results.
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Dipstick tests of urine for glucose, acetone, and microhemoglobin
are done during the first visit, as well as TB skin tests, blood tests for
TB, fingersticks, and intravenous (IV) blood draws for certain indi-
viduals. A throat swab sample can be tested for Streptococcus infec-
tion by mixing a reagent with a swab and getting an immediate read-
ing. A guaiac test for blood in stool can also be done immediately.
For men older than 50 years, rectal examinations are done to detect
blood in stool and to check for prostatic cancer or hypertrophy. Pap
smears and rectal examinations are done for female patients.

Indications for IV blood draws include a history of drug abuse or
multiple sex partners, HIV (AIDS), hepatitis B and hepatitis C infec-
tions, Chlamydia infection, basic metabolic panels, CBC, and cho-
lesterol determination.

« Special Examiner Roles

Nurse Insurance Examiners

In the setting of an insurance application or claim, nursing responsi-
bilities will vary according to the testing location (usually the
patient’s home or office). The data collection focus is on obtaining a
required medical history; conducting a physical exam (eg, blood
pressure, pulse, height, weight, chest, and abdominal measurements
done manually); initiating specific interventions, such as obtaining
specimens (eg, saliva, dried blood spot by venipuncture [do not draw
blood if blood pressure is less than 80/50 mmHg] or fingerstick);
using a spirometer for breath testing (eg, timed vital capacity); ana-
lyzing a urine sample (eg, dipstick interpretation and reading of glu-
cose and protein); or performing a resting ECG. The required proce-
dures depend on the requests and policies of insurance underwriters.
There are several special challenges:

* Dealing with ethical and legal issues, such as using tamperproof
tape, following chain-of-custody requirements, obtaining properly
signed and witnessed consent forms (eg, for HIV testing and urine
drug testing), and maintaining confidentiality of records.

* Assembling and using required kits and equipment (eg, use of
scale with 300-1b capacity, tape measure, urine dipstick, container
with label showing timing and color chart instructions, and
portable spirometer to measure lung volume).

* Assessing risk for fainting or convulsions during or after a blood
draw and risk for cotton allergy triggered during saliva testing.

* Following special policies for minors.
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* Being cautious with urine preservative tablets (eg, risk for mild
injury if person ingests the tablet); if needed, contacting the poi-
son control center, family physician, or emergency department.

* Correctly using dipstick tests and interpreting and reporting
results.

* Correctly using bar codes as part of a complete and proper speci-
men identification.

« Correctly using kits for blood and saliva testing and ensuring
proper handling and shipping of specimens.

* Properly positioning patients for blood draws (sitting), ECGs (on
a flat surface near an electrical outlet), and breath testing (sitting
or standing).

« Intervening appropriately when special situations occur (eg, inter-
preter is required, patient cannot read or write, patient refuses to
sign forms, patient is unable to void, nurse is unable to obtain
required blood specimens, and simultaneous specimen collection
is required for multiple companies).

Advanced Practice Nurses (APNs)

In many states, roles in patient management for advanced practice
nurses (APNs) are expanding, including ordering and interpreting
diagnostic studies. The spectrum of responsibilities for diagnostic
testing may vary from patient notification and follow-up counseling
about physician-ordered studies to independent ordering, perform-
ance, and interpretation of diagnostic studies.

Studies previously reserved for specialized physician practices
are becoming a routine part of APN practice, including obtaining
diagnostic specimens for culture, DNA amplification, and biopsies
for pathology; performing rapid assays, including newer bedside
tests for serum chemistries and drugs of abuse; conducting common
tests for Streptococcus species and pregnancy; and performing sim-
ple microscopy.

As part of the patient workup, the APN may perform some of the
diagnostic studies needed to make a medical diagnosis. APNs retain
ultimate accountability for their orders, the procedures they perform,
and the decisions made on the basis of data collected, regardless of
the circumstances with respect to physician supervision, physician
consultation, state regulations, or practice protocols.

Sexual Assault Nurse Examiners (SANEs)

Sexual assault nurse examiners (SANEs) are clinicians who have had
advanced training in forensic or criminal examination of sexual
assault victims. SANE programs have helped standardize evidence
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collection in a compassionate environment and create a victim-sensitive
system of response to sexual assault. Sexual assault or abuse is defined
as sexual contact of one person with another without appropriate legal
consent, as outlined in state and local laws.

Interviews and examinations should be conducted promptly in a
compassionate environment by a trained examiner with special atten-
tion to the medical and psychological needs of the victim as well as the
collection of evidence for medical-legal purposes. Communication
with involved law enforcement officials is critical, as well as obtaining
informed consent, preserving the chain of custody, and providing
detailed documentation, including photographs.

The nurse obtains informed consent from the victim before con-
ducting any examination or collecting any evidence. Victims may
refuse evidence collection and request only medical treatment. The
victim should be discouraged from eating, drinking, smoking, wash-
ing, or urinating prior to the examination.

All specimens collected must be packaged with the kit provided,
following labeled instructions. Specimens for DNA evidence to iden-
tify the perpetrator may include victim’s clothing, fingernail scrap-
ings, dried secretions, pubic hair, external genital swabbing, vaginal
secretion specimens, specimens and photographs obtained during
colposcopy, and urine sample.

Report of victim findings and examiner’s exhibits must be care-
fully reported and documented using a diagram of the human body to
point to abrasions, bite marks, areas of bleeding, and so forth.

« Basics of Diagnostic Care

In this high-tech era, health care delivery involves many different
disciplines and specialties, and clinicians must have a working
knowledge of many areas of expertise, including diagnostic evalua-
tion and diagnostic services. Safe, informed diagnostic care includes
basic knowledge and skills regarding the following: test background
information, normal reference values, test purpose, indications for
testing, actual procedures, specimen collection and handling, clini-
cal implications of abnormal test outcomes, interfering factors,
patient pretest care and preparation, patient intratest care, patient
posttest care, clinical alerts for special cautions, interpretation of
test results, and correlation of results with the patient’s signs and
symptoms.

Laboratory and diagnostic tests are assessment tools to gain addi-
tional information about the patient. By and of themselves, they are
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not therapeutic. However, when joined with a thorough history and
physical examination, these tests may confirm or rule out a diagnosis
or may provide valuable information about a patient’s status and
response to therapy that may not be apparent from the history and
physical exam alone. Generally, a tiered approach to selecting tests is
used that includes the following:

* Basic screening (frequently used with wellness groups and case
finding).

« Establishment of initial diagnosis.

« Differential diagnosis.

¢ Evaluation of current medical case management and outcomes.

* Evaluation of disease severity.

* Monitoring of course of illness and response to treatment.

* Group and panel testing.

* Regularly scheduled screening tests as part of ongoing care.

« Testing related to specific events, certain signs and symptoms, or
other exceptional situations (eg, sexual assault, drug screening,
pheochromocytoma, or postmortem tests).

@ Normal Values and Findings

Knowledge of test terminology, test purpose, process, and normal or
reference ranges and outcomes is vital. Theoretically, the term “nor-
mal” can refer to the ideal health state, to average reference values, or
to types of statistical distribution. Normal or expected values are
those that fall within 2 SDs from the mean value for the normal pop-
ulation. The reported reference range for a test can vary according to
the laboratory, the method used, the population tested, the conditions
of collection, and specimen preservation. Each laboratory must spec-
ify its own normal ranges.

The term “normal findings” for procedure test outcomes refers
to expected anatomical and physiologic parameters, for example,
normal organ size (no enlargement), function (eg, gastric fluid clear
or opalescent, no obstruction of blood flow), clear x-ray visualiza-
tion, ultrasound and Doppler echoes revealing no pathologic
processes, and nuclear scan uptake expected and symmetric. There
can also be a distinction between “diagnostic” versus “therapeutic”
normal values. Diagnostic normal typically refers to the range of
measurements (generally the 95% confidence interval) over which
disease is absent and anything outside the range is considered to be
abnormal. Therapeutic normal describes the range of measurements
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over which treatment may not be indicated or beneficial. The
greater the degree of test abnormality, the more likely the outcome
will be more serious.

Critical (panic) values are abnormal or unexpected values that
fall significantly outside the “normal” range and may imply a life-
threatening situation for the patient. The nurse must immediately
notify the appropriate clinician with the critical value so that there
will be no significant delays in (potential) treatment. Critical (panic)
value lists, policies, and procedures are institutional specific. All
diagnostic tests (eg, imaging, blood tests, and ECGs) can have “critical
values” associated to them. Accreditation by The Joint Commission
requires critical value reporting to the physician in a timely manner
along with proper documentation. Federal law also requires critical
value reporting as part of the Centers for Medicare & Medicaid Ser-
vices (CMS) guidelines.

There may be circumstances in which a diagnostic test does not
provide a clear result. As such, reporting of the result(s) may fall into
one of three categories: (1) uninterpretable, that is, test did not meet
specific procedural protocols or standards; (2) indeterminate, that is,
test results are equivocal; and (3) intermediate, that is, test falls
between a positive result and a negative result.

« [nterfering Factors

Many factors may affect values and influence the determination
(range) and normal findings. These factors may produce values
that are normal under the prevailing conditions but are outside the
limits determined under other circumstances. Age, sex, race, cul-
ture, environment, posture, diurnal and other cyclic variations,
foods, beverages, caffeine or nicotine intake, patient movement,
retained barium and intestinal gas, fasting, postprandial state,
drugs, and exercise may all affect the values derived. (Most normal
values for blood tests are determined by measurement of “fasting”
specimens.)

The influence of drugs upon test outcomes must always be con-
sidered. Drugs that most often affect test outcomes include anticoag-
ulants, antibiotics, anticonvulsants, homeopathic and alternative
drugs, and hormones.

The influence of posture is important when plasma volume is meas-
ured because it is 12% to 15% greater in a person who has been supine
for several hours. When the position changes from supine to standing,
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values increase for hemoglobin, RBCs, hematocrit, calcium, potas-
sium, phosphorous, aspartate aminotransferase (AST), phosphatases,
total protein, albumin, cholesterol, and triglycerides. When position
changes from upright to supine, values decrease for hematocrit, cal-
cium, total protein, and cholesterol. There is a 1% decrease when going
from the standing to sitting position for breathing tests, and hemocon-
centration occurs following a stress test. A tourniquet applied for more
than 1 minute produces an increase in values for protein (5%), iron
(6.7%), AST (9.3%), and cholesterol (5%) and a decrease in values for
potassium (6%) and creatinine (2.3%).

@ S| Values

Scientific publications and many professional organizations (eg,
World Health Organization) are changing the reporting of clinical
laboratory data from conventional units to Systeme International d’
Unités (SI units). Currently, much clinical laboratory data are
reported in conventional units, with SI units placed in parentheses.
This conversion is to establish a common language for laboratory
measurements.

The SI system uses seven dimensionally independent units of
measurement to provide a logical and consistent measurement. For
example, SI concentrations are written as amount per volume (moles
or millimoles per liter) rather than as mass per volume (grams, mil-
ligrams, or milliequivalents per deciliter, 100 milliliters, or liters).
Sometimes, numerical values differ between systems. However, they
may be the same. For example, chloride is the same—95 to 105
mEq/L (conventional) and 95 to 105 mmol/L (SI).

@ Margins of Error

The nurse recognizes the existence of margins of error. If a patient
has a metabolic panel or battery of chemistry tests, the possibility
exists that some tests will be abnormal owing purely to chance. This
can occur because a significant margin of error arises from the arbi-
trary setting of limits. Moreover, if a laboratory test is considered
normal up to the 95th percentile, the result can indicate an abnormal-
ity in 5 of 100 tests, even though a patient is not ill. A second test per-
formed on the same sample will probably yield the following: 0.95 X
0.95 or 90.25%. This means that for 9.75 of 100 tests, the result will
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show an abnormality, even though the person has no underlying
health disorder. Each successive testing will produce a higher per-
centage of abnormal results. If a patient has a group of tests performed
on one blood sample, some of the test results may be abnormal due
to chance.

@ Test Reliability

The clinical value and reliability of a test are related to its diagnostic
accuracy. Measures of diagnostic test accuracy include sensitivity,
specificity, and incidence of disease in the population tested. Sensi-
tivity and specificity do not change with different populations of ill
and healthy patients. The predictive value of the same test can be
very different when applied to people of differing ages, sex, and geo-
graphic locations. Specificity refers to the ability of a test to correctly
identify those individuals who do not have the disease. The formula
for computing specificity follows:

persons without disease

. who test negative
% of specificity = X 100
Total number of persons

without disease

Sensitivity refers to the ability of a test to correctly identify those
individuals who truly have the disease. The formula for computing
sensitivity is as follows:

persons with disease

. who test positive
% of sensitivity = X 100
Total number of persons

tested with disease

Incidence of disease refers to prevalence of disease in a popula-
tion or community. The predictive value of the same test can be very
different when applied to people of differing ages (eg, newborns),
sex, and geographic locations.

Predictive values refer to the ability of screening test results to cor-
rectly identify the disease state. Positive predictive values correctly
identify individuals who have the disease, whereas negative predic-
tive values identify individuals who do not have the disease. Positive
predictive value equals the percentage of positive tests that are true
positives (ie, individuals who do have disease). Negative predictive
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values refer to the percentage of negative tests that are true negatives
(ie, individuals who do not have disease).

@ Application of Diagnostic Model to Pretest,
Intratest, and Posttest Phases

The pretest focus is upon selecting the appropriate test, obtaining
proper consent, assessing risk, preparing and educating the patient,
providing emotional and physical support, and communicating effec-
tively. These interventions are key to achieving desired outcomes and
preventing misunderstanding and errors (FiG. 1.1).

The intratest focus is on managing the testing environment, col-
lecting and handling specimens, providing supplies and equipment,
using special kits, providing comfort and reassurance, preparing or
administering drugs and solutions, performing or assisting during
procedures, and positioning and monitoring the patient during proce-
dures. Invasive procedures place patients at greater risk for compli-
cations and require increased vigilance and observation. Moderate
sedation/analgesia (also known as conscious sedation), local and sys-
temic anesthesia, and IV drugs administered to counteract other test
medications are a frequent part of the scenario. Monitoring fluid
intake and loss, body temperature, and respiratory and cardiovascu-
lar systems and treating problems in these domains require critical
thinking and quick responses. A collaborative team approach to
achieve patient-centered care is necessary.

The posttest focus is upon follow-up activities: explaining med-
ical, pharmacologic, or surgical treatment; observing and monitoring
to prevent serious complications; and implementing appropriate
referrals and repeat or additional testing. Test outcome evaluation,
test interpretation, counseling, documentation, reporting, and record
keeping are also major components of this phase.

@ Pretest Care: Elements of Safe, Effective,
Informed Care

Assessment Parameters
Consider the following factors:

* Age and developmental stage, pertinent health history data (eg,
family history, allergies; medication history; alternative health
interventions, prior surgical experiences, vision, hearing, speech,



24

Nursing
Judgment

Process

Nursing Process
Parameters

Assessment

Analysis (patient diagnoses or
clinical problems)

Planning

Implementation

Evaluation

Documentation (reporting and
recording)

Patient/Family
Well-being
Collaborative
Process

Variables/
Dimensions

Psychosocial

Biocultural

Ethical/Legal

Environmental

Spiritual

Life Continuum (prebirth to
postdeath)
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Pre-, Intra-,
and
Posttest
Process

Care Elements

Basic knowledge and skill
Education
Communication
Precautions (risk control
and safety)
Appropriate interventions
and interactions
Standards
Patient counseling and
referrals

Specific Nursing Process Parameters Applied to
Pre-, Intra-, and Posttest Phases of Care

PRETEST

INTRATEST

POSTTEST

* Assess test indications,
interferences, and
contraindications.

* Know test terminology, and
translate into language
patient understands.

« |dentify risk-prone patients.

* Develop appropriate
diagnosis.

* Prepare and educate
patient/family.

* Obtain appropriate consent.

* Use standards and
precautions.

* Apply requisite knowledge.

* Document, report, and
monitor proper records.

« Consider ethical and legal
aspects.

* Observe standard/universal
precautions and
institutional policies.

* Perform and assist with
procedures.

* Collect and transport
specimens.

* Provide support and
reassurance

* Permit family presence
during procedures.

* Prevent/treat complications.

* Communicate and collaborate.

* Monitor appropriately.

* Document and report

* Prepare or administer drugs
and solutions

* Interpret results,
evaluate outcomes if
abnormal, assess
compliance.

* Know how to treat
critical values.

* Provide support for
unexpected outcomes.

* Monitor/teach to
watch for complications.

* Implement infection
control plan.

* Order follow-up tests at
appropriate intervals, and
explain posttest treatment.

« Evaluate the effectiveness of
managed care.

* Summarize diagnostic process
with documentation and
reporting to patient, clinician,
and others as mandated by
government bodies.

This model provides specific guidelines and standardized language based on North American Nursing
Diagnosis Association (NANDA) and the Nursing Intervention Classification (NIC) taxonomies.

FIGURE 1.1 A diagnostic care model for safe, effective, informed patient care.

and mobility deficits), and social history and habits (eg, drugs,
smoking, alcohol, sexually transmitted diseases).

* Ability to follow instructions and cooperate in procedural proto-
cols (eg, anxiety, mental confusion, and physical weaknesses or
limitations, such as casts, immobilization, and diseases); coping
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strategies, phobias, and other limitations such as cultural
differences or language barriers; nutritional status (eg, special
nutritive requirements—tube feeding, gastrostomy tube, IV lines,
central indwelling lines); and need for information (eg, level of
understanding; knowledge about condition, tests, and procedures;
possible nondisclosure about tobacco, IV drug, or alcohol use;
hepatitis risk status; and sexually transmitted diseases).

Factors That Influence Testing
Drugs are an important factor. The following factors may influence
test outcomes:

* Prescribed medications

* Over-the-counter drugs

* Vitamins

* Minerals

* Iron preparations

* Use of herbs

* Pretest diet

¢ Fluid intake

* Undisclosed drug, smoking, or alcohol use
» Exposure to toxic agents

The additional factors that may confound test results are as follows:

* Stress

* Elevated anxiety levels

* Fear

 Confusion

 Improper specimen collection

* Strenuous exercise

° Age

* Gender

* Weight and body build

» Communication errors (improper labeling and/or specimen identi-
fication)

* Nondisease factors (pregnancy)

¢ Physical impairment

* Past illness

* Present health status

* Altered mental state

* Alternative health therapies

* Injuries

* Testing environment (many test sites have shifted into community
settings)



26 PRETEST CARE: ELEMENTS OF SAFE, EFFECTIVE, INFORMED CARE

Testing Contraindications

Assess for contraindications to testing, such as pre-existing condi-
tions (eg, severe heart disease, pregnancy); an inability to compre-
hend or to follow directions, or to physically cooperate with testing;
disorientation; allergies to contrast agents (eg, iodine), drugs, or
latex; influence of previous testing procedures; and presence of
bleeding disorders and infections.

Risk Factors

Assess for risk factors by performing a safety assessment; eliciting a
history of falls, cerebrovascular accidents, fainting, neuromuscular
conditions, loss of balance, and the need for ambulatory assistive
devices; and identifying risk-prone patients. The following elements
potentiate risk, although they do not mean incidents or complications
will occur:

 Age older than 70 * History of falls

» Balance problems » Unsteady gait

« Paresthesias « Fatigability

* Weakness * Hearing impairment
* Pain * Visual problems

* Impaired meaning * Seizures

¢ Illogical thinking and judgment * Aggressive behaviors
* Use of diuretics * Analgesic use

* Sedatives * Drug use

* Gastric motility
Patients at risk for adverse outcomes include the following:

* High-risk indicators: a history of cancer, latex allergy, radiation
therapy, organ transplants, HIV-related or other serious illnesses,
seizure disorders, neuromuscular conditions.

* Increased risks for infection or injury: invasive procedures involv-
ing venous or arterial access devices, specific positioning require-
ments, urinary devices and catheters, endoscopes, enemas,
catheters, nasogastric and other suctioning devices, conscious
sedation, and analgesia. Infection and injury can occur as a result
of any invasive procedure in spite of adherence to rigid protocols
and careful technique.

* Additional risk factors: possible dehydration; altered nutrition that
does not meet body requirements, caused by prolonged fasting for
extensive testing; and inadequate vitamin, fluid, and mineral intake.

All of these assessment parameters are used as the basis for
nurse’s formulation of appropriate patient diagnoses.
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Nursing Diagnoses

The most common nursing diagnoses and nurse-identified clinical
problems are (1) deficient knowledge (most important), (2) risks
(very important), and (3) fear and anxiety (important). Examples of
these diagnoses are grouped together, followed by a listing of other
appropriate diagnoses in numbers 4 to 13:

1. Deficient Knowledge

related to need for patient education.

related to lack of or a misinterpretation of a diagnostic test,
purpose, and process (eg, for diabetes testing, timing of speci-
men collection and how it relates to disease control).

related to lack of understanding about test outcome abnormali-
ties or deviations and need for lifestyle change and treatment.

2. Risks

related to nursing judgment about invasive procedures, adverse
outcomes, complications, and patient indicators of high risk.
related to risk for injuries during invasive procedures (eg, IVs,
arterial access); special preparation (eg, prolonged bowel
preparation for a patient who is elderly, frail, and chronically
ill); complex procedures (eg, cardiac catheterization); adminis-
tration of radiopharmaceuticals or contrast agents; perforation;
or other events.

related to injury pertaining to limited physical mobility and need
for assistance and positioning required for many procedures.
related to injury about positioning requirements during some
procedures.

related to ineffective breathing patterns associated with
conscious sedation and claustrophobia fears during MRI.
related to latex allergy reaction as a result of the use of latex
products during diagnostic procedures.

related to injury caused by adverse or allergic reactions to
drugs and solutions used in testing.

related to injury from radiation exposure to multiple, repeat
x-rays and fluoroscopy.

related to fluid volume excess from the absorption of large
amounts of endoscopic irrigant fluid into the circulatory
system.

related to impaired tissue integrity caused by extravasation or
local infiltration of IV medication into surrounding tissue dur-
ing a scan procedure.

related to decreased cardiac output as a result of the adminis-
tration and systemic absorption of local anesthetic.
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« related to infection from arterial, venous, or other invasive
lines (eg, insult to skin integrity); endoscopic procedures; or
arteriograms.

3. Fear and Anxiety

related to patient need for support, comfort, and counseling
regarding outcomes and need for further testing and treatment.
related to possible need for further treatment and possible pain
during the process.

related to memories of past invasive procedures.

related to separation from parents, family, or significant others
during procedures.

related to anticipated discomfort or pain during the procedure.
related to medical personnel who participate in complex
procedures and an unfamiliar environment.

4. Altered Family Dynamics

* related to sense of comfort or pain.

* related to lengthy and complicated diagnostic test regimens or
life-threatening diseases.

* related to nutrition meeting less than body requirements result-
ing from fasting and fluid test restrictions.

* related to an altered sense of comfort or pain resulting from
pre-existing disease, tissue trauma, biopsy, diagnostic proce-
dure, or positioning.

* related to anticipatory grieving over unexpected test results
that may indicate serious disease.

5. Body Image

* related to patient’s need for sensitive interventions.

* related to disturbance of body exposure during procedure,
potential invasion of privacy, and embarrassment.

6. Denial

* related to difficulty managing decisional conflict.

» related to inability to accept negative outcome of testing.

* related to difficulty in managing therapeutic regimen or envi-
ronment caused by the lack of adequate support services.

7. Decisional Conflict

* related to the need for individual consent.

* related to choices among several treatment options based upon
test result interpretation.

8. Discomfort

* related to the need for relief measures.

* related to procedures that require the patient to lie still (ie, no
movement for specified lengthy periods).

* related to physical immobility during orthoscopy.
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9. Ineffective Individual Coping
» related to the need for special consideration.
* related to an inability to accept diagnosis of a serious disease.
10. Impaired Communication

* related to the need for special nursing measures.

* related to a language barrier and/or lack of an interpreter; an
inability to read or understand test instructions.

* related to denial or nonacceptance of test results or a need for
lifestyle changes.

11. Ineffective Health Maintenance (Compliance, altered) to Test

Protocols

* related to nurse’s judgment about reasons for inability to
comply.

* related to anxiety, confusion, weakness, denial, refusal, or
inability to follow specific instructions (eg, fasting, no oral
intake [NPO], and antidiabetic medications); preparation (eg,
timed tests); and failure to keep appointments.

12. Potential Ineffective Health Maintenance (Compliance, altered)

* related to nurse’s judgment regarding abnormal vital signs.

* related to sedation and impaired breathing pattern and analge-
sia affecting gas exchange or potential central nervous system
(CNS) depression.

* related to disbelief of abnormal test results and that follow-up
treatment is needed in the absence of overt disease signs and
symptoms.

13. Powerlessness

» related to the need for regaining sense of control.

* related to the lack of control over unfamiliar procedures, strange
environment, cultural differences, or unknown diagnosis.

Planning Parameters

Include Pretest, Intratest, and Posttest Nursing

Orders in the Care Plan

Consider the patient’s age, language, cultural diversity, compliance,
understanding, and care setting. Consider legal and ethical implica-
tions, including the patient’s right to information, explanation, and
instructions concerning risks, as well as the benefits of tests and
properly signed and witnessed consent forms. The nurse and other
clinicians have certain duties that reflect basic ethical considerations:
to maintain privacy and confidentiality of information; to honor the
patient’s right to consent to, question, or refuse diagnostic tests; to
report certain infectious diseases to governmental agencies; and to
respect the dignity of the individual. The clinician who orders the test
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has a responsibility to inform the patient about test results, to inter-
pret test results, and to discuss further testing and follow-up care.
Other caregivers can provide additional information and clarifica-
tion. Caregivers have the right to know the diagnoses of the patients
they care for so that they can minimize their own risks.

A properly executed consent form includes dates and witnesses,
as required. The patient’s signature must be correct. A parent or
guardian signs for a minor. For patients who are not competent to
sign consent forms, an advance directive (ie, durable power of attor-
ney for health care) or living will can protect their personal health
care (including diagnostic care) and decision-making autonomy.
When incompetent patients have no advance directives, many states
have a Surrogate Act that permits a surrogate decision maker to make
treatment decisions depending on medical diagnoses (including con-
sent forms) on behalf of patients who lack the capacity to make these
decisions. The act usually identifies the order of priority for potential
surrogates (ie, patient’s guardian, spouse, children, parents, siblings,
grandparents, close friend, and estate guardian). This responsibility
is crucial for the most vulnerable patient (eg, the elderly, mentally ill,
and homeless) to protect the autonomy of these persons.

Schedule Tests and Procedures

A plan that allows the patient to maintain dignity and some control
over scheduling and participation in the process is the ideal. Fasting
screening tests are scheduled first. Procedures using contrast agents
are scheduled before nuclear scans and after blood testing work. Less
invasive tests are done before more invasive procedures (eg, ECG
before cardiac catheterization).

Serial procedures are scheduled over a period of days (eg, nuclear
scan, tumor imaging, tests for infections). Some tests reflect diurnal
activity and must be scheduled at the proper time (eg, early morning).
Collaborate with diagnostic laboratories about scheduling certain
procedures because a limited number of tests may be done in a cer-
tain day (eg, myelogram, cardiac catheterization). Some procedures
are done immediately in emergency situations and delay regularly
scheduled procedures. Planning also includes privacy for the patient,
safety, prevention of complications, and management of risks.

Intervention Parameters
Prepare Patient and Family
Provide information about the testing site, give directions for locating
the facility, and allow time to enter the facility and find the specific test-
ing laboratory. Provide a safe environment for the patient at all times.
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Because of apprehension or fears related to testing and the technical
environments in which it takes place, nurses must be sensitive to
patients’ perceptions, concerns, fears, and anxieties and to the special
needs of persons with physical limitations or disabilities, ostomies, and
diabetes, children, the elderly, and the culturally diverse.

Facilitate Family Presence During Procedures

Involving family members in the diagnostic care process has helped
families by including them as active participants. Their presence may
provide the opportunity to calm the patient, offer additional comfort
to the patient, and reduce anxiety and fear. However, some families
may find the option of observing procedures to be distressing or
uncomfortable; other patients may not want family members present.
Nurses acting as patient advocates recognize the importance of sup-
porting the patient’s need for reassurance and the family’s need and
right to be present during diagnostic procedures.

Provide Culturally Competent Care

Do not stereotype or judge patients according to a personal frame of
reference. Cultural behavior is learned, not inborn, and develops out
of a necessity for survival and acceptance in the cultural group.
Poverty is a problem of all cultures. Many characteristic responses
that are described as cultural limitations are actually the consequence
of poverty (eg, seeking medical care late). Solving these problems
may be a question of locating adequate financial sources rather than
overcoming cultural influences.

Many cultures have diverse beliefs about diagnostic testing that
requires blood sampling. For example, alarm about having a blood
specimen drawn or concerns regarding the disposal of body fluids or
tissue may require health care workers to demonstrate the utmost
patience, sensitivity, and tact when communicating information
about blood tests.

Consider biocultural variables when interpreting test results.
Examples of physiologic differences that occur as a result of biocul-
tural processes and their interpretation follow:

Orthopedic x-rays: African Americans have longer arms and legs
and shorter trunks than Caucasians. African-American women
have wider shoulders and narrower hips but have more abdominal
adipose tissue than Caucasian women. Caucasian men exhibit
more abdominal adipose tissue than African-American men.
Native Americans and Asians have larger trunks and shorter
limbs than African Americans and Caucasians. Asians tend to
have wider hips and narrower shoulders.
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Bone density measurements: The greatest bone density occurs in
African-American men, African-American women, and
Caucasian men. Caucasian women have the least-dense bones.
Persons of Chinese, Japanese, and Eskimo ethnicity (men and
women) have bone densities that are less than those of Caucasian
Americans. Bone density decreases with age.

Cholesterol levels: At birth, African Americans and Caucasians
have similar cholesterol levels, but during childhood, African
Americans develop higher cholesterol levels. African-American
adults, however, have lower cholesterol levels than Caucasian
adults.

Hemoglobin and hematocrit levels: The normal hemoglobin level
for African Americans is 1 g lower than for other groups. Given
similar socioeconomic conditions, Asian Americans and Mexican
Americans have higher hemoglobin and hematocrit levels than
Caucasians.

Individualize Patient Education
Place special emphasis on patient education. Children, adolescents,
and older, frail adults should be approached in a manner different
from that of the average adult. Growth, developmental stages, and
cognitive levels must be considered. Children, adolescents, or adults
may have heard “horror stories” from peers. Preconceived percep-
tions frequently influence reactions to the total testing experience.
All patients require honest, simple, easily understood explana-
tions; nurturance; active participation; and respect for identity and
body image. Listening well is paramount to effective communication.
Give accurate and precise instructions according to the patient’s level
of understanding and condition. Avoid medical jargon. Ascertain
communication barriers (eg, impairments of cognition, language,
hearing, or vision). Provide sensory and objective information about
the test. Talk about the process, sensations that might be felt, equip-
ment used, noises, anticipated length of procedure, personnel present,
and physical environment. Develop “listening eyes and ears.” Rein-
force information about the diagnostic process, time frames, and the
patient’s role in testing and use resource people when necessary.

Legal and Ethical Implications
Consider the following legal and ethical implications:

* “Chain of custody” is a legal term descriptive of a procedure to
ensure specimen integrity from collection to transport to receipt to
analysis and specimen storage. A special form is used to provide a
written record.
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The right to informed consent before certain tests and procedures
pertains to patient autonomy, the ethical right of self-
determination, the legal right to be free of procedures to which
one does not consent, and to determine what will be done to one’s
own person. Risks, benefits, and alternatives are explained and
written consent is obtained well in advance of the procedure.

The patient must demonstrate appropriate cognitive and reasoning
faculties to sign a legally valid consent. Conversely, a patient may
not legally give consent while under the immediate influence of
sedation, anesthetic agents, or certain classes of analgesics and
tranquilizers. If the patient cannot validly and legally sign a con-
sent form, an appropriately qualified individual may give consent
for the patient.

Guidelines and wishes set forth in advance directives or “living
will”—type documents must be honored, especially in life-
threatening situations. Such directives may prevent more sophisti-
cated invasive procedures from being performed. Some states have
legislated that patients can procure do-not-resuscitate (DNR)
orders and medical DNR bracelets that indicate their wishes. A
copy of a patient’s advance directives in the health care record can
be helpful in unpredictable situations.

A collaborative team approach is essential for responsible, lawful,
and ethical, patient-focused care. The clinician who orders the test
has a responsibility to inform the patient about risks and test
results and to discuss alternatives for follow-up care. Other care-
givers, including the nurse, can provide additional information and
clarification and can support the patient and the family in achiev-
ing the best possible outcomes.

The duty to maintain confidentiality, to provide freedom of choice,
and to report infectious diseases may result in ethical dilemmas.
Recently, the Health Insurance Portability and Accountability Act
(HIPAA) set forth regulations regarding patient confidentiality.
HIPAA addresses protected health information (PHI) as any infor-
mation, whether oral, written, electronic, magnetic, or recorded in
any form, that is received or created by a health care provider;
relates to the patient’s past, present, or future health care treatment;
identifies the patient (eg, name, Social Security number, medical
record number); or can be used to identify a patient. HIPAA also
provides rights to the patient (eg, right to request, amend, correct,
restrict, or limit his or her PHI).

Respect for the dignity of the individual reflects basic ethical con-
siderations. Patients and family have a right to consent, to question,
to request opinions, and to refuse diagnostic tests. Conversely,
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caregivers have the right to know the diagnoses of the patients they
care for so that they can minimize the risks to themselves.
« Patients have a right to a correct and proper diagnosis and prognosis.

@ |ntratest Care: Elements of Safe,
Effective, Informed Care

Collect Samples for Testing and Assist With or

Conduct Certain Diagnostic Procedures

The most commonly collected specimens are blood, urine, stool,
saliva, and sputum. Chapter 2 provides the specific techniques of
specimen collection and handling. Types of assisted procedures
include endoscopy, lumbar puncture, and cardiac catheterization.
Diagnostic procedures the nurse often performs independently
include Pap smears, centrifugation of blood samples, ECGs,
breathing tests, and pulse oximetry. (See Chapter 3, Procedures.)

Institute Infection Control

Use special measures and sterile techniques as appropriate. It is
important to identify patients at risk for infection, to prevent skin and
tissue infections, to use aseptic technique as needed, and to institute
strict respiratory and contact isolation as necessary. The nurse must
ensure proper collection, transport, and receipt of specimens and use
properly cleaned instruments. The Appendix offers more information
on standard or universal precautions for safe practice and infection
control and isolation. These precautions direct all persons exposed to
body fluids and tissues to protect themselves and assume that every
direct contact is potentially infectious from any person—living or
dead (eg, blood, tissue, and other body fluids, specimens, and cul-
tures are designated as potentially infectious).

Use Required Kits, Equipment, and Supplies

« Use special kits and containers for obtaining many specimens: for
heelsticks and fingersticks, blood alcohol saliva, or oral fluid and
urine specimens. Do not use a package if you notice a defect (eg,
moisture, pinholes, tears). Do not use kit or specimen supplies
more than once (eg, finger- or urine strips). If the glucometer does
not produce a response or urine dipstick does not change colors,
gather new materials and begin the test over.

» Use tape with caution, especially when skin integrity can be easily
compromised in the frail, elderly patient.
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* Provide proper urine containers for specimens obtained at home.

* Require, in some instances, the operation of special equipment,
such as video monitors for endoscopic procedures.

« Use barrier drapes as directed. For example, arthroscopy drapes
are positioned with the fluid control pouch at the knee or during
catheterizations when collecting urine samples.

 Use and maintain aseptic technique during certain procedures (eg,
cystoscopy, bone marrow biopsy).

Position for Procedures

Proper positioning involves placing the patient in the best possible
position for the procedure and aligning the body correctly for optimal
respiratory and circulatory function. These include the jackknife,
prone, lithotomy, sitting, supine, and Trendelenburg positions. Using
positioning devices, arranging padding, and repositioning the patient
are important measures to prevent skin pressure and skin breakdown.
The potential adverse effects of various positions, especially during
lengthy procedures, include skin breakdown, venous compression,
sciatic nerve injury, muscle injury, and low back strain, among oth-
ers. Necessary positioning skills include ensuring that the patient’s
airway, IV lines, and monitoring devices are not compromised and
identifying those at potential risk for injury (eg, elderly, thin, frail, or
unconscious patients) before positioning. If wounds, skin break-
down, abrasions, or bruises are present, accurately document their
presence and location before the procedure.

Administer Drugs and Solutions
All drugs and solutions administered during diagnostic procedures
are given according to accepted practices. Drugs are given by mouth,
rectally, intranasally, by intubation, by injection (IV, IM, or subcuta-
neously), and by local or topical skin applications. IV fluids and
endoscopic irrigating fluids are also commonly administered.
Recognize the potential for adverse reactions. Before the proce-
dure begins, confirm previous drug reactions with the patient. Risks
for injury are related to hypersensitivity, allergic or toxic reactions,
drug-drug reactions, impaired drug tolerance caused by liver or kid-
ney disease, extravasation of IV fluids, and absorption of irrigating
fluids into the systemic circulation. Required skills include managing
airways and breathing patterns; monitoring fluid intake and loss;
monitoring body, skin, and core temperature; and observing the
effects of sedation and analgesia (eg, vital signs, skin inspection for
rashes, edema). The primary drugs used for moderate procedural
sedation and analgesia include the benzodiazepines and opiates. The
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most commonly used drugs include diazepam (Valium), midazolam
(Versed), lorazepam (Ativan), meperidine (Demerol), fentanyl (Sub-
limaze), morphine, and ketamine (Ketalar). Diphenhydramine HCI
(Benedryl) can be used for sedation or allergic reactions. Some of
these drugs work as CNS depressants and therefore may be con-
traindicated in certain conditions.

Manage the Environment

The main goal of environmental control is safe practice to ensure that

the patient is free from injury related to environmental hazards and is

free from discomfort. Be attentive to temperature and air quality; the

patient’s temperature; exposure to radiation, latex, and noxious odors;

room signage; infection control; and sanitation and cleanliness.
Remember to:

* Take latex and rubber allergy precautions.

 Eliminate or modify sensory stimuli (eg, noise, odors, sounds).

* Post a PATIENT AWAKE sign if the patient is awake during a
procedure.

* Be sensitive to conversation among team members in the presence
of the patient. At best, it can be annoying to the patient; at worst,
it may be misinterpreted and have far-reaching negative effects
and consequences.

* Assess, treat, and document a patient’s pain and discomfort, nau-
sea, and vomiting. Use a pain scale, when appropriate, as an indi-
cation of how well the patient is responding to pain management
treatment. Follow safe practice precautions.

@ Posttest Care: Elements of Safe,
Effective, Informed Care

The focus of the posttest phase is on patient aftercare and follow-up
activities, observations, documentation, and monitoring necessary to
prevent or minimize complications. Recently, there have been
tremendous strides made in the area of translational medicine, some-
times referred to as “bench to bedside.” Translational medicine has
its basis in disciplines such as “proteomics,” “oncogenomics,” and
“pharmacogenomics,” as well as other cutting-edge diagnostic tech-
nologies. Proteomics is the analysis and identification of proteins in
biological samples. These disease-associated proteins can be used as
biomarkers and have the potential to change the way we approach
patient treatment and care. Oncogenomic molecular profiling, or
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gene sequencing as it relates to cancers, and pharmacogenomics, the
genetics of drug interactions, all have the potential to be used in the
area of “personalized” medicine. Evaluation of outcomes and effec-
tiveness of care, follow-up counseling, discharge planning, and
appropriate posttest referrals are the major components of this phase.
It has been shown that verbal and nonverbal behaviors by the clini-
cian can have either a positive impact or a negative impact on patient
compliance with recommendations and treatment plans. Positive ver-
bal behaviors include empathy, reassurance, courtesy, and clarifica-
tion. Positive nonverbal behaviors include head nodding, direct focus
on the patient, and body orientation. Behaviors that should be
avoided include being dominant or inattentive.

Evaluate Diagnostic Care
The nurse will:

* Incorporate EBP into his or her clinical assessment.

* Measure progress toward established goals or anticipated
outcomes and identify unexpected or abnormal test outcomes.
Nursing-sensitive outcomes are neutral concepts, indicators that
describe patient outcomes influenced by nursing interventions that
relate to the nursing diagnosis. For example, for the diagnosis of
anxiety and apprehension about remaining in the MR scanner for
the total required time, based on the patient’s prior indication of
claustrophobia, patient status outcomes for anxiety would be anxi-
ety controlled or coping successfully to measure coping outcomes.
The specific indicators are that the patient uses effective strategies,
such as breathing techniques. Nursing interventions are as follows:
use anxiety control measures and teach breathing techniques. A
goal (outcome) may be that the patient can tolerate the diagnostic
procedure to its completion. A goal statement may be general or
may include specific indicators. Outcomes must be subjectively or
objectively measurable. They can be adjusted or modified to reflect
what is realistic regarding an outcome (eg, MRI will be repeated in
an open scanner at another facility).

Compare the current and previous test results. Employ the proper
sequence of data gathering from records. Review the most recent
data first to determine the current status of patient and then work
backward to evaluate trends or changes from previous data.
Modify nursing interventions accordingly when unexpected or
abnormal outcomes or critical values occur (eg, positive culture
results, abnormal test results for newborns, high or low potassium
levels).
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* Report to and collaborate with other clinicians and employers
when the plan of care needs to be modified or when changes in
medical care management may be necessary as a result of test

outcomes.

* Document as mandated by licensure regulations and institutional
policies.

« Evaluate outcomes using the following steps:

1.

2.

Encourage the patient to take as much control of the situation as
possible.

Recognize that the different stages of behavioral responses to
negative results may last several weeks or longer.

. Monitor changes in patient affect, mood behaviors, and motiva-

tion. Do not assume that persons who initially have a negative
perception of their health (eg, denial of diabetes) will not be
able to integrate better health behaviors into daily life once they
accept the diagnosis.

. Use the following strategies to lessen the impact of a life-

threatening prognosis:

* Offer appropriate comfort measures.

* Allow the patient to work through feelings of anxiety and
depression. At the appropriate time, reassure the patient that
these feelings and emotions are normal initially. Be more of a
therapeutic listener than a talker.

* Assist the patient and family in making necessary lifestyle
and self-concept adjustments through education, support
groups, and other means. Emphasize that risk factors associ-
ated with certain diseases can be reduced through lifestyle
changes. Be realistic.

Examples of expected and unexpected test outcomes follow:

EXPECTED OUTCOMES UNEXPECTED OUTCOMES
Anticipated outcomes will ~ Some anticipated outcomes may
be achieved. not be achieved. Reasons may be

related to specific patient behav-
iors that interfere with care inter-
ventions (eg, a patient does not
appear for testing appointment,
did not fast or withhold medica-
tions as directed before testing,
did not return for TB skin test
reading).
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The patient and the family
should be able to
describe the testing
process and purpose,
and the patient should be
able to properly perform
expected activities.
Information contributes
to empowerment.

If test outcomes are abnor-
mal, the patient will
make appropriate
lifestyle changes and
adopt healthy behaviors.

The patient does not
develop complications;
he or she remains free
from injury.

Should complications
occur, they will be
optimally resolved.

Anxiety and fears will be
alleviated and will not
interfere with the test-
ing process. The patient
is helped to balance
fears with recognition
of potential for devel-
oping coping skills.

With support and educa-
tion, the patient is able
to cope with test
outcomes revealing a
chronic or life-threaten-
ing disease. Hope is
inspired and generated,
and the patient feels
“cared for.”

Inability to fully participate in the
teaching/learning process as
evidenced by verbal and nonverbal
cues. Inability to properly perform
expected activities. Misinterpreta-
tion and misinformation of
diagnostic process results in panic,
avoidance behaviors, and refusal to
have tests done.

Nonadherence with test preparation
guidelines and posttest recom-
mended lifestyle changes. Hides test
results or minimizes or exaggerates
the meaning of test outcomes.

The patient exhibits untoward signs
and symptoms (eg, allergic
response, shock, bleeding, nausea,
vomiting, or retention of barium).

Complications are not fully resolved;
the health state is compromised;
there is a need for more extensive
testing and care.

Because of anxiety, fear, and
uncertainty, the patient is unable to
collect specimens properly or accu-
rately comply with procedure steps.
The nurse is unable to calm and
reassure the patient. Invasive tests
may be canceled if the patient is
too anxious or fearful.

The patient exhibits a lack of appropri-
ate problem-solving behaviors,
uncertainty and/or denial about test
outcomes, an inability to cope with
test outcomes, extreme depression,
and abnormal patterns of responses;
refuses to take control of the situation
or to cooperate with prescribed regi-
mens. Anxiety, grief, and/or guilt and
the social stigma of illness persist.
The patient uses alcohol or drugs.
Caregivers are seen as uncaring.
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Refer and Treat

Referrals for further testing and beginning treatment are a part of the
collaborative process. For example, the nurse practitioner refers
patients with abnormal Pap smears to the specialist for a colposcopy
or biopsy. When abnormal blood glucose testing indicates diabetes,
the clinician contacts specialists for further evaluation and medical
management, including the dietician for nutritional assessment. The
clinician refers the parent to the dietician for dietary therapy for
genetic disorders, such as phenylketonuria (PKU), in the newborn.

Initiate Posttesting Modalities

* Ensure patient safety by monitoring for complications and other
risks. The most common complications after invasive procedures
are bleeding, infection, respiratory difficulties, perforation of
organs, and adverse effects of conscious sedation and local
anesthesia. Watch for signs and symptoms related to these such as
redness, swelling, signs of skin irritation, pain or tenderness, dysp-
nea, abnormal breath sounds, cyanosis, decreased or increased
pulse rate, abnormal blood pressure, signs of laryngospasm, agita-
tion or combative behavior, pallor, and complaints of dizziness.

If adverse reactions or events occur, contact the physician
immediately and initiate treatment as soon as possible.

Take special safety measures and precautions when contrast
agents such as iodine are given, when barium has been used, when
latex rubber products are used, or when moderate procedural seda-
tion and analgesia have been administered.

Follow established agency protocols for discharge to home after
testing is completed. For complex procedures that are invasive or
require sedation, be certain that a responsible individual escorts
the patient home. Provide specific instructions regarding infection
control, barium elimination, iodine sensitivity, resumption of
pretest activities, and diet.

Intervene promptly when critical (panic) laboratory values are too
high or too low. The health care professional reviews records for
any sudden change in values that may also signal alarm (eg, new
diagnoses of leukemia, sickle cell anemia, aplastic crisis). Critical
laboratory values represent serious medical conditions that may be
life threatening unless immediate actions are taken. Notification
and collaboration with the clinician and other members of the
health care team must take place when critical values are
identified so that prompt treatment can begin (eg, a blood glucose
level <70 or >300 mg/dL [<4 or >17 mmol/L]; an increased
bleeding time [>15 minutes]; a hemoglobin <7.0 or >20 g/dL
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[<70 or >200 g/L]; a brown to black-gray urine upon standing,
with an increasing pH value; or elevated digoxin >2.00 mg/mL
[>2.6 mmol/L]).

Provide Discharge Planning and
Follow-up Counseling
* Frequently, patients are discharged with unresolved medical prob-
lems and unscheduled follow-up tests and postdischarge appoint-
ments with their physician. It is important to schedule these
appointments with and/or for the patient upon discharge, as it has
been shown that this can decrease these appointment times by up
to 23%.*
Counsel the patient regarding test outcomes and their implications
for further testing, treatment, and possible lifestyle changes. Pro-
vide time for the patient to ask questions and voice concerns
regarding the entire testing process.
Test outcome interpretation involves reassessment of interfering
factors and patient adherence if test outcomes significantly deviate
from normal and previous results.
Recognize that no test is perfect; however, the greater the degree
of abnormality indicated by the test result, the more likely that this
outcome deviation is significant or represents a real disorder.
Notify the patient about test results after consultation with the cli-
nician. Treatment may be delayed if test results are misplaced or
not communicated in a timely manner.
Help patients interpret the results of community-based testing.
Identify differences in the patient’s view of the situation, the clini-
cian’s viewpoint about tests and disease, and the health care
team’s perceptions.
Be sensitive to the implications of genetic or metabolic disorders.
Realize that genetic counseling should be provided by a specially
trained person. Informing the patient or family regarding the
genetic defect requires special training in genetic science, family
coping skills, and an understanding of legal and ethical issues.
Confidentiality and privacy of information are vital.
* Be familiar with crisis intervention skills for patients who experi-
ence difficulty dealing with the posttest phase, abnormal test
results, or confirmation of disease or illness.

*Adapted from Greenwald, J. L., Denham, C. R., & Jack, B. W. (2007). The
hospital discharge: A review of a high risk care transition with highlights of
a reengineered discharge process. Journal of Patient Safety, 3(2), 97-106.
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* Encourage the patient to take as much control of the situation as
possible.

» Recognize that the different stages of behavioral responses to neg-
ative or abnormal results may last several weeks or longer (see the
following text).

IMMEDIATE RESPONSE SECONDARY RESPONSE
Acute emotional turmoil, shock, Insomnia, anorexia, difficulty
disbelief about diagnosis, concentrating, depression,
denial, bargaining, acceptance difficulty in performing
work-related responsibilities
and tasks
Anxiety will usually last Depression may last several
several days until the person weeks as the person begins to
assimilates the information. incorporate the information

and to participate realistically
in a treatment plan and
lifestyle adaptation.

* Monitor changes in patient motivation. Do not assume that a per-
son who initially has a negative perception of his or her health (eg,
denial of the seriousness of diabetes) will not be able to integrate
better health behaviors into daily life.

Isolation or quarantine may be used under certain circumstances
in an effort to protect the public. Isolation refers to the separation
of the infected individual who is ill from those individuals who
are healthy, whereas quarantine is the separation and restriction of
movement of the individual who may have been exposed to an
infectious agent but is not ill. (Note: State regulations regarding
mandatory quarantine vary widely, and in some cases can result in
a criminal misdemeanor if violated by the individual.)

Documentation and Reporting Parameters

The patient’s health care record is the only way to validate the need
for diagnostic care, the quality and type of care given, and the
patient’s response to the care and to ensure that current standards of
medical and nursing care and diagnostic testing are being met. The
medical record may also be the basis for reimbursement for diagnos-
tic tests by government (Medicare) or private insurance programs.
Accuracy, completeness, objectivity, and legibility are of utmost
importance in the documentation process.
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Documentation for laboratory and diagnostic testing includes

recording all pretest, intratest, and posttest care:

Indicate the time, day, month, and year of entries. This
information can assume great importance in the office or clinic
setting. Enter appropriate assessment data and note the patient’s
concerns and questions that help define the nursing diagnoses and
focus for care planning. Document specific teaching and prepara-
tion of the patient before the procedure. Avoid generalizations.
When an interpreter is present, document his or her name and
relationship to the patient. Record that patient consent to give con-
fidential test information through an interpreter was obtained
before actually revealing the information. Record any deviations
from basic witnessed consent policies (eg, illiteracy, non—English-
speaking client, sedation immediately before the request for a con-
sent signature, consent by telephone) and include nurse measures
employed to obtain appropriate consent for the procedure.

Record that the preparation, side effects, expected results, and
interfering factors have been explained. Document the information
given and the patient’s response to that information. Keep a record
of all printed and written instructions. Record medications, treat-
ments, food and fluids, intake status, beginning and end of speci-
men collection, and procedure times, outcomes, and patient condi-
tion during all phases of diagnostic care. If the patient does not
appear for testing, document this fact and include any follow-up
discussion with the patient. Completely and clearly describe side
effects, symptoms, adverse reactions, or complications along with
follow-up care and instructions for posttest care and monitoring.
Record a patient’s refusal to undergo diagnostic tests. Note the
reasons, using the patient’s own words if possible. Document sig-
nificant nonadherent behaviors such as refusal or inability to fast,
restrict or increase fluid or food intake, incomplete timed
specimens, inadequate or improperly self-collected specimens,
and missed or canceled test appointments. Place copies of letters
sent to the patient in his or her chart.

Notify patients regarding test outcomes in a timely fashion and
document that the patient or family has been notified regarding test
results. Document follow-up patient education and counseling.
Report results to designated professionals. Report critical values
immediately and document to whom results were reported, orders
received, and urgent treatments initiated. Also, report vital values, lab-
oratory results that although outside of the reference range may not
be life threatening but could have an adverse affect on the patient.
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* Report all communicable diseases to appropriate agencies.
* Report and document situations that are mandatory by state statute
(eg, suspected elder abuse and child abuse, as evidenced by x-rays).

@ Reportable Diseases and Conditions

The nurse reports a single case of a disease of known or unknown ori-
gin that may be a danger to the public health. Unusual manifestations
of a communicable disease are also reportable to the local health
department. An outbreak of a disease of known or unknown origin
that may be a danger to the public health is reported immediately by
telephone or electronic means (DISPLAY 1.1).

As an example, the Annotated Code of Maryland, Health-General
Article § 18-205, requires the director of a medical laboratory to sub-
mit a report to the health officer for the county where the laboratory
is located within 48 hours after an examination of a specimen shows
any evidence of being a communicable disease or condition. The
report should include the date, type, and result of the test; the name,
age, sex, and residence address of the patient from whom the speci-
men was taken; and the name and address of the physician who
requested the test. For reports of HIV infection, the report should
include the unique patient identifying number; age, sex, and ZIP
code of the residence address of the patient; and the name and
address of the physician.

@ Conclusion and Importance of Communication

Nurses engage with people not so unlike themselves in many ways.
These individuals present with their perceptions of what the diagnos-
tic process and their illnesses mean to them and their loved ones.
When nurses see patients in the context of what the patient and loved
ones are experiencing (eg, their situational needs, expectations, pre-
vious experiences, and the environment in which they live), only then
can they offer meaningful support and care. When patients feel that
the nurse is on their side, they will have an increased sense of control.

Negative communication by caregivers is often experienced by
patients as an uncaring attitude and results in a sense of discourage-
ment. As caregivers and patient advocates, nurses must go beyond a
superficial level and try to “take on the mind” of another. They must be
willing to show sympathy and empathy. Identifying with the patient’s
point of view leads to a more profound level of communication. The
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DispLAY 1.1 Diseases and Conditions Reportable

by Health Care Providers

AIDS and
symptomatic HIV
infection*

Amebiasis

Anaplasmosis

Animal bites’

Anthrax”

Arboviral (checklist)

Babesiosis

Botulism®

Brucellosis’

Campylobacter
infection

Chancroid

Chlamydia infection

Cholera’

Coccidioidomycosis

Creutzfeldt-Jakob
disease

Cryptosporidiosis

Cyclosporiasis

Dengue fever’

Diphtheria’

E. coli 0157:H7
infection”

Ehrlichiosis

Encephalitis

Epsilon toxin of
Clostridium
perfringens

Giardiasis

Glanders

Gonococcal infection

Haemophilus influen-
zae, invasive disease

Hantavirus
infection”

Harmful algal bloom
related illness

Hemolytic uremic syn-
drome, postdiarrheal
Hepatitis, viral (A, B,
C, and other types
undetermined)*
HIV infection*
Influenza-associated
pediatric mortality
Influenza, novel
influenza A virus
infection’
Isosporiasis
Kawasaki syndrome
Legionellosis’
Leprosy
Leptospirosis
Lyme disease
Malaria
Measles (rubeola)’
Meningitis
(infectious)
Meningococcal, inva-
sive disease’
Mumps (infectious
parotitis)
Mycobacteriosis,
other than tubercu-
losis and leprosy
Pertussis’
Pertussis vaccine
adverse reactions
PlagueT
Pneumonia in a health
care worker resulting
in hospitalization
Poliomyelitis’
Psittacosis
Q-fever’
Rabies’

Ricin toxin"

Rocky Mountain
spotted fever

Rubella (German
measles) and con-
genital rubella
syndrome’

Salmonellosis
(nontypical)

Septicemia in
newborns

Severe acute respira-
tory syndrome
(SARS)"

Shiga-like toxin pro-
ducing enteric bac-
terial infections

Shigellosis

Smallpox and other
orthopoxvirus
infections’

Staphylococcal
enterotoxin BY

Streptococcal invasive
disease Group A
and Group B

Streptococcus pneu-
moniae invasive
disease

Syphilis

Tetanus

Trichinosis

Tuberculosis and
suspected
tuberculosis’

Tularemia’

Typhoid fever (case,
carrier, or both, of
Salmonella typhi)’

(display continues on page 46)
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DiSPLAY 1.1 (continued)

Varicella Vibriosis, noncholera  Yellow fever'
(chickenpox), types Yersiniosis
fatal cases only Viral hemorrhagic

fevers (all types)"

From State of Maryland Department of Health and Mental Hygiene. Epidemiology and
Disease Control Program (reviewed: December 2008).

*Diseases and conditions reportable by those personnel listed in State of Maryland
Department of Health and Mental Hygiene, Epidemiology and Disease Control
Program, and in occurrence to the programs’ policies and procedures.

"Reportable immediately by telephone.

diagnostic care nursing model is an effective method for providing
safe, effective, informed care throughout all phases of the diagnostic
process, including the sensitive communications necessary for a ther-
apeutic relationship to occur.

The cardinal rule for communicating with and educating patients
and families is to recognize at all times that the patient operates
within distinct physiologic, psychological, emotional, and spiritual
parameters that unite to make this person a unique, holistic, human
being. The use of the nursing process enables the nurse to better dis-
cern those characteristics that define each patient’s desires, concerns,
and care needs during diagnostic evaluation.



Nursing Standards and Protocols
for Specimen Collection

@ The Nurse’'s Role

Nursing Practice Standard

The nurse should follow proper procedures and guidelines for col-
lecting, handling, and transporting specimens, at the same time being
cognizant of standard precautions and sterile techniques. Nursing
interventions include collecting proper specimen amounts, using
appropriate containers and media, processing specimens correctly,
and storing and transporting specimens within specified time lines.
Explaining procedures to the patient or family in appropriate termi-
nology, taking into account cultural background, developmental
level, and socioeconomic factors, normally elicits cooperation and
understanding of the collection process and procedures within the
pretest, intratest, and posttest periods.

Overview of Nursing Responsibilities

The nurse’s role varies according to the specimen type, test purpose,
patient age and gender, health status, and clinical setting. Specific
protocols for nursing are governed by the setting in which the test-
ing is done. Appropriate skills and practical methods for educating
patients and coordinating teamwork are necessary for smooth func-
tioning. Specimens collected can include blood, urine, stool, sputum,
oral fluids, tissue, hair, and nails. Adherence to principles, protocols,
and standards related to specimen collection prevents invalid test
results, specimen rejection, and patient injury and mitigates health
hazards because of excessive blood draws, infection, and psycho-
logical stress.

Recently, with the introduction and use of interpretive reports,
especially in the primary care area, instances of misinterpretation
(health care provider has received correct laboratory values but does
not take correct action) of results have been reduced. Interpretive
reports often provide an explanation or reason for an abnormal result,
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along with suggestions for additional testing and the need for imme-
diate treatment or follow-up. These types of reports are often used in
conjunction with toxicology, endocrinology, and hematology test
results. The use of interpretive reports has been shown to improve
patient care and outcome.

Nursing Interventions

Interfering Factors

* Actions that may interfere with accurate test results include incor-
rect specimen amounts and collection, improper handling and
labeling, wrong preservative or lack of preservative, delayed deliv-
ery, improper storage (eg, improper temperature or container) or
transport of the specimen, clotting of whole-blood specimens or
hemolysis of blood, incomplete specimen collection, and incorrect
or incomplete patient preparation.

Other factors that can alter test results include pretest diet; preg-
nancy; time of day; age and gender; drug and alcohol ingestion
history; plasma volume; past and present illness or current health
status; incomplete patient knowledge, understanding, or compli-
ance; body position or activity at the time of specimen collection;
physical or emotional stress; noncompliance (not following pretest
instructions); and fasting or nonfasting status.

Preparation of the Patient

* Proper preparation of the patient is crucial for obtaining accurate
test results. Fasting, special diets, activity restrictions, withhold-
ing of selected medications, or other special preparations are
some pretest phase components. When in doubt about withhold-
ing medication, confer with the laboratory staff and the patient’s
physician.

* Isolation precautions must be observed when necessary. Manda-
tory standard precautions must prevail at all times.

Legal Implications Related to Specimen Collection

* The patient’s right to information includes knowing the purpose,
risks, and outcome of the test. A properly signed and witnessed
consent form may be required. Drug abuse testing involves unique
protocols. For instance, legal chain of custody may be required to
protect the specimen for drug testing. This means that each time
the specimen is transferred, the person receiving it becomes the
documented holder of the specimen and therefore becomes
responsible for the specimen’s integrity. It may be necessary to
verify the patient’s identity by photograph for validation before
collecting the specimen and at every other stage of the process.
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Ethical Implications

 Confidentiality must be maintained. This becomes especially rele-
vant when obtaining specimens for HIV testing or genomic stud-
ies (gene sequencing). Reporting certain infectious diseases to
state and federal centers for disease control may be mandatory,
even if the patient objects. (See Chapter 1 for ethical considerations
and reporting standards for special circumstances.)

Safety Measures

» Patient safety and well-being should be optimized by preventing
or detecting complications. Before and after testing, the patient’s
behavior, complaints, appearance, and degree of compliance should
be observed and documented. Nurses also are at risk for infection
when procuring, handling, and processing specimens and need to
observe standard precautions. Protocols for dealing with spillage
need to be clearly stated. Other issues to consider are electrical and
fire safety, proper use of supplies, equipment, handling of radioac-
tive materials, and disposition of biohazard materials and sharps.

Infection Control and Standard Precautions

« Standard precautions are always followed according to government
Occupational Health and Safety Act (OSHA) standards. Appropri-
ate protective clothing and personal protective equipment (PPE)
must be used. (The Appendix provides the guidelines for standard
precautions.) Isolation precautions should be followed according
to the type of infection identified or suspected per hospital and
governmental regulations (eg, the Centers for Disease Control and
Prevention [CDC]). The importance of proper hand-washing can-
not be overemphasized.

Storage and Transportation of Specimens

* Routines for specimen collection, processing, handling, tempera-
ture storage, and transportation may vary depending on agency
protocols and clinical settings. The primary objectives in the stor-
age and transport of diagnostic specimens are to maintain the
integrity of the sample and to minimize hazards to the specimen
handlers. Specimens should be collected and transported as
quickly as possible (within 2 hours is recommended). The nurse
must follow instructions carefully.

Immediate Specimen Transport

* After the specimen is collected, it should be placed in a biohazard
bag and transported to the laboratory immediately for prompt pro-
cessing and analysis to prevent specimen deterioration. If the blood
sample cannot be transported to the laboratory in a reasonable
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time, the blood can be centrifuged to prevent deterioration of the
specimen, or refrigerated or placed on ice. Consult with laboratory
personnel for proper storage and temperature.

« Unacceptable specimens lead to increased costs and wasted time
for everyone concerned, including the third-party payer. Exposure
to sunlight, warming, cooling, and air or other substances can all
alter specimen integrity. “STAT” tests should always be hand-
carried to the laboratory, processed immediately, and documented
as such in the health care record.

Transport From Nonacute Care Settings

to the Laboratory

* As the trend shifts toward specimen collection in the community,
nursing home, clinics, physician offices, and private home care
environments, the nurse working in these areas needs to be aware
of the procedures and protocols for specimen collection, handling,
transport, and, in some cases, actual specimen measurement, that
is, point-of-care testing (POCT). The movement toward POCT is
an effort to expand and improve the quality of care, health
outcomes, and cost-effectiveness.

* The specimen should be placed in a biohazard bag. Include clearly
written instructions and specific directions to the laboratory.

* Specimens are also often mailed or transported to specialty labora-
tories in other areas. To avoid delays in analysis and in reporting
the results, follow specific instructions and label correctly.

» Exact time frames must be observed.

Transport to Special Laboratories
* When shipping specimens to specialty laboratories, place the
specimen in a securely closed, leak-proof, nonbreakable container
such as a test tube, vial, or other appropriate receptacle (ie,
primary container). Enclose this primary container within a
second, durable, leak-proof container (ie, secondary container).
Together, these primary and secondary containers should then be
enclosed in a sturdy, strong, outer shipping container.
Appropriately label biologic and tissue agents or biomedical mate-
rial. If the package becomes damaged or leaks in transit, the car-
rier is required by federal regulations to isolate the package and to
notify the Biohazards Control Office of the CDC in Atlanta, GA.
The carrier must also notify the sender. Understandably, this can
cause a significant delay in medical diagnosis and treatment.
» Regulations regarding the mode of shipping or packaging,
whether domestic or international, change frequently. Check with
the laboratory for the most recent guidelines.
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* Code of federal regulations governing the shipment of biologic agents,
S72.2: Transportation of diagnostic specimens, biologic or etiologic
products, and other materials, minimum packaging requirements:

“No person may knowingly transport or cause to be transported in inter-
state traffic, directly or indirectly, any material, including but not limited
to, diagnostic specimens and biologic products that such person reason-
ably believes may contain an etiologic agent unless such material is
packaged to withstand leakage of contents, shocks, pressure changes,
and other conditions incident to ordinary handling in transport.”

Examples of special laboratory requirements for transporting, pack-
aging, and mailing of specific specimens follow:

SPECIMEN

Routine urinalysis
of random, mid-
stream specimen

Urine culture

Urine for calcium,
magnesium, and
oxalate

Blood for trace
metals

CAUTIONS FOR PACKAGING AND MAILING
Preferred transport container is a plastic,

yellow screw-top tube that contains a
tablet that preserves any formed element
(eg, crystals, casts, cells) and prevents
alteration of chemical constituents caused
by bacterial overgrowth. Pour urine into
the tube, cap the tube securely, and invert
to dissolve the tablet.

Use a culture and sensitivity transport kit

containing a sterile plastic tube and trans-
fer device for collection. This tube
contains a special urine maintenance for-
mula that prevents rapid multiplication of
bacteria in the urine. Pour the urine speci-
men into the tube and seal properly.

Use acid-washed plastic containers for collec-

tion and transport of the specimen. If urine
pH is >4, the results may be inaccurate. Do
not collect urine in metal-based containers
such as metal bedpans or urinals.

Observe contamination control in sample

collection. Most blood tubes are contami-
nated with trace metals; all plastic syringes
with black rubber seals contain aluminum,
varying amounts of zinc, and all heavy
(continued)
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SPECIMEN

Frozen specimen

Refrigerated speci-

men
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CAUTIONS FOR PACKAGING AND MAILING

metals (eg, lead, mercury, cadmium,
nickel, chromium). The trace metal sam-
ple should be collected first—once the
needle has punctured the rubber stopper, it
is contaminated and should not be used
for trace metal collection. Use ChloraPrep
(chlorhexidine gluconate) to clean skin;
avoid iodine-containing disinfectants; use
only stainless steel phlebotomy needles.
Blood for serum testing of trace elements
should be collected in a royal blue—top
(sodium heparin anticoagulant) trace ele-
ment blood collection tube. After collect-
ing and centrifuging, place in a 5-mL
metal-free, screw-capped polypropylene
vial; do not use a pipette to transfer serum
to the container. Cap vial tightly, attach
specimen label, and send to laboratory
cooled or frozen. All specimens that are
stored for more than 48 hours should be
frozen and sent on dry ice. (Depending on
geographic location, keep the specimen
cool with frozen coolant in April-October
and refrigerated coolant in November—
March.)

If a delay of more than 4 days is anticipated

before specimen examination, freezing the
specimen is preferred. Place the specimen
in a plastic vial (not glass). The container
should not be more than three-fourth full
to allow for expansion when frozen. Store
in the freezer or on dry ice until specimen
is picked up by a carrier or transported to
the lab. Label vial with patient’s name,
date, and type of specimen.

Urine, respiratory exudates, and stool or feces

must be refrigerated before transport.
Note: Specimens that cannot be refriger-
ated before the inoculation of media
include spinal fluids and other body fluids,
specimens for Neisseria gonorrhea isola-
tion, blood, and wound cultures. Place the



Blood for photosen-

sitive analysis

Anaerobic microbes

THE NURSE'S RoLE 53

specimen in the refrigerator for storage
(iced or cooled) before pickup. When
packaging, place the specimen container
into a zip-lock bag, with the required
coolant put into the outer pouch. If dry ice
or a refrigerant is used, it must be placed
between the secondary container and the
outer shipping container. Shock-absorbent
material should be placed in a way such
that the secondary container does not
become loose inside the outer shipping
container as the dry ice evaporates. Styro-
foam containers are recommended when
shipping the specimen on dry ice to prevent
CO, buildup as the dry ice evaporates.

Avoid exposure to any type of light

(artificial or sunlight) for any length of
time. These specimens need to be
enclosed in an aluminum foil wrap or a
brown plastic or glass container.
Specimens for assays of vitamins A and
By, beta-carotene, porphyrins, vitamin D,
and bilirubin are examples of substances
that need to be protected from light.

Aspiration with a needle and syringe, rather

than a swab, is the preferred method of

specimen collection for anaerobic bacte-

ria. Once collected, the specimen must be
protected from ambient oxygen and kept
from drying until it can be processed in
the laboratory. The transport container for
anaerobic specimen includes the follow-
ing components:

Syringe and needle attached to the syringe
for aspiration—dispose of needle in
sharps container and replace with a
blunt adaptor for transport.

Tube or vials—tube is used primarily for
insertion of swab specimens; vials are
used for inoculation of liquid specimen.

Swab/plastic jacket system—the plastic
tube or jacket is fitted with a swab and

(continued)
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SPECIMEN

Stool specimen

CAUTIONS FOR PACKAGING AND MAILING

contains transport or prereduced
medium. The culturette system also
includes a vial or chamber separated by
a membrane that contains chemicals
that generate CO, catalysts and desic-
cants to eliminate any residual O, that
may enter the system.

Biohazard bag or plastic pouch system—a
transparent plastic bag that contains a
CO,-generating system, palladium cata-
lyst cups, and an anaerobic indicator.
The bag is sealed after inoculated
plates have been inserted and the CO,-
generating system is activated. The
advantage of this system is that the
plates can be directly observed for visu-
alization of early colony growth.

Use a special 1000-mL container, such as

Nalgen™, for total sample collection or a
100-mL white polypropylene container
for a portion of a large sample (aliquot)
for feces collection. Each container
should have a similar label affixed before
giving to the patient (FIG. 2.1).

Stool, homogenized  For a homogenized (blended) specimen, the

Infectious material

required mailed specimen is an 80-mL
portion of homogenized feces. Homogenize
and weigh according to laboratory protocol.
Pour the homogenate into container as soon
as possible to avoid settling. On a request
form, indicate the specimen’s total weight
and the amount of water added. Include the
period of collection on the request form.
Send the homogenized specimen at the pre-
ferred transport temperature listed in the
agency specimen requirements protocol.

An etiologic agent label must be affixed to

all patient specimens transported as body
fluids that have been recognized by the
CDC as directly linked to the transmission
of HIV (AIDS) or hepatitis B virus
(HBV). Standard precautions apply to
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Only fill to this line

Duration: _ Random __ 24 hrs
___T72hrs __ 48hrs
Other

Is this the entire collection?
__Yes ____ No

Total number of containers sent:

Patient Name:

When container is given to the patient, provide the
following instructions: Test to be done and specimen
requirements, diet requirements, collection and storage of
specimen, two 1000 ml Nalgene™ containers provided
for timed collection and one 100 ml container for a
random collection specimen; information on how to obtain
additional containers, if necessary, and instructions for
not filling any container more than 3/4 full (indicated line
on label).

At the time that the patient returns the container(s) to the
clinic, the health care worker fills in the label with the
correct information. If “other” is checked, list on line on
label. If more than one container is sent, be sure to
indicate total number sent on the line.

FIGURE 2.7 Stool collection container label.

handling these fluids and include special
handling requirements for blood, blood
products, semen, vaginal secretions, cere-
brospinal fluid, synovial fluid, pleural fluid,
peritoneal fluid, pericardial fluid, amniotic
fluid, and concentrated HIV and HBV.
A biohazard label must be affixed to all
microbiology specimens, including anaero-
bic and aerobic bacteria, mycobacteria,
(continued)
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Primary
container
culture

Absorbent
packing
material

Secondary
container

Specimen
record
(HSM 3.203)

Shipping
container

EA label

Address
label

FIGURE 2.2 Proper technique for packaging of biologically hazardous
materials. (CDC Laboratory Manual, DHEW publication no. [CDC] 74-
8272, Atlanta, GA: Centers for Disease Control and Prevention, 1974.)

SPECIMEN CAUTIONS FOR PACKAGING AND MAILING
fungi, and yeast. The specimen must be
sent on an agar slant tube in a special
transport container (a pure culture,
actively growing; FIG. 2.2); do not send
on culture plates. The outer shipping con-
tainer of all etiologic agents transported
through interstate traffic must be labeled
as illustrated in FIGURE 2.3.

Specimens requir- Clearly and accurately label each specimen
ing exceptional with patient’s full name, sex, birth date,
handling identification number, time and date of

specimen collection, name of practitioner
ordering specimen, and signature of per-
son collecting specimen. The test order
form and name of sample contents should
be checked for a match and transported in
a single package.
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ETIOLOGIC AGENTS

BIOMEDICAL
= MATERIAL

\ } IN CASE OF DAMAGE
OR LEAKAGE
NOTIFY: DIRECTOR, CDC

ATLANTA, GEORGIA
404/633-5313

NOTICE TO CARRIER

This package contains LESS THAN 50 ml of AN
ETIOLOGIC AGENT, N. O. S., is packaged and
labeled in accordance with the U.S. Public Health
Service Interstate Quarantine Regulations (42
CFR, Section 72.25[c], [1] and [4]) and MEETS
ALL REQUIREMENTS FOR SHIPMENT BY MAIL
AND ON PASSENGER AIRCRAFT.

This shipment is EXEMPTED FROM ATA
RESTRICTED ARTICLES TARIFF 6-D (see
General Requirements 386 ([d] [1]) and from DOT
HAZARDOUS MATERIALS REGULATIONS (see
49 CRF, Section 173, 386 [d] [3]). SHIPPERS
CERTIFICATES, SHIPPING PAPERS, AND
OTHER DOCUMENTATION OR LABELING ARE
NOT REQUIRED.

Date Signature of Shipper

CENTERS FOR DISEASE CONTROL
ATLANTA, GEORGIA 30333

FIGURE 2.3 Etiologic agents logo and “notice to carrier” that must be
affixed to the outside of any package containing potentially hazardous and
infectious biologic materials.

Note: In the event of a damaged package, the carrier should immediately iso-
late the package and contact the CDC. In the event that a package is not
received within 5 days of the anticipated delivery date, the sender should
contact the CDC.

@ Nursing Protocols for Blood
Specimen Collection

* Blood samples may be procured through skin puncture (ie, capil-
lary blood), venipuncture (ie, venous blood), arterial puncture (ie,
arterial blood), or bone marrow aspiration. The type of blood sam-
ple needed—whole blood, plasma, or serum—varies with the spe-
cific test. Equipment (ie, automated or manual system), blood
sample type, collection site, technique, and the patient’s age and
condition determine the methods of collection.
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* Blood collection tubes have color-coded stoppers to indicate
which types of additives are present. Additives preserve the speci-
men, prevent specimen deterioration and coagulation, and block
the action of certain cell enzymes. The choice of additives is dic-
tated by the test ordered. In general, most hematology tests use
liquid ethylenediaminetetraacetic acid (EDTA) as an anticoagulant.
Tubes with anticoagulants should be gently but completely
inverted end over end 7 to 10 times after collection. This action
ensures complete mixing of anticoagulants with blood to prevent
clot formation. Even slightly clotted blood invalidates the test, and
the sample must be redrawn. The following guide shows which
specimens belong to which color-coded collection tubes:

CoOLLECTION TUBE

COLOR AND

ADDITIVES

White (gel and K,
EDTA)

Green-top tube with
heparin (sodium
heparin, lithium
heparin, ammo-
nium heparin)

Gray-top tube with
potassium oxalate
and sodium fluo-
ride [acidification
of the blood with
NaF and EDTA
(K,EDTA/NaF)
has been shown to
inhibit glycolysis]

Lavender-top tube
with K2 or K3
EDTA

USE AND PRECAUTIONS

For HIV and hepatitis C virus (HCV) viral
load testing, genotyping, blood bank,
plasma testing in molecular diagnostic
studies

For heparinized plasma specimens; arterial
blood gases (ABGs), special tests such as
ammonia levels, hormones, plasma testing
for chemistry panels, and electrolytes; invert
tube 7-10 times to prevent clot formation

Serum or plasma glucose levels, lactate, and
alcohol measurements. Note: The placing
of the collection tube in ice slurry can
help stabilize the glucose.

For whole blood and plasma, hematology,
genetic, immunosuppressant, HbA,., and
red blood cell (RBC) folate. The use of
EDTA for hematology and complete
blood cell counts (CBCs) prevents filled
tube from clotting. If tube is less than half
filled, the ratio of anticoagulant to blood
may be altered enough to give unreliable
laboratory test results. Invert tube 7-10
times to prevent clotting.
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Light blue—top tube
with sodium
citrate

Royal (dark) blue—
top tube with Na,
EDTA, or sodium
heparin

Royal (dark)
blue—top tube
without EDTA or
sodium heparin

Tan-top tube with
heparin

Yellow-top tube
with 5.95 mg of
sodium polyanet-
hole sulfonate
(SPS) [0.35% in
14.4 mg of NaCl
(0.86%)]

Gold- or red-
marbled tube;
serum separator
tube (SST)

Red-top, plain tube;
no additive

For plasma-coagulation studies such as pro-

thrombin times and partial thromboplastin
times. The tube must be allowed to fill to
its capacity, or an improper blood-to-anti-
coagulant ratio will invalidate coagulation
test results. Invert tube 7—10 times to pre-
vent clotting.

For cadmium and mercury; toxicology and

nutritional chemistry; trace element—free
tube; invert tube 7—-10 times.

For aluminum, arsenic, chromium, copper,

nickel, and zinc; trace element—free tube
(no additives) (use anticoagulant—blood
will clot).

For heparinized plasma specimens for pedi-

atric lead levels; lead-free tube; invert
tube 7-10 times.

For collection of blood cultures in microbi-

ology; use aseptic technique for blood
draw; invert tube 7-10 times to prevent
clot formation.

For serum samples such as chemistry serum

analysis, SSTs should be gently inverted
(completely, end over end) five times after
collection to ensure mixing of clot activator
with blood and clotting within 30 minutes.
After 30 minutes, centrifuge promptly at
relative centrifugal force (rcf) 1000-1200 g
(virtual gravity) for 15 = 5 minutes to sepa-
rate serum from cells. Serum can be stored
in gel separator tubes after centrifugation
for up to 48 hours. Do not freeze SSTs. If a
frozen specimen is needed, separate serum
into a labeled plastic transfer vial. SSTs
must not be used for therapeutic drug
levels. The gel may lower values.

For a wide range of chemistry tests, blood

bank, therapeutic drug testing, all
(continued)
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CoOLLECTION TUBE

COLOR AND

ADDITIVES USE AND PRECAUTIONS
antibody tests, collecting a clotted blood
specimen; no preservatives or anticoagu-
lant. After drawing blood, it is necessary
to allow the blood to clot at room temper-
ature for 30-45 minutes. Then, centrifuge
the specimen at rct 1000-1200 g for 15 =
5 minutes and transfer the serum portion
to a properly labeled plastic transfer vial.
Prolonged exposure of the serum to the
clot can invalidate some test results.

Nursing Interventions

The nurse’s role in blood collection varies according to the type of
specimen collected, the patient’s age and condition, and the clinical
setting. Standard precautions must be observed at all stages of the
blood collection process, including disposal activities.

[ LI A

« Several factors increase the risk for infection to nurses and patients
during blood collection. Infection needs four conditions to exist simul-
taneously: (1) a sufficiently large amount of the infectious agent, (2) a
sufficiently virulent or deadly form of the agent, (3) an opportune portal
of entry into the host (eg, open cut, nasal passages, needle stick), and
(4) a sufficiently lowered level of resistance in the host. The likelihood
of developing an infection is greatly reduced or eliminated if one or
more of these conditions is removed.

e Transmission of blood-borne pathogens presents greater risk during
blood collection than during injection.

In acute care settings, the nurse prepares the patient for blood test-
ing and assists laboratory or medical personnel as necessary. However,
in a rural or community setting, the nurse may procure the specimen,
process or centrifuge the sample, and transport specimens.

Skin Puncture for Capillary Blood

Proper specimen collection depends on correct technique and accu-
rate timing. Capillary blood is preferred for a peripheral blood smear,
and it can be used for other hematologic studies. Adult capillary
blood samples require a skin puncture, usually of the fingertip. For
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children, the tip of the finger is also often the choice. Infants younger
than 1 year and neonates yield the best samples from the great toe or
side of the heel.

L7 LI A

* In patients diagnosed with leukemia, agranulocytosis, or lowered
immunologic resistance, fingerstick punctures are more likely to cause
infection and bleeding than venipunctures. If a capillary sample is nec-
essary, wash the site with soap and water and dry with sterile gauze
before and after blood collection.

Pretest Care

Explain the procedure and purpose of blood sampling to the patient
or parents. Obtain informed consent if necessary. A warm compress
may be applied to the anticipated puncture site area for about 10 min-
utes before the procedure to dilate the blood vessels for easier access.
Assess for the following interfering factors:

* Inadequate available blood supply may occur because of cold,
cyanosis, swelling, or edema of the site or because of an improper
collection process.

* Blood sample dilution can occur because of improper pressure (ie,
squeezing) on the puncture site or neglecting to wipe away the
first drop of blood. Such dilution alters blood composition and
invalidates test results.

* Residual alcohol applied at the site before puncture affects red cell
morphology.

« Epithelial or endothelial cells present in the first drop of blood
cause incorrect results.

Intratest Care

* Observe standard precautions; gloves must be worn.

* Assess the puncture site. Avoid using the lateral aspect of the heel
where the plantar artery is located.

* Clean the puncture site using soap and water. Use a circular
motion and then wipe dry with sterile gauze.

* Create blood stasis by pressing on a distal joint to produce
engorgement at the tip of the finger.

* Puncture the skin with a disposable sterile lancet (no deeper than
2 mm) quickly and deeply enough for blood droplet formation.
Wipe away the first drop of blood. Collect subsequent drops in a
microtube or prepare a smear directly from a drop of blood.
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* After collection, briefly apply pressure to the site and then cover
the site with a small, sterile dressing or adhesive strip.

« Label the specimen properly, and enclose it in a biohazard bag.
Send the sample to the laboratory promptly. Document pertinent
information.

Dried Blood Spot

In this method, a lancet is used and the resulting droplets of blood are
collected by blotting them with filter paper directly. Check the stability
of equipment and integrity of supplies when performing a fingerstick.
If provided, check the humidity indicator patch on the filter paper
card. If the humidity circle is pink, do not use this filter paper card.
The humidity indicator must be blue to ensure specimen integrity.

* After wiping the first drop of blood on the gauze pad, fill and satu-
rate each of the circles in numeric order by blotting the blood
droplet with the filter paper. Do not touch the patient’s skin to the
filter paper; only the blood droplet should come in contact with
the filter paper. If an adult has a cold hand, run warm water over it
for approximately 3 minutes. The best flow occurs when the arm
is held downward, with the hand below heart level, making effec-
tive use of gravity. If there is a problem with proper blood flow,
milk the finger with gentle pressure to stimulate blood flow or
attempt a second fingerstick; do not attempt more than two. When
the saturated blood circles penetrate through to the other side of
the filter paper, the circles are fully saturated.

Posttest Care

* The dressing may be removed after a few hours if bleeding has
stopped. Occasionally, a small bruise or some discomfort may
occur. Notify the laboratory or clinician if bleeding does not stop
with pressure on the site within a reasonable period. Evaluate the
patient’s medication history for an anticoagulant, nonsteroidal
anti-inflammatory drug (NSAID), or aspirin-type drug ingestion.

Venipuncture for Venous Blood

Most blood studies require venous blood samples. Venipuncture allows
for procurement of larger quantities of blood than capillary collection.
Care must be taken to avoid sample hemolysis or hemoconcentration
and to prevent hematoma, vein damage, infection, and discomfort.
The median cubital vein located in the antecubital fossa is the most
commonly used venipuncture site because of easy access, followed
by the cephalic vein and the basilica vein. Sometimes, the wrist area,
forearm, or dorsum of the hand or foot must be used. Blood values
should remain consistent for all of these venipuncture sites.
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Pretest Care

« Diagnostic blood tests may require certain dietary restrictions or
fasting for 8 to 12 hours before the test.

* Drugs taken by the patient should be documented on all appropriate
forms, requisitions, and computer screens because they may affect
results.

* Application of warm, moist compresses to the blood draw site for
10 to 20 minutes before venipuncture or lowering the arm well
below the heart level before the procedure may help distend veins
that are difficult to find. For young children, warming the draw
site should be routine to distend small veins.

* Be ready to provide assistance if the patient becomes lightheaded
or faints.

[T LI

e Strenuous activity immediately before a blood sample draw can alter
results because body fluids shift from the vascular bed to the tissue
spaces and produce circulatory blood hemoconcentration. It may take 20
to 30 minutes of rest and reduced stress to reestablish fluid equilibrium.

e Assess for other interfering factors, including cellulitis, phlebitis,
venous obstruction, lymphangitis, or arteriovenous fistulas or shunts.
To avoid spurious test results because of an actively infusing solution,
do not draw blood above an intravenous (IV) catheter or infusion site.
If necessary, choose a site distal to the IV line site if no other site is
available. Be alert to the fact that hemoconcentration may be caused
by leaving the tourniquet in place for more than 1 minute at a time.

Intratest Care

* Observe standard precautions. Gloves must be worn. If latex
allergy is suspected, use latex-free supplies and equipment.

« Position a snug tourniquet above the puncture site to produce
venous distention (ie, congestion). A blood pressure cuff inflated
to a range between the person’s systolic and diastolic pressure can
also be used.

« For elderly persons, a tourniquet is not always recommended
because of possible rupture of capillaries. Instruct the patient to
make a tight fist. Do not pump the fist, because this activity may
increase plasma potassium levels by as much as 1 to 2 mmol/L,
potentially resulting in a significant diagnostic alteration.

* Disinfect skin area with ChloraPrep and allow to dry.
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To anchor the vein, draw the skin taut over the vein and press the
thumb below the puncture site. Hold the distal end of the vein dur-
ing puncture to decrease the possibility of rolling veins; this is
especially important for the frail elderly with friable, tissue
paper—like skin.
Puncture the vein with the needle bevel up according to accepted
technique. Usually, for an adult, anything smaller than a 21-gauge
needle may make blood withdrawal more difficult and possibly
hemolyze the blood. A Vacutainer system syringe or butterfly nee-
dle system can be used.
Hold the collection device with the needle bevel facing up and the
needle shaft parallel and angled approximately 15 degrees to the
skin. Gently insert the needle into the vein. After the needle enters
the vein, the blood fills the attached vacuum tube automatically
because of a vacuum within the collection tube. If using a syringe,
watch for blood flow back into the needle hub and then gently pull
back on the syringe plunger to withdraw blood.
Transfer the blood from the syringe to the proper vacuum tube by
piercing the tube stopper with the needle still attached to the syringe
containing the blood sample.
Release the tourniquet as soon as adequate blood flow is established
into the sample container and before removing the needle from the
puncture site; otherwise, bruising will occur.
Remove the needle when the sample has been collected, apply
pressure for a few moments, and dress the site with a sterile adhe-
sive strip. The patient should not “bend up” the arm. Instead, keep
the arm straight while exerting pressure for 2 to 4 minutes or until
active bleeding stops.
When drawing multiple samples, carefully remove the full
Vacutainer tube from the Vacutainer holder while keeping the needle
anchored in the patient’s vein. Then insert the next Vacutainer tube
into the holder and collect another blood sample. The following
sequence in which samples must be drawn has been set by the
Clinical and Laboratory Standards Institute (CLSI) (formerly the
National Committee for Clinical Laboratory Standards) and must be
followed:

1. Yellow-top (SPS) tube (for blood culture)

2. Gold-top (SST)/red-top nonadditive tube

3. Light blue—top coagulation tube

4. Light green—top (plasma separator tube [PST])/green-top

additive tube
5. Lavender-top additive tube
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6. Grey-top additive tube

7. Royal blue—top tube with EDTA

8. Royal blue—top tube without EDTA

9. Yellow-top (acid citrate dextrose [ACD]) tube
10. Tan-top tube

* If only a light blue—stoppered coagulation tube is being used for
drawing, a small red-top tube should be used first and then
discarded to avoid contamination of the blue-top tube with tissue
clotting factors.

* After obtaining the blood sample, remove the needle, and discard
it in a biohazard container. Do not recap needles because this
presents a greater risk for injury and exposure to disease for the
phlebotomist.

* Gently invert the collection tubes with a “back-and-forth” motion
7 to 10 times to blend the sample. Do not shake tubes.

* Send the labeled specimen to the laboratory immediately in a bio-
hazard bag, and document pertinent information in the health care
record.

« Keep red-top tubes upright and undisturbed for at least 30 minutes,
but no longer than 1 hour, to allow the blood to clot before centrifu-
gation. If red-top tubes cannot be centrifuged within 1 hour, store
them upright in the kit and in a chilled cooler, and centrifuge
within 8 hours.

« After gloving, centrifuge the red-top tubes at a high speed of at least
2500 to 3400 rpm for at least 15 minutes. Pour the serum from both
tubes into the labeled plastic serum transfer tube without disturbing
the clot, and seal tightly. Serum must be free of RBCs. Recap the
red-top tubes, and for an insurance case, replace in the blood kit.

Posttest Care

* Check the patient and the puncture site. Instruct the patient to lie
down and rest if he or she is anxious, experiences vasovagal syn-
cope, or develops hematomas or signs of sepsis such as chills,
rapid temperature elevation, and a drop in blood pressure. If this
happens, notify the attending physician immediately.

* Cold compresses may be applied to the site if the patient complains
of discomfort.

Patient Aftercare

« If oozing or bleeding from the puncture site continues for
more than a few minutes, elevate the area and apply a pressure
dressing. Observe the patient closely. Ask about the use of
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anticoagulants, NSAIDs, or aspirin-type products. If venous
bleeding is excessive and persists for longer than 10 minutes,
notify the physician.
Occasionally, a patient may become dizzy, faint, or nauseated dur-
ing venipuncture. If this happens, immediately remove the tourni-
quet and terminate the procedure. If possible, place the patient in a
supine position. If the patient is sitting, lower the head between
the legs and have the patient breathe deeply several times. A cool,
wet towel may be applied to the forehead and back of the neck.
If necessary, an ammonia inhalant may be introduced briefly. If
the patient’s status remains unchanged, notify the physician
immediately.
* Hematomas can usually be prevented by the use of proper
technique.
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Generally, do not draw blood from the same extremity being used for the
administration of IV medications or fluids or for blood transfusions.
Only as a last resort, if no other site is available, should this be con-
sidered as the venipuncture site. In this case, the venipuncture site
should be below the IV line site. Avoid areas that are edematous, par-
alyzed, on the same side as a previous mastectomy, are infected, or
exhibit abnormal skin conditions. Sometimes, venipuncture may be
the cause of infection, circulatory or lymphatic impairment, or
prolonged healing.

After two attempts, a physician or highly trained phlebotomist should be
called.

Prolonged tourniquet application causes stasis and hemoconcentration,
which alters test results.

Blood samples may be drawn off central lines. The lines must first be
flushed with saline prior to the blood draw. A physician’s order is nor-
mally required. Agency protocols and guidelines must be strictly fol-
lowed and strict aseptic technique must be maintained.

Arterial Puncture for Arterial Blood

Arterial blood samples are necessary for ABG determinations or
when it is not possible to obtain a venous blood sample. “Arterial
sticks” are usually performed by a physician or a specially trained
nurse or technician because of the potential risks inherent in this pro-
cedure. Samples are normally collected directly from the radial,
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brachial, or femoral artery. If the patient has an arterial line in place
(most frequently in the radial artery), samples can be drawn from the
line. Be sure to record the amounts of blood withdrawn because sig-
nificant amounts can be removed if frequent samples are required.

ABG determinations are used to assess the status of oxygenation,
ventilation, and acid-base balance. Blood gases are also used to mon-
itor critically ill patients, to establish baseline laboratory values, to
detect and treat electrolyte imbalances, to titrate appropriate oxygen
therapy, and to qualify a patient for home oxygen use. Arterial punc-
ture sites must satisfy the following requirements:

« Sites must have available collateral blood flow.
« Sites must be easily accessible.
* Sites must be relatively nonsensitive as periarterial tissues.

Pretest Care

* Assess patient for the following contraindications to an arterial

stick or indwelling arterial line in a particular area:

Absence of a palpable radial artery pulse

A positive Allen’s test result, which shows only one artery supply-
ing blood to the hand

Negative modified Allen’s test result, which indicates obstruction
in the ulnar artery (ie, compromised collateral circulation)

Cellulitis or infection at the potential site

Presence of arteriovenous fistula or shunt

Severe thrombocytopenia (blood platelet count 20,000/mm”)

Prolonged prothrombin time or partial thromboplastin time (>1.5
times the control is a relative contraindication)

A Doppler probe or finger pulse transducer may be used to

assess circulation and perfusion in dark-skinned or uncoopera-

tive patients.

Before drawing an arterial blood sample, record the patient’s most

recent hemoglobin concentration, mode and flow rate of oxygen,

and temperature. If the patient has been recently suctioned or

placed on a ventilator or if delivered oxygen concentrations have

been changed, wait at least 15 minutes before drawing the sample.

This waiting period allows circulating blood levels to return to

baseline levels. Hyperthermia and hypothermia also influence

oxygen release from hemoglobin at the tissue level.

Intratest Care

* Observe standard precautions and follow agency protocols for the
procedure.

 Have the patient assume a sitting or supine position.
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* Perform a modified Allen’s test by encircling the wrist area and
using pressure to obliterate the radial and ulnar pulses. Watch for
the hand to blanch and then release pressure only over the ulnar
artery. If a positive test result is obtained, flushing of the hand is
immediately noticed, indicating that circulation to the hand is ade-
quate. The radial artery can then be used for arterial puncture. If
collateral circulation from the ulnar artery is inadequate (ie, nega-
tive test result) and flushing of the hand is absent or slow, then
another site must be chosen. An abnormal Allen’s test result may
be caused by a thrombus, an arterial spasm, or a systemic problem
such as shock or poor cardiac output.

Elevate the wrist area by placing a small pillow or rolled towel
under the dorsal wrist area. With the patient’s palm facing upward,
ask the patient to extend the fingers downward, which flexes the
wrist and positions the radial artery closer to the surface.

Palpate for the artery, and maneuver the patient’s hand back and
forth until a satisfactory pulse is felt.

Swab the area liberally with an antiseptic agent such as
ChloraPrep.

Optional: Inject the area with a small amount (<0.25 mL) of 1%
plain Xylocaine (lidocaine), if necessary, to anesthetize site.
Assess for allergy first. This allows for a second attempt without
undue pain.

Note: Do not use Xylocaine that contains epinephrine; it causes
blood vessel constriction and makes the arterial puncture
difficult.

Prepare a 20- or 21-gauge needle on a preheparinized, self-filling
syringe, puncture the artery, and collect a 3- to 5-mL sample. The
arterial pressure pushes the plunger out as the syringe fills with
blood. (Venous blood does not have enough pressure to fill the
syringe without drawing back on the plunger.) Air bubbles in the
blood sample must be expelled as quickly as possible because
residual air alters ABG values. The syringe should then be capped
and gently rotated to mix heparin with the blood.

When the draw is completed, withdraw the needle, and place a 4 X
4-in absorbent bandage over the puncture site. Do not recap nee-
dles; if necessary, use the one-handed mechanical, recapping, or
scoop technique, or commercially available needles [eg, B-D
Safety-Glide™ (Franklin Lakes, NJ) or Sims Portex Pro-Vent®
(Keene, NH)]. Maintain firm finger pressure over the site for a
minimum of 5 minutes or until there is no active bleeding evident.
After the bleeding stops, apply a firm pressure dressing but do not
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encircle the entire limb, which can restrict circulation. Leave this
dressing in place for at least 24 hours. Instruct the patient to report
any signs of bleeding from the site promptly and apply finger
pressure if necessary.

* Place the sample on ice slurry, and place it in a biohazard bag for
transport to the laboratory. Putting the sample on ice prevents
alterations in gas tensions because metabolic processes within the
sample otherwise continue after blood is drawn.
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» Metabolizing blood cells can quickly alter blood gas values (primarily
Pao,) at normal body temperature (37°C). This occurs much slower at
0°C (ie, temperature of ice water). An iced sample should remain sta-
ble for at least 1 hour. Any sample not placed in ice should be tested
within minutes after it is drawn or else discarded. The main effect of
cellular metabolism decreases Po,. Several studies have shown a
remarkable fall in Pao, if the blood contains more than 100,000 white
blood cells/mm? (ie, leukocyte larceny), even when the sample is on
ice. A white blood cell count of this magnitude (usually in leukemia)
should mandate special handling, such as running the sample immedi-
ately. Alternatively, check the patient’s oxygen saturation by pulse
oximetry, which is not affected by extreme leukocytosis.

Label the sample with patient’s name, identification number, and date
and time procured and indicate the type and flow rate of O, therapy or
whether the patient was on “room air.” Do not use blood for ABGs if
the sample is more than 1-hour old.

In clinical settings such as the perioperative or intensive care environ-
ment, ABG studies usually include pH, Pco,, So,, total CO, content
(Tco,), 0, content, Po,, base excess or deficit, HCO5, hemoglobin,
hematocrit, and the electrolytes chloride, sodium, and potassium.

Posttest Care

* Posttest assessment of the puncture site and extremity includes
color, motion, sensation, degree of warmth, capillary refill time,
and quality of the pulse.

* Frequently monitor the puncture site and dressing for arterial
bleeding for several hours. The patient should not use the extremity
for any vigorous activity for at least 24 hours.
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Some patients may experience lightheadedness, nausea, or vasovagal syn-
cope during the arterial puncture. Treat according to established protocols.

Monitor the patient’s vital signs and mental function to determine ade-
quacy of tissue oxygenation and perfusion.

The arterial puncture site must have a pressure dressing applied and fre-
quently assessed for bleeding for several hours. Instruct the patient to
report any bleeding from the site and to apply direct pressure to the
site if necessary.

For patients requiring frequent arterial monitoring, an indwelling arterial
catheter may be inserted. Follow agency protocols for obtaining arterial
line blood samples. Procedures vary for neonates and pediatric and adult
patients (see Arterial Blood Gases (ABGS), Blood Gases in Chapter 3).

Label all specimens appropriately and document pertinent information in
the health care record.

@ Nursing Protocols for Urine
Specimen Collection

Urine specimen testing is a useful indicator for determining a healthy
or a diseased state (eg, renal or liver function). It is an integral part of
a comprehensive patient examination. Moreover, urine is a readily
available and easily collected specimen, and simple laboratory urine
tests can reveal much information about the body’s functions.

If it is necessary to determine whether a particular fluid is urine,
the specimen can be tested for its urea and creatinine content. Both of
these substances are more highly concentrated in urine than in any
other body fluids.

Because the composition and concentration of urine changes con-
tinuously through any given 24-hour period, different types of speci-
mens are ordered. They may include a single, random specimen; sec-
ond (double)-voided specimen; timed specimen; pediatric specimen;
clean-catch midstream specimen; catheter specimen; first morning
specimen; fasting specimen; and suspected substance abuse speci-
men. Random, second-voided, and clean-catch midstream specimens
can be collected any time, whereas first morning, fasting, or timed
specimens require collection at specific times.

Dipsticks
Although laboratory facilities allow for a wide range of urine tests, some
types of tablets, tapes, and dipstick tests are available for urinalysis
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outside the laboratory setting. They can be used and read directly by
patients or clinicians.

Similar in appearance to small pieces of blotter paper on a plastic
strip, dipsticks function as miniature laboratories. These chemically
impregnated reagent strips can provide quick determinations of pH,
protein, glucose, ketones, bilirubin, hemoglobin (blood), nitrite (bacte-
ria), leukocyte esterase, urobilinogen, and specific gravity. Dipsticks
are also available to test for phenylketonuria, salicylates, and cystin-
uria. The dipstick is impregnated with chemicals that react with spe-
cific substances in the urine to produce color changes that are matched
to predetermined color-coded scales. The color produced when the
urine comes in contact with the reagent strip correlates with the con-
centration of the substance in the urine. Directions for elapsed times
between the time the dipstick is in contact with the urine sample and the
time the test is read must be observed for the most accurate results. The
prescribed elapsed time can vary, depending on which test is being
done. More than one type of test may be incorporated on a single stick
(eg, pH, protein, and glucose). In this case, the chemical reagents for
each test are separated by a water-impermeable barrier made of plastic
so that results of each test do not become altered.

If an entire voided amount is to be saved, instruct the patient to
use toilet tissue after transferring all of the urine from the voiding
collection container to the specimen container or bottle. Toilet tissue
or other materials placed within the specimen absorb some of the
urine available and may also contaminate the specimen. Results of
the test could be skewed.

Feces can also contaminate urine specimens. Patients should void
and transfer the urine to the collection of specimen receptacle before
defecating.

If other discharges, secretions, or a heavy menstrual flow is pres-
ent, the test may have to be postponed, or an indwelling catheter may
need to be inserted to keep the urine specimen free of contamination.
In some cases, thorough cleaning of the perineal or urethral area
before voiding may be sufficient. If in doubt, communicate with lab-
oratory personnel or the patient’s physician.

Using Dipstick Reagent Strips

* Use a fresh urine sample (ie, within 1 hour of voiding or a sample
that has been refrigerated).

* Review directions for use of the reagent. Periodically check for
changes in procedure, especially if the product is “improved.”

* Dip the reagent strip into well-mixed urine, remove it, and
compare each reagent area on the dipstick with the corresponding
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color-control chart according to the established time frames for
reading results. Match colors as closely as possible, and record
corresponding results on the health care record.

o If dipsticks are kept in the urine sample too long, the impregnated
chemicals in the strip may be dissolved and may produce inaccu-
rate readings and values.

« If the reagent chemicals on the impregnated pad become mixed,
the readings will be inaccurate. To avoid this, if not contraindicated,
blot off excess urine (by turning the strip on its side onto a piece
of paper towel and allowing excess urine to be drawn off—never
blot with the reagent strip face down) after withdrawing the
dipstick from the urine sample.
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Precise timing is essential. If not timed correctly, color changes may pro-
duce invalid or false results.

The container of unused dipsticks should be kept tightly closed to keep
the contents dry, and it should be stored in a cool, dry environment. If
the reagents absorb moisture from the air before they are used, they
cannot produce accurate results. If a desiccant comes with the
reagents, it should be kept in the container.

Follow quality control protocols. Honor expiration dates, even if there is
no detectable deterioration of strips. Discard bottles 6 months after
opening, regardless of expiration date, unless instructed to dispose of
sooner. When opening a new bottle of strips, write the date it was
opened on the bottle.

Known positive and negative (abnormal and normal) controls must be
run with each new bottle of reagent strips opened and whenever
there is a possibility of deterioration.

Nursing Interventions

Pretest Care

« Patient teaching varies according to the type and amounts of urine
specimen required and the patient’s ability to understand and
cooperate with specimen collection. To obtain a specimen that is
truly representative of a patient’s metabolic state, it is often neces-
sary to regulate certain aspects of specimen collection (eg, time
and length of collection period, patient’s dietary and medicinal
intake, the collection method itself).

* Clear instructions reinforced with written information and pictures
or diagrams are key to a successful outcome.
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* Provide the patient with the proper urine containers and supplies.
* Assess for interfering factors that may affect test outcomes,
including the patient’s use of illegal drugs, strenuous activity (ie,
causes proteinuria), time of day (ie, urine is concentrated in the
early morning), food consumption (ie, glycosuria increases after
meals), and the presence of fecal material, toilet paper, vaginal
discharge, blood, or semen. These may contaminate and invalidate
the specimen. The specimen should be refrigerated or kept in a
cool place during the collection period. Urine is an excellent cul-
ture medium, and many of its components decompose quickly at
room temperature. Failure to follow collection instructions, inade-
quate fluid intake, certain medications, certain foods, or urine con-
tainers contaminated with detergent or sodium chloride may also
interfere with accurate test results.

Assess the patient’s usual urinating habits and encourage fluid
intake (unless contraindicated).
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* False-positive or false-negative urine test results may be caused by
several factors: failure of the patient or health care worker to follow the
proper procedure (ie, most common source of error), specimen contami-
nation, presence of certain organisms, timing of specimen collection,
specimen handling, presence of interfering substances (eg, glucose,
ascorbic acid, urine cells, bacteria), urine properties (eg, pH, specific
gravity, concentrated urine), and physiologic factors (eg, exercise, expo-
sure to cold, prolonged recumbent position, and physical illness).

* |n a health care facility, responsibility for the collection of urine speci-
mens should be specifically assigned.

Intratest Care

 Observe standard precautions.

« Ensure that specimens are voided into clean receptacles,
transferred into urine specimen containers, and properly sealed.

» Examine urine for amount, odor, color, appearance, blood, mucus,
or pus. Document observations.

« Label specimens accurately. Leaking containers are a biohazard to
any person handling them and may be rejected.

* Place the specimens in a biohazard bag and send them to the labo-
ratory immediately after collection. Refrigerate the specimen if a
delay occurs.

* Transport the specimen according to established protocols.
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Random Collection Specimen

 The randomly collected specimen is the most commonly requested
specimen.

* These specimens may be collected at any time, but early morning
specimens are more concentrated and best for routine urinalysis.

* Provide the patient with the proper container and appropriate
instructions before the test. The patient should void directly into
the container.

Second-Voided Specimen

» Some diseases or conditions (eg, diabetes testing) require second-
voided specimens.

* These specimens provide less concentrated urine but more accu-
rately reflect the urine components.

« Instruct the patient to void and discard the first urine specimen and
then drink one glass of water to stimulate urine production. The
patients voids 30 minutes later into the proper receptacle.

First Morning and Fasting Collections

 Because it is collected after rest and sleep, the first-voided morning
specimen is particularly valuable because it is usually more con-
centrated and more likely to reveal abnormalities and the presence
of formed substances, as well as being relatively free of medication,
dietary, and physical activity influences.

« Instruct the patient to void and discard urine at bedtime. For a
fasting specimen, restrict food and fluids after midnight.

* Collect the first void in morning. Patients who must void during
the night should note the time between the last night voiding and
the time of the specimen collection on the specimen label (eg,
“urine specimen, 3:20 AM—8:00 AM”™).

Clean-Catch Midstream Specimen

* The clean-catch method is often used for random collection to
reduce the presence of bacterial counts, contaminants, feces,
discharges, vaginal secretions, and menstrual blood. The
urethral area is thoroughly cleaned with an antiseptic wash
before voiding.

 For males, clean or instruct the patient to clean the tip of the penis
with antiseptic swabs by wiping in circular motion away from the
urethra.

* For females, separate the labia or instruct the patient to do so before
cleaning and during collection. Clean each side of the urinary
meatus first and then down the center as the last wipe. Always
wipe from front to back.
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* Instruct the patient to initiate voiding into the toilet, urinal, or bed-
pan first. The patient stops voiding briefly and then voids into a
sterile collection container, taking care not to contaminate the
inner surface of the collection container or inside portion of the
container lid. Collect at least 10 mL of midstream urine. Pour the
urine into a sterile transport container, cap the container securely,
and invert to dissolve the preservative tablet.

Timed Urine Specimen Collection

* Specimens are collected over a specific period. Collection may take

2 hours or as long as 24 to 48 hours. Because substances excreted

by the kidney are not excreted at the same rate or in the same

amounts during different periods of the day and night, a random
urine specimen may not give an accurate picture of the metabolic
processes taking place over a 24-hour period. For measurement of
total urine protein, creatinine, electrolytes, and other substances,

more accurate information is obtained from urine collected over a

24-hour period.

The 24-hour collection involves collecting the urine specimen into

a suitable receptacle that contains an added preservative or keeping

it refrigerated (or both) until transport to the laboratory. Explain

the procedure to the patient carefully and provide written instruc-
tions if possible. The total urine specimen must be collected for
the designated time period. If any part of the specimen is lost, the
entire collection process must start over; otherwise, the results
will be inaccurate.

» Emphasize dietary, drug, or activity restrictions. Some of these
apply for several days before the test.

* Use the appropriate collection container for the test. Some tests
require preservatives or specimen refrigeration. Label the
container properly. Include the times the test begins and ends.

A sign that warns “SAVE ALL URINE” signals everyone that a spec-

imen collection is in progress.

* The patient is asked to void immediately before beginning the
timed collection. Discard this urine and record this time. From
this time forward, collect all urine for the designated time
period. Transfer it to the proper container after each voiding.
The time the collection begins and ends should be noted on the
container. It may be helpful to post a sign above the toilet stating
that urine collection is in progress with the beginning and end
times noted. At the end of the specified period, the patient
should void the last collected specimen to complete the
collection process.
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The 24-Hour Urine Collection
Most 24-hour urine collections start in the early morning. Instruct the
patient to do the following:

Empty the bladder completely on awakening and discard this urine
specimen. Record the time this voided specimen is discarded. This
is the time when the test begins. All urine voided during the next
24 hours is collected into a large container (usually glass or poly-
ethylene) and labeled with the patient’s name, time frame for
collection, test ordered, and other pertinent information. It is not
necessary to measure the volume of individual voidings unless
specifically requested.

A urinal, wide-mouth container, special toilet catch basin (device),
bedpan, or the collection container itself can be used to catch
urine. It is probably easier for women to void into another wide-
mouth receptacle first and then to carefully transfer the entire
specimen to the collection bottle. Men may find it simpler to void
directly into the collection container.

To conclude the process, the patient voids 24 hours after the first
voiding or as close to the end time as possible. This specimen
must be added to the container.

If indicated, the container should be refrigerated or placed in ice
for the duration of the test and until it can be transferred to the
laboratory.

Test results are calculated on the basis of a 24-hour output. Unless
all the urine is saved, results will be inaccurate. Because these tests
are usually expensive and complicated to process, care should be
taken to comply with instructions and to ensure the patient and oth-
ers involved in the process understand the activities necessary for
this test. Specific written instructions for patients are highly recom-
mended because they lessen the risk of misinterpreting directions.
In a health care facility, nonrefrigerated samples may be kept in a
specified area, usually the patient’s bathroom. If refrigeration is
necessary, refrigerate the urine specimen immediately in a desig-
nated refrigerator, or place the collection bottle into an iced con-
tainer and renew the ice as necessary. At home, the same focus
may be adapted to that environment, with attention to child-
proofing the area if necessary.

In a health care facility, assign the responsibility for collecting
urine specimens to designated individuals on each shift.

Do not predate and pretime requisitions for serial collections. It is
difficult for some patients to void at specific times. Instead, mark
actual times of collection on containers.
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* Documenting the exact times the specimens are obtained is crucial
to many urine tests.

* When a preservative is added to the collection container, the
patient must be instructed to take precautions against spilling the
contents. A caution sign should be placed on the specimen
container to warn the patient of caustic or toxic substances present
and to explain how accidental spillage should be handled. The
container should be placed in a child-proof area.

* The preservative used is determined by the urine substance to be
tested. The laboratory usually provides the container and proper
preservative. If in doubt, verify this with the laboratory personnel.

Posttest Care

 Observe standard precautions when handling specimens. Wear
gloves and wash hands according to protocols. Document the type
of specimen; test ordered; disposition of the specimen; color,
amount, odor, and appearance of urine; and time collected. Trans-
fer specimens to the laboratory. If unable to do so immediately,
refrigerate the specimen (unless contraindicated) until transfer
occurs.

If appropriate, use a transport kit. Many laboratories require the
person who collects the specimen to pour the urine into a special
transport tube containing a tablet or substance designed to prevent
alterations of formed elements (eg, casts, cells) and chemical
properties due to bacterial overgrowth. Cap the tube securely and
invert to dissolve preservatives (if so instructed). Clean the outside
of the receptacle (if soiled) and place it in a biohazard bag.

Pediatric Specimens

« For infants, essentially the same basic collection procedures are
used for all types of urine specimens. Thoroughly clean and dry
the urethral area with the infant in the supine position, with the
hips externally rotated and abducted and the knees bent (ie, frog
position). Then apply the urine collection bag.

* For boys, apply the device over the penis and scrotum and press
the flaps of the collection bag closely against perineum to ensure a
tight fit.

« For girls, apply the device to the perineal area by starting at the
point between anus and vagina and working toward the pubic
area.

 Loosely cover the collection bag with a diaper to prevent dislodg-
ing. If possible, elevate the infant’s upper body to facilitate
drainage into the collection bag.
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Suprapubic Aspiration

 Suprapubic urine aspiration is done when a sample free of extra-
neous contamination is needed. This method is often used with
infants and young children when it is difficult to obtain a sterile
specimen for microbiologic examination or cytologic analysis.

« If possible, the patient should not void before this test and should
drink sufficient fluids to ensure urine in the bladder.

* The skin over the suprapubic area is cleaned with an antiseptic
agent and draped with sterile drapes. A local anesthetic can be
injected around the area through which aspiration is planned.

« Using sterile technique, a sterile needle is inserted through the
abdominal wall above the symphysis pubis and advanced into the
full bladder.

* A syringe is used to aspirate at least 1 mL of the sterile urine.

* The specimen is transferred to a sterile urine culture container and
the needle is removed.

* A sterile dressing is applied to the site and the area is observed for
leakage, bleeding, inflammation, or any other abnormal drainage.
A small amount of urine leakage is normal for 24 hours.

Collection of Urine From a Catheter

« Follow agency protocols for a one-time catheterization. Allow a few
milliliters of urine to drain out of the catheter before collecting the
specimen (at least 1 mL) into a sterile container. If an indwelling
catheter is in place, clamp the catheter for 30 minutes before
collection unless contraindicated (eg, after bladder surgery). Wipe
the sample port of the catheter with an alcohol swab, insert an
adaptor into the port, aspirate the urine sample with a syringe, and
transfer the sample to a sterile specimen container.

« If the catheter is self-sealing rubber (never with silicone or
plastic), the process used is the same, except that the catheter is
pierced near the area where it attaches to the collection bag.

* Important: Unclamp the catheter after the specimen is collected,
unless it was specifically ordered to be clamped.

Urine Collection for Drug Investigation

* Urine is collected for suspected substance use or abuse to identify
certain classifications of ingested drugs, including sedatives,
depressants, stimulants, and hallucinogens, that can be detected in
urine. Urine testing is preferred over blood testing because most
drugs (except alcohol, blood testing is preferred) are detectable in
urine for longer periods. Urine tests can also confirm clinical or
after-death diagnoses and identify ethanol abuse, trauma, the pres-
ence of other drugs, or underlying psychosis. They are used as a
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basis for hemodialysis, to test for drug abuse in the workplace, for
pre-employment screening, and to test prisoners and parolees. This
is an economical, noninvasive procedure, the specimen is relatively
easily obtained, and the test is easily done.

* When urine is collected for suspected drug use or abuse, the patient
must be informed that the collection must be witnessed. The
reporting protocol for test results and their possible implications
should be addressed at the same time.
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National Institute for Drug Abuse (NIDA)-approved laboratory standards
have stringent requirements. At the collection site (eg, bathroom),
place toilet bluing markers in the toilet tank and use tamper-proof
tape on water faucet and soap dispensers to prevent water access for
specimen dilution.

A signed informed consent and photo identification of the subject are
required. Extra outer garments need to be removed and left outside
the bathroom. Provisions are made for personal privacy during speci-
men procurement.

Direct the subject to void a random sample of 60 to 100 mL of urine into
the clean specimen cup. The toilet may not be flushed at any time.

On receipt of the voided specimen from the subject, the witness trans-
fers the contents of the cup into the laboratory specimen bottle. The
subject is present during the entire transfer procedure (viewing this
and the following procedure).

Check and record any visible signs of contamination (eg, sediment, dis-
coloration).

The entire procedure must be witnessed by a trained, designated indi-
vidual who is legally responsible to ensure that the 50-mL specimen
has been obtained from the correct patient.

Affix a temperature-sensing strip to the specimen bottle and read and
record the temperature within 4 minutes of specimen collection. Tem-
perature strips and collection containers must be at room temperature
(urine temperature must be between 90°F and 98°F).

Very firmly screw down the cap onto the laboratory specimen bottle to
seal it. The rim of the specimen bottle should be dry.

Affix one end of the tamper-evident tape to the side of the specimen bot-
tle. Record the date collected and have the donor initial the evidence
tape. Wrap the tamper-evident tape across the top of the bottle and
overlap the free end of the tape with the other end to discourage
tampering with the specimen.
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Seal the specimen bottle in a zip-lock bag with absorbent material.

After sealing, have the subject sign and date the Drug Screen Request
Form in the space provided. The collector then signs, dates, and pro-
vides a telephone number on the Drug Screen Request Form, indicat-
ing that all of the above steps have been followed. Every person who
handles the sample thereafter must also sign the form (ie, chain-of-
custody procedure).

Put the original and the first copy of the Drug Screen Request Form and
the sealed laboratory specimen bottle into the shipping container and
seal it. Place tamper-evident tape across the seal.

Retain the third copy of the form for agency records.

Give the fourth copy of the form to the subject, or send it to the company
or place of employment, as required.

The foregoing procedure is an example of the chain of custody. A chain-
of-custody document is originated at the time the sample is collected.
The subject and the individual who witnessed specimen collection
must sign and date the document, as does every person who handles
the sample thereafter. The sealed chain-of-custody specimen bag
remains in the possession and control of the collector or is kept ina
secured area until shipment to the testing facility. Sealed collections
are placed in large shipping cartons or specially designated bags.

After initial and confirmatory testing, the sample is resealed in a labeled
bag and securely stored for 30 days or longer. All records of tests
done on the sample and the chain-of-custody report must be carefully
maintained.

The test results should be released only to predesignated, authorized
persons to lessen the risk of false or speculative information being
communicated to inappropriate persons.

Several factors may interfere with accurate outcomes and could cause
incorrect or false-positive or false-negative results: higher or lower
pH than normal; presence of blood, sodium chloride, detergents, or
other contaminants; or low specific gravity.

@ Nursing Protocols for Stool
Specimen Collection

Stool examination is often done for evaluation of gastrointestinal dis-
orders such as bleeding, gastrointestinal obstruction, obstructive
jaundice, parasitic disease, dysentery, ulcerative colitis, and increased
fat excretion (see Stool Analysis in Chapter 3).
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Stool Testing
Stool analysis determines various stool properties for diagnostic pur-
poses. Some of the more frequently ordered fecal tests include those
for leukocytes, blood, fat, ova and parasites, and pathogens. Stool is
also examined in the laboratory by chromatographic analysis for the
presence of gallstones. The recovery of a gallstone from feces may
provide the only proof that a common bile duct stone has been dis-
lodged and excreted. Stool testing also screens for colon cancer and
asymptomatic ulcerations or other gastrointestinal tract masses and
evaluates for gastrointestinal diseases in the presence of diarrhea or
constipation. Stool testing is done in immunocompromised persons
to test for parasitic diseases. Fat analysis is the gold standard to diag-
nose malabsorption syndrome.

Collection of stool for fecal studies is usually a one-time, random
specimen collection. However, some studies may require more exten-
sive samples (eg, occult blood or fat).

Nursing Interventions

Pretest Care

 Explain the purpose, procedure, and interfering factors related to
stool specimen collection. Because the specimen cannot be obtained
on demand, it is important to provide detailed written and verbal
instructions before the test so that the specimen is collected when
the opportunity presents itself.

* Assess for interfering factors. Ingesting certain foods (eg, red
meat) may alter occult blood test results. Barium sulfate or cer-
tain medications such as tetracyclines, antidiarrheal agents,
bismuth, oil, iron, or magnesium affect parasite detection and
may interfere with accurate results. Certain disease states such
as malabsorption syndrome can also affect accurate test
outcomes. Specimen contamination with urine or toilet tissue
(especially paper towels or toilet tissue containing bismuth) or
not procuring a representative sample of the entire stool may
result in inaccurate test results. Lifestyle, personal habits,
travel, working patterns, home environment, and bathroom
accessibility are other factors that may interfere with proper
sample procurement.

Intratest Care

* The type of stool analysis ordered determines the collection process.
Observe standard precautions when procuring and handling fecal
specimens to avoid contact with pathogens (eg, hepatitis A virus,
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Salmonella, Shigella) (see Appendix). Patients need to be instructed
in proper hand-washing techniques. Provide for and respect the
patient’s privacy.

Provide the proper container and other supplies. Collect feces
in a dry, clean, urine-free container that has a properly fitting
cover.

Stool may be evacuated into a clean, wide-mouth container or a
clean, dry bedpan. At home, any clean, disposable plastic
container may be used, such as food item containers that have
been thoroughly washed and dried. The specimen should not be
contaminated with urine, water, toilet tissue, toilet bowl cleanser,
or body secretions such as menstrual blood. Do not collect stool
from the toilet bowl. Stool can be collected from the diaper of an
infant or incontinent adult. Samples can also be collected from
ostomy bags. If the patient has diarrhea, a large plastic bag
attached by adhesive tape to the toilet seat may be helpful in the
collection process. After defecation, the bag can be placed into a
gallon container.

Specimens for most tests can also be produced by the use of a
warm saline enema or Fleet Phospho-Soda enema.

Post signs in bathrooms that say “SAVE STOOL” to serve as
reminders that fecal specimen collection is in progress.

Observe standard precautions while transferring the entire
specimen to a container with a clean tongue blade or similar
object. Inaccurate test results may occur if the sample is not
representative of the entire stool evacuated. One inch or 1 oz of
liquid stool may be sufficient for some tests. Other tests may
require the first, middle, and last parts of the stool. Include
blood, pus, mucus, and any other unusual-appearing parts of
the sample. Dispose of remaining stool and supplies in the
usual manner.

For best results, cover the specimens, label them properly, and
seal the container in a biohazard bag. Deliver the specimen to
the laboratory as soon as possible after collection. Depending
on the examination to be performed, the specimen should be
refrigerated or kept warm. If unsure of handling procedures,
contact the laboratory for detailed instructions concerning the
disposition of the fecal specimen before collection is even
begun.

Document information about stool appearance characteristics,
tests ordered on the specimen, and other relevant information in
the health care record.
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Rejection of the stool specimen and false-negative or false-positive
results may result from inadequate specimen sampling; improper speci-
men collection; patient noncompliance in following pretest instructions;
ingestion of certain medications (eg, laxatives, antidiarrheals, antibiotics,
barium); specimen contamination with water, urine, toilet tissue, or men-
strual blood; or delay in transporting the specimen for analysis.

Certain stool specimen collection and transport protocols may require
strict adherence to procedures. If clarification is necessary, contact
laboratory personnel before collection begins. Stool containing enteric
pathogens or ova and parasites is highly infectious. It is important to
wear gloves, follow proper hand-washing techniques, and observe
standard precautions (see Appendix). Instruct patients in proper hand-
washing techniques to be used after each bathroom visit.

Collect stool specimens for enteric pathogens before initiating antibiotic
therapy and as early in the course of the disease as possible. A diarrheal
stool usually gives accurate results.

If mucus or blood is present in the stool, it should definitely be included
with the specimen because pathogens are more likely to be present. If
only a small amount of stool is available, a walnut-sized specimen is
usually adequate.

For the best pathogen preservation and transport, Cary-Blair solution
vials should be used.

Refrigerate the specimen immediately (unless specifically prohibited)
because some coliform bacilli produce antibiotic-like substances that
destroy existing enteric pathogens.

Collect a warm stool specimen for identifying suspected ova and para-
sites. Do not refrigerate the specimen. Because of the cyclic life cycle
of parasites, three separate, random stool specimens should be sub-
mitted for analysis. Special vials containing 10% formalin and
polyvinyl alcohol (PVA) fixative may also be used for ova and parasite
stool samples. In this case, maintaining a warm specimen storage
temperature is not critical to the test process.

Use the Scotch® (clear cellulose) tape method for suspected pinworm
eggs. The procedure must be followed exactly. The specimen is best
obtained a few hours after the patient has retired for the evening, or
early in the morning before defecation. Clear Scotch® tape (nontrans-
parent tape produces unsatisfactory results) is placed around the peri-
anal area to trap the eggs, which are laid at night by the female
pinworm.
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* Collection of ova and parasite cultures for enteric pathogen tests may
be ordered together. In this case, the specimen should be divided into
two samples: one portion refrigerated for culture testing and the other
portion kept at room temperature for ova and parasite testing. Com-
mercial collection kits for divided specimens are available.

Posttest Care

* Provide the patient the opportunity to clean his or her hands and
perianal area. Assist if necessary.

* Pretest medications and diet may be resumed as prescribed.

¢ Inform the patient when he or she may reasonably expect test
result reports. This time depends on prescribed tests and the loca-
tion of testing facility.

* Inform the patient that testing may need to be done and treatment
ordered (especially for ova and parasites) for other family
members or significant others to eradicate the disease.

@ Nursing Protocols for Collecting
Microbiologic Specimens

Overview of Microbiologic Studies

Diagnostic Testing and Microbes

In diagnostic testing, microorganisms are referred to as pathogens. The
word pathogenic is usually defined as causing infectious disease, but
organisms that are pathogenic under one set of conditions may under
other conditions reside within or on the surface of the body without
causing disease. When these organisms are present but do not cause
harm to the host, they are called commensals. When they begin to mul-
tiply and cause tissue damage, they are considered pathogens, with the
potential for causing or expanding a pathogenic process. Many newly
discovered organisms have clinical relevance. Some organisms that
were formerly considered as insignificant contaminants or commen-
sals have taken on the roles of causative agents for opportunistic dis-
eases in patients with HIV infection, other immunodeficiency syn-
dromes, and other diseases associated with a compromised health
state. Consequently, virtually any organism recovered in pure culture
from a body site must be considered a potential pathogen.

Sources of Specimens
Microbiologic specimens are collected from many sources, such as
blood, pus, or wound exudates or drainage, urine, sputum, feces, genital
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discharges or secretions, cerebrospinal fluid, and eye or ear drainage.
During specimen collection, specimens should be labeled properly with
the following information (institutional requirements may vary):

« Patient’s name, age, sex, address, hospital identification numbers,
date and time, and prescribing physician’s full name

» Exact specimen source (eg, throat, conjunctiva)

* Times when the collection was begun and was completed

* Specific studies ordered

* Clinical diagnosis and suspected microorganisms

« Patient’s history

« Patient’s immune status

* Previous and current infections

* Previous or current antibiotic therapy

« Isolation status—state type of isolation (eg, respiratory, wound)

¢ Other pertinent information

During specimen collection, maintain aseptic or sterile technique
to avoid contaminating the specimen. Assemble special supplies such
as sterile specimen containers and specifically designated kits. Several
precautions apply:

* Maintain clean container outer surfaces.

 Use appropriately fitting covers or plugs for specimen tubes and
bottles.

* Replace contaminated plugs and caps with sterile ones.

* Observe standard precautions.

* Deliver specimens to the laboratory as soon as possible.

Many specimens may be refrigerated (not frozen) for a few hours
without any adverse effects. Several precautions apply:

* Urine culture samples must be refrigerated.

* Cerebrospinal fluid specimens should be transported to the labora-
tory as soon as possible. If this is problematic, the culture should
be incubated at 37°C (ie, body temperature); a suspected meningo-
coccal organism cannot withstand refrigeration.

» Specimens should be promptly transported to the laboratory to
preserve the integrity of the specimen. For anaerobic microbe cul-
tures, no more than 10 minutes should elapse between the time of
collection and start of the culture process. Anaerobic specimens
should be placed into a butyl-rubber—stoppered, gassed-out glass
tube or CO,-containing transport medium. Fecal specimens
suspected of harboring Salmonella or Shigella organisms should
be placed in a special transport medium, such as buffered glycerol
with saline, if there will be a delay in culturing of the specimens.
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 Obtain the correct quantity of specimen. With few exceptions, this
quantity should be as large as possible. When a very small quantity
is available, the sterile swabs used should be moistened with sterile
saline just before collection, especially for nasopharyngeal cultures.

 Time the specimen collection correctly. If possible, specimens
should be collected before antibiotic regimens are instituted. For
example, complete all blood culture sampling before starting
antibiotic therapy.

* Specimen collection times must also be matched to the onset of
symptoms such as fever. The practitioner should become familiar
with the clinical course of the suspected disease and its implications
for specimen collection.

Basics of Infectious Disease

Infectious diseases cause pathologic conditions. There are observ-
able physiologic and other human responses to the invasion and mul-
tiplication of the offending microorganisms. After an infectious dis-
ease is suspected, appropriate cultures should be done, or nonculture
techniques, such as serologic testing for antigens and antibodies,
monoclonal antibodies, and DNA probes, should be used. Proper
specimen collection and other appropriate tests are necessary to
detect and diagnose the presence of the microorganism.

Nursing Interventions

Pretest Care

Explain the need for testing and its relation to the treatment of infec-
tious disease. The opportunity for infection to occur depends on host
resistance, organism volumes, the ability of the organisms to find a
portal of entry into the host, and the ability of the microbes to over-
come host defenses, to invade tissues, and to produce toxins. Organ-
isms may become seated through inhalation, ingestion, direct contact,
inoculation, breaks in natural skin or mucous membrane barriers,
changes in organism volumes, alterations in normal flora balances, or
changes in other host defense mechanisms.

Assess for factors that influence the development of an infectious
disease such as the patient’s general health, normal defense mecha-
nisms, previous contact with the offending organism, clinical history,
and the type and location of infected tissue. Mechanisms of host
defense and resistance are detailed in the following sections.

Primary Host Defenses

* Anatomic barriers include intact skin surfaces, nose hairs, respira-
tory tract cilia, coughing, flow of respiratory tract fluids and
mucus, swallowing, and gastrointestinal tract peristalsis.
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 Physiologic barriers include high or low pH and oxygen tension
(ie, prevents proliferation of organisms), chemical inhibitors to
bacterial growth such as protease, bile acids, active lysozymes in
saliva and tears, and fatty acids on skin surfaces.

Secondary Host Defenses

 Physiologic barriers include the responses of complement,
lysozymes, opsonins, and secretions; phagocytosis; IgA, IgG, and
IgM antibody formation; and cell-mediated immune responses.

Decreased Host Resistance Factors

* Age; the very young and very old are more susceptible; the pres-
ence of chronic diseases such as cancer, cardiovascular disease,
HIV infection, and diabetes

 Current or previous use of select therapeutic modalities such as
irradiation, chemotherapy, corticosteroids, antibiotics, or immuno-
suppressants

* Presence of toxins, including alcohol, street drugs, legitimate ther-
apeutic drugs, and venom or toxic secretions from reptiles,
insects, or other nonhuman bites or punctures

« Other factors such as excessive physical or emotional stress, for-
eign material at the site, or altered nutritional status

Intratest Care

» Specimens obtained for bacterial culture should be representative
of the disease process taking place. Collect sufficient material to
ensure an accurate analysis. If a purulent sputum specimen cannot
be produced to aid in the diagnosis of pneumonia, laboratory eval-
uations from blood cultures, pleural fluid specimens, and bron-
choalveolar lavage (BAL) specimens are also acceptable.

* Material must be collected where the suspected organism is
most likely to be found and with as little outside contamination as
possible.

* Culture the specimen for specific pathogens only, not for normal
flora present in the area.

* Collect fluids, tissues, skin scrapings, and urine in sterile containers
with tight-fitting lids.

* Place specimens in a biohazard bag.

* Observe standard precautions.

Posttest Care

Posttest care includes the transport or mailing of microspecimens.
Several kits containing transport media are available when there is a
significant delay between collection and culturing. Culturette swabs
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(Becton-Dickinson Microbiology Systems, Franklin Lakes, NJ) are
available for bacterial, viral, and anaerobic specimen collections. Some
laboratories provide Cary-Blair and PVA fixative transport vials for
the collection of stool samples used for culture and ova and parasite
examination. Some specimens may have to be shipped in a Styro-
foam box with refrigerant packs. This is especially true for those
used for viral examination. If in doubt, prudence dictates consulta-
tion with the reference laboratory where specimens will be sent to
ensure proper collection and shipment.

According to the Code of Federal Regulations, a viable organism or
its toxin or a diagnostic specimen (volume less than 50 mL) must be
placed in a secure, closed, water-tight container that is then enclosed
in a second, secure, water-tight container. Biohazard labels should be
placed on the outside of the containers.

Specimens that are to be transported within an institution should
be placed in a biohazard resealable bag. Ideally, the requisition should
accompany the specimen but should not be sealed inside the bag.

@ Nursing Protocols for Hair, Nails, Saliva,
and Breath Specimen Collection

Samples of clean hair and nails can be analyzed for evidence of fun-
gal infections, abnormal concentrates of toxic and nutrient minerals,
heavy metals, therapeutic drugs, and illegal drugs. High levels of some
elements are caused by exposure to industrial wastes and by contam-
inated drinking water. The limit of detection of most drugs in hair is
0.1 ng/mL or higher.

Saliva specimens may be used to identify high levels of immuno-
globulin G (IgG) in gingival crevices or systemic alcohol levels.
Exhaled breath specimens are obtained to identify Heliobacter pylori
infections, to detect alcohol, and to monitor hormones and other by-
products of abnormal metabolism.

Indications for Testing

* As a marker of toxin exposure

 To monitor parolees and probationers

* To validate drug self-reporting

« To identify in utero drug use

* To assess pattern of drug use (at 1-month intervals)
¢ To aid in drug treatment programs

* To screen employees in the workplace

* To evaluate parents’ drug use in child custody cases
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* As forensic evidence after death
* To verify compliance with nonpsychotropic regimens for months
to years

Nursing Interventions

Pretest Care

* Assess and document signs and symptoms of drug presence or
toxic exposure. Include the geographic location, water supply
sources and quality, pesticide use, industrial waste exposure, food
contaminants, and current medications.

» Explain how keratin is laid down in bone, hair, and nails and how
this relates to the test purpose.

* Explain how mycotic organisms (eg, ringworm) attack the keratin.

« If testing is done for illicit or improperly used drugs, follow chain-
of-custody protocols.

Intratest Care

* For hair sampling, use extreme care in obtaining hair samples.
Wear gloves and follow established protocols. Hair should be
shampooed and free of oil, conditioners, hair spray, and gels. Clip
the hair close to the scalp. Color-treated hair is usually acceptable.
Pubic hair is preferred.

Obtain hairs from the correct sites: beard, mustache, axilla, genital
area, and scalp. Inform the patient not to use any deodorant, pow-
der, or lotion after shampooing or bathing until sampling is done.
Use sterile scissors or instruments when cutting hair or nails.

For nail sampling, clip nails close to the cuticle; toenails are
preferred. Before clipping, thoroughly wash and dry toenails or
fingernails.

For saliva sampling, wear gloves, and using the special testing kit,
follow the established procedure. Place the specially treated cotton
pad between the lower cheek and gum and rub it back and forth
until moistened. Allow the pad to remain in the mouth for 2 to

5 minutes before removing and inserting it into the specimen vial.
For breath testing, wear gloves, and using a breath alcohol—testing
device, follow the instructions to obtain a proper breath sample.
Transfer specimens to the laboratory in a special envelope with a
biohazard label or a metal-free, screw-top plastic container.
Document the type and amount of specimen, site of hair or nail sam-
pling, tests ordered, disposition of specimen, hair color (also include
if chemically treated), condition of nails (eg, soft, gangrenous),
appearance of follicle at hair shaft, time of collection, and the rele-
vant skin conditions (eg, scaling, dermatitis, inflamed, reddened).
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@ Nursing Protocols for Sputum Collection

Sputum specimens are examined to identify pathogens or conditions
related to the respiratory system. Pertinent symptoms may include
cough with or without sputum production, fever, chest pain, short-
ness of breath, and fatigue. Sputum specimens can also provide clues
about antibiotic or drug sensitivity, the best course of treatment, and
the effectiveness of treatment.

Interfering Factors
Unsatisfactory sputum samples include “dry” specimens (ie, saliva
samples without actual sputum) or contaminated specimens.

Nursing Interventions

Pretest Care

 Explain the purpose and procedure of sputum specimen collection.
An early morning specimen produces the best organism-concentrated
sputum sample of deeply located pulmonary secretions.

* Obtain a sputum collection kit and supplies.

« Instruct the patient about all aspects of collection.

¢ Inform the patient not to touch the inside of the sputum container.

Intratest Care
* Sputum specimens must come from the bronchi. Postnasal secre-
tions or saliva is unacceptable. Expectoration, ultrasonic nebuliza-
tion, chest physiotherapy, nasotracheal or tracheal suctioning, and
bronchoscopy are methods used to obtain sputum and bronchial
specimens.
Instruct the patient to remove dentures, rinse the mouth with
water, and gargle, if possible.
The patient should first clear the nose and throat, take three or
four deep breaths, perform a series of short coughs, and then
inhale deeply and cough forcefully to raise a sputum specimen.
The sputum should be expectorated into a sterile container with
the proper preservative if indicated. A 2- to 3-mL sample is
adequate. Place the sealed container into a leak-proof biohazard
bag, and transfer it to the laboratory after labeling properly.
Sputum specimens are usually not refrigerated and should be taken
to the laboratory as soon as possible. Include the pertinent informa-
tion, such as type of specimen, appearance, preservative, tests
ordered, date and time of collection, and disposition of specimen.
* Document the specimen appearance and the patient’s response to
the procedure.
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Posttest Care

« Evaluate patient outcomes, and counsel appropriately about treat-
ment and self-care for respiratory illness.

* Monitor the respiratory status as necessary, and intervene appro-
priately when indicated.
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Ultrasonic nebulizers may be used for sputum induction when the cough
is not productive. If this is the case, proper cleaning and disinfection
of the nebulizer must be done.

Do not obtain a suctioned sample without first consulting the physician.

Document when a patient is neutropenic (ie, very low white blood cell
count and low or absent neutrophils). In this instance, no white blood
cells are seen in the specimen and this may be interpreted as an
unacceptable specimen.

@ Nursing Protocols for Evidentiary Specimen
Collection in Criminal or Forensic Cases

Important evidentiary specimens are collected from the living and
the deceased and can include blood, tissue, hair, nails, body fluids
(eg, urine, semen, saliva, vaginal fluid, gastric fluid), and evidence
generated by diagnostic procedures such as computed tomography
(CT) scans, angiograms, and electrocardiograms. Collaboration
with other professionals is mandatory.

Indications

* To obtain evidence from the victim or subject, including victims
of physical and sexual assault, homicide, and child, elder, and
spousal abuse. Specimens may be obtained from the patient, the
deceased person, the perpetrator, the suspect, the accused or
falsely accused, or the public in general.

* To retrieve evidentiary items during diagnostic and therapeutic
procedures (eg, headshot projections and shotgun wadding that is
often recovered from the victim or suspect’s clothing or the sheets
on which the victim is transported)

* To collect victim’s clothing that may contain the victim’s or per-
petrator’s fluid and tissue

* To obtain trace evidentiary specimens, such as traces of soot as in
gunshot wound
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* To record and have a witnessed record (ie, by a record person) of
narcotics, dangerous drugs, and money (ie, two people count)

* To collect evidential material required by law enforcement, the
medical examiner, and participants in the scientific investigation
of death and criminal injury

Nursing Interventions

Pretest Care

« Use standard precautions to collect specimens.

* Prepare to institute a witnessed chain-of-custody procedure and
follow these policies throughout when obtaining, handling, and
preserving specimens.

Intratest Care

* Items that are wet (eg, bloody clothing) are first dried and then placed
in thick paper bags (not plastic) and then labeled as a biohazard.

 Each specimen is to be labeled and packaged separately.

Posttest Care

* Follow chain of custody when turning over evidentiary specimens.

* Record all actions regarding specimen retrieval, including photo-
graphs and expected and unexpected samples (eg, bullets, drugs).
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* Specimens of newborn cord blood and meconium may be examined for
evidence of the mother's drug use during pregnancy.

Sexual Assault Evidence Collection
The Sexual Assault Evidence Collection Kit contains the items
needed to collect samples as required by the area crime laboratory for
alleged sexual assault cases. Samples can be obtained with the kit
from males and females, victims, and suspects.

A normal finding is less than 10 units/L of acid phosphatase, whereas
a level that is 50 units/L or higher indicates a positive result for semen.
Although the acid phosphatase levels of prostatic fluid can still be ele-
vated in about 10% of women 72 hours after intercourse, low levels do
not exclude recent intercourse. In cases of rape, samples should also be
obtained for the identification of sexually transmitted diseases (STDs).

Interfering Factors
Samples should ideally be collected immediately after an alleged
assault, because 66% of women examined within 6 hours of the
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incident do not show motile sperm. Consequently, estimating the
time of assault may be hampered. Bathing can wash away evidence.

Pretest Care

Explain the purpose and procedure of procuring samples, as they relate
to the alleged incident. Check to see whether informed consent must
be signed before obtaining specimens. Ensure that all forms are com-
pleted accurately and signed by the victim or suspect.

Intratest Procedure

Provide information on a form enclosed in the kit and have the
individual and the examining medical professional sign and date
the form.

* Clothing samples: Have the individual stand on a clean piece of
examination paper and remove clothing, placing each article into a
new, clean paper bag. Then fold the examination paper, placing it
also into a clean paper bag. Date, seal, and initial each bag.
Vaginal swab: Using the four swabs in the kit, thoroughly swab
the vagina. Prepare a smear using the four swabs; allow the swabs
and smear to air dry. Place the swabs in a swab box, return the
smear to the cardboard slide holder, and tape it shut. Seal and
complete the information requested on the envelope provided.
Cervical swab: Using two swabs, thoroughly swab the cervix and
immediately prepare a smear. Allow the swabs and smear to thor-
oughly air dry, return the swabs to the swab box, and return the
smear to the cardboard slide holder. Seal and complete the infor-
mation requested on the envelope provided.

Penile swab: Using a single swab, moisten it with sterile water,
and thoroughly swab the external area of the entire penis. Allow
the swab to air dry, place it in the envelope, and seal and label it.
Blood sample for DNA testing: Perform a venipuncture and collect
at least 5 mL of blood in the lavender-stoppered (EDTA) blood
tube provided in the kit. Label the tube with the individual’s name
and the date. From this tube, withdraw 1 mL of blood and fill each
of the four printed circles on the DNA Stain Card. Allow the card
to air dry, write the individual’s name on the card, place it in the
envelope, seal it, and complete the information requested. The
blood tube should be placed in the Styrofoam blood tube holder.
Seal the holder with the evidence tape, supply the information
requested, and place the unit in the resealable bag provided.

After all samples have been collected, place all specimens (except
blood tube) back into the kit. The blood tube should be refrigerated
and the kit kept at room temperature until picked up by the police.
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Posttest Care
Evaluate patient outcomes and monitor and counsel the patient
appropriately.

@ Nursing Protocols for Transdermal Collection

Transdermal testing using reverse iontophoresis is a noninvasive
method for extracting substances within or below the skin surface.
Electrodes are applied to the skin surface, typically on the inner sur-
face of the forearm, and a small electric current is applied (4 mA).
Using specialized equipment and collection devices, specimens are
collected for chemical analyses.

@ Nursing Protocols for Specimen Collection
in Chemical Poisoning or Terrorism

Samples of blood and urine can be analyzed for evidence of exposure
to chemical agents or toxins and as a part of managing hazardous
chemical emergencies. Exposure can be either unintentional (eg, a
chemical spill) or intentional (eg, an act of terrorism). Chemical
agents can be classified as either toxins (produced by living organ-
isms, for example, ricin from the castor bean plant or abrin from the
rosary pea or jequirity pea) or toxicants (produced synthetically, for
example, sarin, a nerve agent, or organophosphate pesticides).

Indications

* Collect specimens from every person who may have been exposed
or potentially exposed to a chemical poisoning or terrorism agent
(eg, ammonia, arsenic, or nerve gas).

* Identification of the chemical toxin or toxicant (eg, chlorine,
cyanide).

¢ Aid in the management of emergencies, in the recognition of illness
and toxic syndromes, and in defining chemical poisonings (eg,
mercury).

Nursing Interventions

Pretest

» Assess and document signs and symptoms (blisters, dyspnea, skin
discoloration, choking, bleeding, incapacitation, vomiting, diarrhea,
muscle pain, weakness) of chemical poisoning, toxic exposure,
and the location of incident.
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 Explain the purpose and procedure of sampling for the presence of
toxic chemical agents.

Intratest

 Obtain required urine cups and blood tubes.

* Collect 25 mL of urine in a screw-top container for all patients.
For pediatric patients, collect urine only.

* Collect blood using three purple-top tubes (EDTA) and one gray-
or green-top tube, in that order.

« Label so that when the tubes or cups are upright, the bar code looks
like a ladder.

¢ Date, time, and initial the tube of the cup so that your initials are
half on the tube or cup and half on the forensic evidence (waterproof)
tape that you have placed on the top of the tube or cup.

* Prepare containers for shipment—tubes and cups are packaged and
shipped separately on dry ice, as is done for diagnostic specimens.

* Dispose of your contaminated clothing.

Posttest

* Report results to patients.

» Counsel and begin treatment (eg, chelation therapy, supplemental
oxygen).

* Monitor all systems (eg, respiratory, circulatory).

« If there has been unintentional chemical exposure, notification of
local authorities may be all that is required.

« If there has been suspected or intentional chemical exposure, the
local poison-control center, law enforcement and state health
officials, and the CDC should be notified. The CDC has established
a Laboratory Response Network (LRN) that includes a network of
three (3) laboratory levels. Level 3 laboratories work with hospitals
in their jurisdiction to coordinate proper specimen collection, trans-
port, chain of custody (if applicable), and recognition of health
effects of exposure to chemical agents. The Level 2 laboratory
includes all activities associated with Level 3; however, there is
increased training of personnel to detect exposure to a limited num-
ber of toxic chemicals. In the Level 1 laboratory, all activities of
Level 3 and 2 laboratories are included in addition to more advanced
training of laboratory personnel and specimen analyses.



Alphabetical List of Laboratory Tests
of Body Fluids, Imaging Procedures,
and Special Studies of Body Functions

@ The Nurse’s Role

Nursing Practice Standard

Nurses need a specialized knowledge base to provide safe, effective
care; to manage outcomes; and to visualize their unique caring role
during diagnostic testing. The nurse applies this knowledge and the
nursing process model to all phases of testing to achieve the proper
test results and expected patient outcomes. The information provided
about each test, as well as the guidelines presented in Chapters 1 and
2, is part of this knowledge base.

Safe Practices for Procedures

The nurse has the required knowledge and skills to safely perform or
assist with procedures; follows approved standards; educates patients
about both invasive and noninvasive examinations; obtains informed
consent; identifies patients at risk for adverse events, especially when
barium, iodine, or radiopharmaceuticals are used; allows family pres-
ence as needed; and monitors the patient through all phases of care:
pre-, intra-, and posttest.

Endoscopic Procedures

These examinations use an endoscope (a fiber-optic instrument with
a lighted lens system) for direct visual examination of body organs
and cavities. Pretest preparations are usually required to include
patient compliance. A contrast agent may be instilled via an IV line,
moderate/procedural sedation or analgesia may be given, topical
anesthetics may be applied, and/or other medications may be given,
depending upon the type of examination. Although the most common
risks are perforation and infection, depending upon the site of the
exam, other side effects can include sore throat after a bronchoscopic
procedure or anal irritation following a colonoscopy. A consent form
needs to be signed. Virtual colonoscopy and GI endoscopy are per-
formed without an endoscope.

96
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Nuclear Scan Procedures

These examinations use enhancement agents (radiopharmaceuticals),
which are administered by IV or oral route. These radiopharmaceuti-
cal substances (not dyes or contrast agents as in X-rays) distribute
throughout the organ or tissue to be studied. Viewed through special
cameras, diseased tissue appears in a manner different from normal
tissue as evidenced by areas of reduced activity or uptake (cold spots)
or by increased activity or uptake (hot spots). The radiopharmaceuti-
cal dissipates over time and is eliminated in urine, feces, and/or other
body fluids. These procedures can be performed on adults as well as
pediatric patients. Risks include reaction to the radiopharmaceutical,
including hives, rash, itching, flushing, fever, dyspnea, bronchospasm,
and anaphylaxis. These reactions may occur immediately or 2 to
24 hours after the injection, as in bone scans. Nuclear scans are
contraindicated in pregnancy. Positron emission tomography (PET)
scans are often combined with CAT scans for monitoring cancer
progression. A consent form needs to be signed.

Prenatal Tests

These tests assess maternal health, fetal well-being, and fetus at risk
for intrauterine asphyxia. Fetal well-being depends on maternal
health. Maternal fetal testing during pregnancy can be divided into
the first trimester, second trimester, integrated screening from first
and second trimesters, and third trimester tests. Prenatal testing usu-
ally includes maternal blood testing for CBC, hemoglobin, hemat-
ocrit, Rh type, ABO blood group, red blood cell antibody screen,
rubella immunity status, glucose challenge, maternal serum alpha-
fetoprotein (MS-AFP) or maternal triple screen, hepatitis B, test cul-
ture for STDs, group B streptococci (infection), urinalysis, ultra-
sound, amniocentesis (developmental abnormalities), fluoroscopy,
CVS (fetal genetics or biochemical disorders), and sometimes MRI
(fetal abnormalities).

Ultrasound and Doppler Procedures

These examinations, also known as echograms or sonograms, use a
noninvasive method for visualizing soft tissue structures of the body.
High-frequency sound waves produce a computerized “echo map” to
characterize the position, size, form, and nature of soft tissue organs
and demonstrate motion (fetus and heart). The Doppler effect, a phe-
nomenon that accompanies movement, can be combined with ultra-
sound imagery for duplex scans. After a gel is applied, transducers are
placed on the skin over a special body part; they can also be introduced
in the vagina (gynecologic anatomy) or rectum (prostate exam), or
placed on catheters (transesophageal echocardiography). Ultrasound
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cannot appropriately image air-filled structures such as the lungs.
Ultrasound may be combined with other procedures, such as CAT scans
and endoscopic examinations. There are no known risks.

Radiographic Procedures

These examinations, recorded on film or in a digital format, use elec-
tromagnetic rays (radiation) capable of penetrating through air but
not dense substances. CAT scans of head, neck, and body are com-
monly performed. Contrast agents (eg, iodine and barium) can be
injected, instilled, or swallowed, depending on the area to be studied.
Side effects of contrast agents may include an allergic reaction or
constipation. Whenever the body is exposed to radiation, exposures
are cumulative—there is a risk of tissue damage, genetic defects, red-
dened skin, or cancer. Lead aprons and other protective gear must be
worn by all staff members.

Special Study Procedures

Tests in this category may include skin, hair, saliva, sputum, gastric
fluid, and breath sample collection to analyze for infections, toxins,
and DNA identification. Gloves, special kits, and collection equip-
ment are needed. Special diagnostic studies of the eye, brain, nervous
system, and heart are of great value in identifying disease and disor-
ders of these organ systems and used to rule out disorders, for exam-
ple, tumors or cognitive defects. Sleep-and-awake studies incorporate
various technologies such as EEG, EOG, EMG, and ECG. The appli-
cation of skin, scalp, or chest electrodes, pulse oximeter, and airflow
sensors, with subsequent awake or nocturnal recordings, provide evi-
dence of pathology. Postmortem tests include autopsy and after-death
donation of organs.

Tests, Procedures, and Special Studies, A Through X

The title of each test includes common and alternate names, abbrevi-
ations, specimen sources, and types of procedures. Titles of com-
bined tests, such as those for electrolytes, also include the names of
all substances measured, such as calcium, magnesium, potassium,
chloride, and phosphate. Examples of combined tests include adrenal
function, amniotic fluid analysis, antinuclear antibodies, arterial
blood gases (ABGs), bioterrorism agents, diabetes tests, cardiac
markers, coagulation tests, cerebrospinal fluid analysis, cholesterol
tests, complete blood count (CBC), duplex scans, fetal well-being,
hepatitis, kidney function, liver function, newborn screening panels,
pancreatic function, protein analysis, pulmonary function, routine uri-
nalysis, stool analysis, thyroid function, and tumor markers, among
others.
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ABDOMINAL ULTRASOUND-ABDOMEN SONOGRAM,
AoRTIC SONOGRAM, UPPER ABDOMINAL ECHOGRAM

Ultrasound Imaging: Gallbladder, Liver, Spleen,
Pancreas, Kidney, Vessels

This noninvasive procedure visualizes all solid upper abdominal organs,
including the liver, bile ducts, gallbladder, appendix, pancreas, kidneys,
adrenals, spleen, and the abdominal aorta and vena cava. Some diag-
nostic laboratories may perform organ-specific studies, such as renal or
hepatobiliary ultrasound scans, together with abdominal ultrasound
scanning. Specific large vessels (such as the renal and mesenteric artery
and portal vein) may be evaluated using Doppler analysis.

Indications

¢ Evaluate abdominal pathologies associated with abdominal pain,
increased abdominal girth, obstructions, fluid collections, infections
with fever, weight loss, and generalized ill health.

¢ Characterize known or suspected masses and determine cause of
jaundice.

* Screen for abdominal aortic aneurysms and stage known carcinomas.

* Provide guidance during biopsy, cyst aspiration, and other invasive
procedures.

[Reference Values @

Normal

» Normal position and appearance of the liver, gallbladder, bile
ducts, pancreas, kidneys, adrenals, and spleen, as well as the
abdominal aorta, inferior vena cava, and their major tributaries.

« Sizes of organs:

Gallbladder: Length, diameter, and wall thickness within normal
limits

Liver: Anteroposterior (AP) diameter at the midclavicular line (ie,
transverse) and length of the maximum right lobe (ie, sagittal)
within normal limits

Spleen: Width and length within normal limits

Pancreas: Diameter of head and tail within normal limits

Kidney: No more than a 1.5-cm difference between the sizes of
the two functional kidneys
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Clinical Implications

* Presence of space-occupying lesions: cysts, pancreatic cysts, solid
masses, hematomas, abscesses, ascites, aneurysms, obstructions,
arteriosclerotic changes to blood vessels, and abnormal blood flow
patterns.

 Organ size, location, or structural abnormalities.

« Biliary tract obstruction, dilation, calculi, or hydronephrosis.

* One or more than two kidneys.

Interfering Factors

* Retained barium from prior x-ray studies may compromise the
study.

* Intestinal gas overlying the area of interest interferes with
sonographic visualization.

* Obesity adversely affects tissue visualization.

Procedure

* A liberal coating of coupling agent (ie, gel) is applied to the skin
so that there is no air between the skin and the transducer, which
promotes sound transmission. The coupling agent also allows easy
movement of the transducer over the skin.

* In most laboratories, a handheld transducer is slowly moved
across the skin of the area that is to be examined.

* The patient is asked to lie quietly on an examination table and
control breathing pattern. Scans are generally performed with the
patient in the supine and decubitus positions.

* The patient may hear a “swishing” sound during Doppler analysis.

* Total examination time is about 20 to 60 minutes.

Nursing Interventions

*Pretest

» Explain the test purpose and procedure. Assure the patient that no
radiation is employed and that the test is painless.

« Instruct the patient to avoid oral intake (remain NPO) for a mini-
mum of 8 hours before the examination to fully dilate the gallblad-
der and to improve the visualization of all structures.

* Special attention is necessary for diabetic patients. Because of
pretest fasting, the administration of insulin or oral hypoglycemic
agents may be contraindicated. Check with the x-ray department for
specific instructions. Schedule the test early in the day, if possible.

* Administer enemas if ordered.

* Explain that a coupling gel will be applied to the skin and that a
sensation of warmth or wetness may be felt. Although the couplant
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does not stain, advise the patient to avoid wearing nonwashable
clothing.

*Intratest

* Explain to the patient that it is necessary to regulate the breathing
pattern as instructed.

* Provide support and assure the patient that the test is proceeding
normally.

« Instruct the patient that it is necessary to lie quietly during test,
even though it may be uncomfortable.

»Posttest

* Remove any residual gel from the skin.

» Normal diet and fluids may be resumed, unless contraindicated by
the test results.

* Evaluate the outcomes and counsel the patient appropriately
regarding further tests or possible treatments.

LA

e Scans cannot be performed over open wounds or through dressings.

* This examination must be performed before radiographic studies
involving barium. If such scheduling is not possible, at least 24 hours
must elapse between the barium procedure and the sonogram.

* Not fasting results in inadequate visualization of the gallbladder.

* Some laboratories administer a noniodine, nonionic oral contrast to
aid in the delineation of upper abdominal structures (particularly the
pancreas).

wy
ADRENAL FUNCTION TESTS

Blood, Saliva, and Urine, 24-Hour Endocrine

Cortisol, Cortisol Suppression or Dexamethasone
Suppression Test (DST), Cortisol Stimulation or
Cosyntropin Stimulation, and Corticotropin (ACTH)-
Releasing Hormone (CRH) Stimulation

These tests measure adrenal hormone function, insufficiency, and
hyperfunction; insufficiency is more common than Cushing’s disease.
The adrenal gland produces mineral corticosteroids, catecholamines,
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and combined sex steroids and glucosteroids. DHEA-S in urine or

plasma is the major androgen produced by the adrenals.

Indications
 Evaluate adrenal diseases: hyperplasia, adrenal carcinoma,

Addison’s disease, Cushing’s syndrome, amenorrhea, and hyper-

tension.

* DST identifies persons most likely to respond to therapy for clini-

cal depression.

* Measurement of plasma ACTH differentiates primary from secondary

adrenal insufficiency.

 Because single measurements of plasma or urine cortisol are diffi-
cult to interpret, suppressor tests (DST), using agents that affect
the hypothalamic-pituitary-adrenal axis, identify the source of the

problem.

« Stimulation tests localize source of dysfunction and evaluate adre-

nal insufficiency.

* DHEA-S determines adrenal sources of androgens, cause of hir-

sutism, virilization, and polycystic ovary disease.

[Reference Values

Normal

SERUM CORTISOL

Adult

8:00 am: 8-25 pg/dL or 221-690 nmol/L

4:00 pMm: 3-16 pg/dL or 83—441 nmol/L

Midnight: <7.5 pg/dL or 207 nmol/L

Newborns: 2.0-11 pg/dL or 55-304 nmol/L

Maternal (at birth): 51.2-57.4 pg/dL or 1413-1584 nmol/L

After first week of life, cortisol levels attain adult values.

SALIVARY CORTISOL

11:00 p™ to midnight: <0.15 pg/dL or <4.2 nmol/L

CORTISOL SUPPRESSION DEXAMETHASONE SUPPRESSION

Test (DST)

Morning after dexamethasone administered: <5 pg/dL or
<138 nmol/L

COSYNTROPIN-STIMULATED SERUM CORTISOL

Baseline at 8:00 AM: 8-25 pg/dL or 221-690 nmol/L
30 minutes postcosyntropin iv: >18 pg/dL or 499 nmol/L

€)
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* Increased cortisol levels correlate with acute illness (eg, severe
inflammation).

Clinical Implications

* Cortisol levels increase with oat-cell cancer, hyperthyroidism,
adrenal adenoma, and Cushing’s syndrome (adrenal adenoma,
Cushing’s disease, and overproduction of adrenocorticotropic
hormone [ACTH)).

* Cortisol levels decrease with liver disease, adrenal insufficiency
(Addison’s disease, anterior pituitary hyposecretion and destruc-
tion), hypothyroidism, and steroid therapy.

* The overnight DST result is abnormal above 5 pg/dL (138 nmol/L);
no suppression in stress states, and in renal failure.

* No cortisol suppression (DST) or diurnal variation (due to mela-
tonin) is seen with Cushing’s disease or with clinical depression.

* No cortisol stimulation or a blunted response occurs with adrenal
insufficiency, hypopituitarism, and prolonged steroid therapy.

Interfering Factors

« Cortisol elevations occur during obesity, pregnancy, in newborns,
and with some drugs (eg, spironolactone, oral contraceptives).

» Cortisol is falsely low in renal disease and in patients with low
plasma albumin (eg, albumin).

* A false-positive result occurs for cortisol suppression if the patient
fails to take dexamethasone; with alcohol; with some drugs (eg,
Dilantin [phenytoin], estrogen); in newborns; and in cases of
anorexia, stress, trauma, dehydration, fever, and uncontrolled
diabetes.

Procedure

* Cortisol: Serum (5-mL) samples are obtained by venipuncture at
8:00 AM and 4:00 pMm, using a red-marbled—top tube. Heparin anti-
coagulant may be used. Salivary cortisol is obtained between
11:00 pM and midnight. Obtain a 24-hour urine specimen.

* Cortisol (dexamethasone) suppression (DST): Venous serum
(5-mL) samples are obtained the day after oral administration of
1.0 mg of dexamethasone at 11:00 pMm. Plasma is acceptable.

* Cortisol stimulation: Fasting serum (5 mL) is obtained by
venipuncture using red-top tube. Then collect additional 4-mL
specimens 30 and 60 minutes after [V administration of 250 pg
of cosyntropin (Cortrosyn).
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LI AN

* Other tests for depression include the following:
Thyrotropin-releasing hormone (TRH) stimulation test
Prolactin response to TRH
3-Methoxy-4-hydroxyphenylglycol (MHPG) in urine
Platelet monamine oxidase (MAO) activity
Phenylacetic acid (PAA) in urine

e Psychiatric manifestations are associated with conditions such as
hyperthyroidism, hypothyroidism, primary hyperparathyroidism,
Cushing’s syndrome, acute intermittent porphyria (AIP), and vitamin
B;, deficiency.

Nursing Interventions

*Pretest

* Explain the purpose and procedure of the study; assess the
patient’s knowledge of the test and symptoms. Remind the patient
about fasting for the stimulant and suppression tests. Weigh
patient.

* Check with the physician and discontinue drugs, especially gluco-
corticoids, aldosterones, estrogens, birth control medications,
tetracycline, and anticonvulsants, for 24 to 48 hours before the
study. Ensure that no radiopharmaceuticals are administered 1 day
before the cortisol test and 1 week before suppression.

»Posttest

« Evaluate the outcome and counsel the patient appropriately about
the effects of hormone dysfunction.

* Dysfunction occurs in Addison’s disease, Cushing’s syndrome,
acute illness, and malignant tumors producing ACTH and is pres-
ent with metabolic acidosis and hyperglycemia.

{ I
h ADRENAL GLAND ScaN (MIBG)

Nuclear Medicine Scan, Endocrine System Imaging

This procedure is used to identify certain tumors of the adrenal
medulla that produce excessive amounts of catecholamines:
pheochromocytomas and adrenal and extra-adrenal paraganglions.
It is especially useful for detecting ectopic sites and metastatic
lesions.
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Indications

 Diagnose adrenal and extra-adrenal paraganglions.

* Locate pheochromocytoma sites before surgery.

* Determine the nature of a particular nodule and whether tissue is
functioning or nonfunctioning.

¢ Evaluate the patient with multiple pheochromocytomas.

[Reference Values @

Normal

* No evidence of tumors or a hypersecreting hormone site.
» Normal salivary glands, liver, and heart.

Clinical Implications

* Abnormal concentrations reveal pheochromocytomas and give
substance to the rough rule of 10. This means that 10% of tumors
are in children, 10% are familial, 10% are bilateral in the adrenals,
10% are malignant, 10% are multiple (in addition to bilateral
tumors), and 10% are enterorenal.

* Two or more pheochromocytomas usually indicate malignant
disease. Multiple extra-adrenal pheochromocytomas are often
malignant.

Interfering Factors
* Presence of barium from previous procedures.

Procedure

* Lugol’s solution or supersaturated potassium iodide (SSKI),
which is administered before the test (1 day before is typical) and
after injection (6—10 days is typical) to prevent thyroid uptake of
radioactive iodine.

« Radiopharmaceutical iobenguane ('*'I-metaiodobenzylguanidine
[MIBG]) is injected intravenously. Whole-body images will be
taken at 24 hours postinjection. The nuclear medicine physician
may request imaging at 48, 72, and 96 hours postinjection. Imaging
time is 1 hour each day.

Nursing Interventions

*Pretest

* Specific drug protocols involving SSKI must be followed: 1 drop
of SSKI (1 g/mL) 1 day before and 6 days after *'I-MIBG admin-
istration.

* Explain the test purpose and procedure. Weigh patient.

* Exclude pregnant and breast-feeding women.



106  AwcoHoL, ETHANOL (ETOH)

 Reassure the patient regarding the safety of the nuclear scan.

* No bowel preparation is necessary.

* Obtain an accurate medication history 4 to 6 weeks prior to the
procedure. The patient should be off all tricyclic antidepressants,
reserpine, cocaine, over-the-counter Sudafed, and imipramine. The
patient should discontinue labetalol for 3 days to 2 weeks before
the study and should not be taking amphetamines, nasal deconges-
tants, or diet-control pills.

* Obtain informed consent, if needed.
e Schedule this test before x-ray studies using iodine contrast agents
and before thyroid- or iodine-containing drugs are given.

*Intratest
* Provide support and reassurance during serial imaging each day.
* The patient may eat and drink normally between scans.

»Posttest

« Evaluate posttest outcomes and counsel the patient appropriately
about the need for possible follow-up testing, which may include
kidney (renogram) and bone nuclear scans, CT scans, pelvic ultra-
sound of tumor-producing urinary symptoms, and possible treat-
ment (eg, surgical removal of tumor).

* Monitor the site of radiopharmaceutical injection for infection and
infiltration.

* Routinely dispose of body fluids and secretions.

* Document any patient problems (eg, vomiting) that may have
occurred during the procedure.

{ I
" ALcoHoL, ETHANOL (ETOH)

Blood, Breath, Saliva

This test measures the presence of alcohol in the blood, breath, or
saliva as an indication of intoxication or overdose. Upon consuming
an alcoholic beverage, the alcohol is absorbed by the stomach and
duodenum and enters the bloodstream. Distribution of the alcohol is
fairly rapid (about 20-30 minutes) and uniform throughout body
water. Because of this, alcohol concentration can be measured in the
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blood, breath (a portion of the alcohol is eliminated via the lungs), or
saliva (used as a screening value).

Indications

» U.S. Department of Transportation (U.S. DOT) mandates (eg,
performing safety-sensitive duties, following vehicular
accident).

* Assess levels for alcohol influence and alcohol intoxication.

* Routine trauma protocol for seizure victims.

[Reference Values @

Normal
» None detected; negative.

Clinical Implications

* Alcohol levels <50 mg/dL (<10.8 mmol/L) generally will not
affect individuals, although some studies suggest that levels as low
as 10-30 mg/dL (2.17-6.51 mmol/L) can impair one’s ability to
perform fine motor skills.

* Levels between 50 and 100 mg/dL (10.8-21.7 mmol/L) can result
in decreased inhibitions, impaired judgment, interference with
motor skills, and increased reaction times.

* Atlevels >100 mg/dL (>21.7 mmol/L), individuals will become
uncoordinated and disoriented with loss of memory and critical
judgment skills.

¢ Death has been associated with levels >400 mg/dL (>86.8 mmol/L).

Interfering Factors

* Residual mouth alcohol (recent ingestion of an alcoholic beverage
or mouthwash containing alcohol) or gastric reflux can falsely ele-
vate the reading if the appropriate waiting time before obtaining a
saliva or breath sample is not followed.

« Isopropanol, n-propanol, acetone, and ascorbic acid may interfere
with the measurement.

« Increased blood ketones, eg, as in diabetic ketoacidosis, can falsely
elevate test results.

Procedure

Blood Alcohol

 The state provides a kit that contains the necessary items for pro-
curing a blood sample as well as appropriate forms for chain of
custody if necessary.



108  ALDOSTERONE

* A venipuncture is performed and two (5-mL) gray-top tubes of blood
are obtained. One tube is used for immediate analysis and the other
tube is retained for future repeat analysis for evidentiary purposes.

Breath Alcohol

» A 15-minute waiting period is observed prior to collection of the
sample to ensure residual mouth alcohol will not be an interfering
factor.

* The individual is then instructed to take a deep breath, and, insert-
ing the mouthpiece into his or her mouth, blow forcefully for
approximately 6 seconds.

Salivary Alcohol

» A 15-minute waiting period is observed prior to collection of the
sample to ensure residual mouth alcohol will not be an interfering
factor.

« If a cotton or foam swab is used, it is placed into the individual’s
mouth; the inside of the cheeks, the underside of the tongue, and
the gums are swabbed for approximately 10-60 seconds or until
the swab is thoroughly soaked. The swab is then inserted into the
entry port of the salivary measuring device for measurement of
alcohol content.

Nursing Interventions

*Pretest

» Explain the test’s purpose and procedure as proof of alcohol-
related impaired ability to perform certain safety-sensitive duties,
operate a motor vehicle, intoxication, or validation of alcohol-free
status. Check to see if informed consent must be signed before
obtaining a specimen.

»Posttest
* Evaluate patient outcomes and monitor and counsel appropriately
regarding state mandates.

ALDOSTERONE

Blood, Urine

Aldosterone is a mineralocorticoid hormone produced in the adrenal
zona glomerulosa under complex control by the renin-angiotensin
system. This test is useful in detecting primary or secondary aldos-
teronism. Patients with primary aldosteronism characteristically have
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hypertension, muscular pain and cramps, weakness, tetany, paralysis,
and polyuria. It is also used to evaluate causes of hypertension (found
in 1% of hypertension cases).

Note: A random aldosterone test is of no diagnostic value unless
a plasma renin activity is performed at the same time.

Indications

¢ Detect primary or secondary aldosteronism

* Check for adrenal tumors

« Investigate causes of hypertension or low blood potassium levels

Reference Values @

Normal

In upright position

* Adults: 7-30 ng/dL or 0.19-0.83 nmol/L

* Adolescents: 4—48 ng/dL or 0.11-1.33 nmol/L.
¢ Children: 5-80 mg/dL or 0.14-2.22 nmol/L

In supine position

* Adults: 3—-16 ng/dL or 0.08-0.44 nmol/L

* Adolescents: 2-22 ng/dL or 0.06-0.61 nmol/L.

e Children: 3-35 mg/dL or 0.08-0.97 nmol/L

* Low-sodium diet: values 35 times higher

* 24-Hour Urine: 5-24 mg/day or 14—-66 mmol/day

Procedure

* Obtain a 5-mL venous blood specimen in a heparinized or EDTA
Vacutainer tube. Serum, EDTA, or heparinized blood may be
used. The cells must be separated from plasma immediately.
Blood should be drawn with patient in a sitting position. Observe
standard precautions.

 Specify patient position (upright or supine), site of puncture, and
time of the venipuncture. Circadian rhythm exists in normal sub-
jects, with levels of aldosterone peaking in the morning.

* A 24-hour urine specimen with boric acid preservative may also
be ordered. Refrigerate immediately following collection.

« Patient should follow a normal sodium diet 2—4 weeks before test.

Clinical Implications
e Elevated levels of aldosterone (primary aldosteronism) occur in
the following conditions:
Aldosterone-producing adenoma (Conn’s disease)
Adrenocortical hyperplasia (pseudoprimary aldosteronism)
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Indeterminate hyperaldosteronism
Glucocorticoid-remediable hyperaldosteronism
 Secondary aldosteronism, in which aldosterone output is elevated
because of external stimuli or greater activity in the renin-
angiotensin system, occurs in the following conditions:
Salt depletion
Potassium loading
Laxative abuse
Cardiac failure
Cirrhosis of liver with ascites
Nephrotic syndrome
Bartter’s syndrome
Diuretic abuse
Hypovolemia and hemorrhage
After 10 days of starvation
Toxemia of pregnancy
¢ Decreased aldosterone levels are found in the following conditions:
Aldosterone deficiency
Addison’s disease
Syndrome of renin deficiency (very rare)
Low aldosterone levels associated with hypertension are found in
Turner’s syndrome, diabetes mellitus, and alcohol intoxication

Interfering Factors

* Values are increased by upright posture.

* Recently administered radioactive medications affect test
outcomes.

* Heparin therapy causes levels to fall.

» Thermal stress, late pregnancy, and starvation cause levels to rise.

* Aldosterone levels decrease with age.

* Many drugs—diuretics, antihypertensives, progestogens, estrogens,
and licorice—should be terminated 2—4 weeks before the test.

Potassium deficiency should be corrected before testing for aldosterone.

Nursing Interventions

*Pretest

= Explain test purpose and procedures. Assess for history of diuretic
or laxative abuse.

« Discontinue diuretic agents, progestational agents, estrogens, and
black licorice for 2 weeks before the test.
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 Ensure that the patient’s diet for 2 weeks before the test is normal
(other than the previously listed restrictions) and should include
3 g/day (135 mEq/L/day) of sodium. Check with your laboratory
for special protocols.

* Follow guidelines in Chapter 1 for safe, effective, informed pretest
care.

»Posttest

* Have patient resume normal activities and diet.

* Interpret test results and monitor appropriately for aldosteronism
and aldosterone deficiency.

* Follow guidelines in Chapter 1 for safe, effective, informed
posttest care.

{

ALPHA;-ANTITRYPSIN (AAT)

Blood, Inflammation, Fasting per Order, Liver, Lung

This test measures alpha,-antitrypsin (AAT), which is a protein pro-
duced by the liver. Deficiency is associated with pulmonary emphy-
sema, liver disease, and other metabolic disorders. The prevalence of
ATT deficiency is about 1:3,000 in the U.S.

Indications

« Evaluate respiratory disease and liver cirrhosis.

* Screen for genetic AAT deficiency with family history of
emphysema.

* Nonspecific diagnosis of inflammation, severe infection, and necrosis.

[Reference Values @

Normal
* AAT level of 100-200 mg/dL or 1.1-2.0 g/L

Clinical Implications

e Elevated AAT levels occur with inflammatory or hematologic dis-
orders, cancer, and acute hepatitis.

* Decreased AAT levels indicate adult early-onset chronic pulmonary
emphysema, liver cirrhosis in infants and children, as well as severe
liver damage, nephrotic syndrome, and malnutrition. Patients with
serum levels less than 70 mg/dL (0.7 g/L) are likely to have a homo-
zygous deficiency and are at risk for early lung disease.



112 ALPHA-FETOPROTEIN (AFP)

Interfering Factors

* Any inflammatory process elevates serum levels. Exercise stress
increases AAT levels.

 Serum levels may normally increase by 100% in pregnancy. Some
drugs (eg, estrogens, oral contraceptives, tamoxifen) increase
serum levels.

Procedure

e Serum (7 mL) is obtained by venipuncture using a red-top tube.

« Fasting is required if the patient has elevated cholesterol or
triglyceride levels.

Nursing Interventions

*Pretest

* Explain the purpose of the test and instruct patient about fasting, if
necessary.

»Posttest

* Evaluate test outcomes and provide appropriate counseling. Genetic
counseling may be indicated because AAT deficiencies are inherited.

* Advise the patients with decreased AAT levels to avoid smoking
and, if possible, occupational hazards such as dust, fumes, and
other respiratory pollutants.

» Explain to the patient that further testing may be necessary if the
level of this protein is decreased. This involves phenotyping the
serum specimen to assess a significant risk of related disease such
as pulmonary emphysema, liver cirrhosis in children, severe liver
damage, and nephrotic syndrome.

» Augmentation therapy (infusions of human purified AAT) may be
indicated in some cases.

ALPHA-FETOPROTEIN (AFP)
Blood, Maternal

Maternal Serum Alpha-Fetoprotein (MS-AFP)

The measurement of maternal serum AFP usually is done at 16 weeks’
gestation when AFP concentration rises dramatically. About 90% of
infants with neural tube defects are born to parents who have no rec-
ognized risk factors for the disorder. Maternal triple screen (MoM
[multiples of the median]: AFP, hCG, and Ej) aids in identifying
Down’s syndrome risk (see alphabetical listing for maternal triple
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test). The test also detects complications of pregnancy, and AFP
serves as a tumor marker in nonpregnant women.

Indications

* Maternal AFP is routinely offered between 16 and 18 weeks’ ges-
tation to all pregnant women in order to screen for fetal abnormal-
ities and neural tube defects.

 Diagnose and monitor hepatocellular, testicular, ovarian, and
malignant liver diseases.

* Detect pregnancy complications, such as intrauterine growth retar-
dation, fetal distress, and fetal demise.

Reference Values @

Normal

* At 15 to 18 weeks’ gestation: 10-150 ng/mL or 10-150 p.g/L

* Normal adult level: <10 ng/mL or <10 pg/L

* MoM: 0.5-2.5 (calculated by dividing patient’s AFP by median
AFP for a normal pregnancy at the same gestational age)

Clinical Implications

* Elevated maternal AFP level can indicate a neural tube defect,
anencephaly, underestimation of gestational age, multiple
gestation, threatened abortion, Rh incompatibility disease, and
congenital abnormalities. In the third trimester, an elevated AFP
level can be the result of esophageal atresia, tetralogy of Fallot,
hydranencephaly, Rh isoimmunization, and gastrointestinal tract
obstruction.

* Low maternal AFP levels may indicate trophoblastic neoplasia,
Down’s syndrome, or other chromosomal abnormalities (ie,
trisomy 13, 18, or 21, or second-trimester fetal wastage).

« Elevated levels occur with cancer of the liver, pancreas, stomach,
bile ducts, and gonads and with hepatitis, cirrhosis, and liver injury.

Interfering Factors

* Obesity causes low maternal serum AFP (MS-AFP) levels.

* Insulin-dependent diabetes results in low MS-AFP levels.

* Race is a factor. MS-AFP is 10% to 15% higher in African Ameri-
cans and lower in Asians than in Caucasians.

Procedure

* Obtain 10 mL of venous blood; use a red-top tube. Plan the first
screening at 15 to 18 weeks. If the result is normal, no further
screening is necessary.
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¢ Include for the laboratory information about duration of pregnancy,
mother’s weight, ethnicity, and presence of diabetes.

Nursing Interventions

*Pretest

* Determine the gestational age from the last menstrual period.
 Explain the AFP procedure to the patient.

»Posttest

* Collaborate with the physician to interpret the outcome and coun-
sel the patient about the results.

* Explain the possible need for future testing.

* Elevated maternal AFP levels should be followed by a second
screening or ultrasound studies for fetal age.

* Low maternal AFP levels should be followed by ultrasound studies
and then by amniocentesis.

L CLINICAL ALE

e The incidence of neural tube defect is 1 case per 1000 births in the
United States and 1 case per 5000 births in England.

* Knowledge of the precise gestational age is paramount for the accu-
racy of this test.

o |f the MS-AFP level is elevated and no fetal defect is demonstrated (ie,
by ultrasound or amniocentesis), the pregnancy is at an increased risk
for a poor outcome (eg, premature birth, low-weight infant, fetal death).

wy
AmNIOTIC FLUID ANALYSIS

Amniotic Fluid

Color, Volume, Alpha-Fetoprotein (AFP), Creatinine,
Lecithin-Sphingomyelin (LS) Ratio, Bilirubin, Fern Test

Amniotic fluid is examined early in pregnancy to study genetic
makeup of the fetus and determine developmental abnormalities.
Testing in the third trimester is done to determine fetal age and well-
being, to study blood groups, and to detect amnionitis.

Indications
« Offer prenatal diagnosis to high-risk parents in order to detect an
abnormal fetus.
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 Evaluate hematologic disease, fetal infections, inborn metabolic
disorders, and fetal distress.

* Diagnose sex-linked disorders, chromosomal abnormalities, and
neural tube defects.

 Determine presence of amniotic fluid in the vagina by sterile
speculum examination to diagnose rupture of the membranes.

Reference Values @

Normal

* Clear or pale yellow fluid, with volumes of 30 to 1500 mL, depend-
ing on the stage of gestation.

* AFP level is age dependent; the peak at 12 to 16 weeks is
14.5 pg/mL or 196 pmol/L.

* The creatinine level gradually declines to 1.5 to 2.0 mg/dL
(133-177 pmol/L) at fetal maturity.

¢ Lecithin-sphingomyelin (LS) ratio of 2:1 or greater indicates
pulmonary maturity; a 1:2 dilution (shake test) indicates lung
maturity.

* A bilirubin optical density of <0.02 mg/dL or <0.34 pwmol/L
indicates maturity.

* A positive fern test result shows a fern pattern, indicating amniotic
fluid rather than urine.

* A negative fern test result shows no fern pattern, indicating urine.

Clinical Implications

* Abnormal colors are associated with fetal distress, death, a missed
abortion, a chromosomally abnormal fetus, anencephaly, and
blood incompatibility.

¢ Increased volume in polyhydramnios is often associated with con-
genital abnormalities such as esophageal atresia, anencephaly, Rh
disorder, and diabetes.

* Decreased volume occurs with abnormal kidney function,
premature rupture of membranes, and intrauterine growth
retardation.

* Creatinine levels decrease with prematurity.

* Increased bilirubin levels indicate impending fetal death.

« Elevated AFP levels indicate possible neural tube defects.

* Decreased AFP levels indicate fetal trisomy 21.

« Sickle cell anemia and thalassemia are detected by fibroblast DNA
examination.

* The LS ratio is decreased with pulmonary immaturity and respira-
tory distress syndrome.
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LA

e Consider RhoGAM injection for Rh-negative women after amniocen-
tesis unless previously sensitized, especially if fluid is bloody or a sig-
nificant number of fetal cells are found in the fluid.

* A maternal (AFP) blood test can be done.

e Fetal position, viability, number, and pockets of fluid are assessed by
ultrasound before an amniotic tap.

Procedure

* Insert a special needle through the abdominal wall into the amni-
otic sac. Obtain a 20- to 30-mL specimen and apply a dressing to
the needle site.

* Perform a sterile speculum examination, obtain a sample of vagi-
nal or cervical secretions with a sterile cotton swab, and place it
on a glass slide. Let it dry and then inspect the slide under the
microscope for fern or urine formation.

Nursing Interventions

*Pretest

* Genetic counseling, including both parents, should include the
risk of a positive result and decision making regarding the risks
during pregnancy, birth, and support systems in place for affected
families after birth, as well as decision making regarding an
elective abortion, including the psychologic effects of this
choice.

» Explain the purpose and risks of prenatal diagnosis procedure and
assess for contraindications: premature labor history, incompetent
cervix, placenta previa, or abruptio placentae.

* Obtain the baseline blood pressure (BP), pulse, respiration, and
fetal heart rate.

* The patient should empty her bladder before the procedure.

*Intratest
* Provide support and reassurance during the procedure.
* Nausea, vertigo, and mild cramps may occur.

»Posttest

* Evaluate test outcomes and counsel the patient appropriately in
collaboration with the physician.

* Monitor for complications: spontaneous abortion, fetal injury,
hemorrhage, infection, and Rh sensitivity if fetal blood enters the
mother’s circulation.
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* Assess for signs of labor by palpation of the uterine fundus for
tightening and use of an external fetal monitor to assess for contrac-
tions and fetal well-being.

* Administer RhoGAM injection to the Rh-negative woman who
has not been previously sensitized.

wy
ANDROSTENEDIONE

Blood

Androstenedione is one of the major androgens produced by the
ovaries in females and to a lesser extent in the adrenal gland in both
genders.

Indications
¢ Evaluate hirsutism (abnormal or increased hair growth) and viril-
ization.

[Reference Values @

Normal

* Newborns: 20-290 ng/dL or 0.7-10.1 mmol/L

* Prepubescents: 8—50 ng/dL or 0.3—1.7 mmol/L

* Women: 75-205 ng/dL or 2.6-7.2 mmol/L

* Men: 85-275 ng/dL or 3.0-9.6 mmol/L

* Postmenopausal women: <10 ng/dL or 0.35 mmol/L (abrupt
decline at menopause)

Procedure

* Obtain a 5-mL venous blood sample in the morning and place on
ice. Serum or EDTA can be used.

 In women, collect this specimen 1 week before or after the men-
strual period. Record date of last menstrual period on the laboratory
form.

Clinical Implications
* Increased androstenedione values are associated with the follow-
ing conditions:
Stein-Leventhal syndrome
Cushing’s syndrome
Certain ovarian tumors (polycystic ovarian syndrome)
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Ectopic ACTH-producing tumor
Late-onset congenital adrenal hyperplasia
Ovarian stromal hyperplasia
Osteoporosis in females
 Decreased androstenedione values are found in the following
conditions:
Sickle cell anemia
Adrenal and ovarian failure

Nursing Interventions

*Pretest

* Explain purpose of test and blood-drawing procedure. Obtain per-
tinent history of signs and symptoms (eg, excessive hair growth
and infertility).

* Ensure that patient is fasting and that blood is drawn at peak pro-
duction (7:00 am or 0700 hours).

¢ Collect specimen 1 week before the menstrual period in women.

* Follow guidelines in Chapter 1 for safe, effective, informed pretest
care.

»Posttest

» Have patient resume normal activities.

« Interpret test results and counsel appropriately for ovarian and
adrenal dysfunction.

* Follow guidelines in Chapter 1 for safe, effective, informed posttest
care.

W
AnTIBODY TO HUMAN IMMUNODEFICIENCY VIRUS (HIV-1

AND -2); ACQUIRED IMMUNODEFICIENCY SYNDROME
(AIDS) TesT; HIV Grour O, HUMAN IMMUNODEFICIENCY
Virus (HIV-1/2)

Blood, Saliva, Urine Testing

This test is done to determine the presence of antibody to human
immunodeficiency viruses types 1 and 2 (HIV-1, HIV-2), the etio-
logic agents of acquired immunodeficiency syndrome (AIDS). An
HIV infection is described as a continuum of stages that include the
acute, transient, mononucleosis-like syndrome associated with sero-
conversion; asymptomatic HIV infection; symptomatic HIV infec-
tion; and AIDS. AIDS is end-stage HIV infection.
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Indications

« Evaluate suspected HIV infection and assessment of patients with
a history of exposure to HIV-infected persons through sexual or
parenteral activities.

* Screen persons whose blood, plasma products, tissues, and organs
are being donated for transfusion and transplantation.

* Test pregnant women and infants born to infected women.

* Test sexual partners of HIV-infected persons.

« Test after needlestick exposure or bite by infected person.

Reference Values @

Normal

* Negative: nonreactive for antibody to HIV-1 and HIV-2 using
enzyme-linked immunosorbent assay (ELISA), Western blot (WB),
and immunofixation (IFA) methods

« HIV proviral RNA: not reactive or negative by PCR

» HIV proviral DNA: not reactive or negative

* HIV core P24 antigen: not reactive or negative

* Nucleic acid test (NAT): low viral load

Clinical Implications

* A positive test result should be repeated and confirmed by other
tests.

* An ELISA test is used as a screening procedure and, if positive,
must be followed by a Western blot to confirm the presence of
antibody to HIV.

* A positive ELISA result may occur in noninfected persons
because of unknown factors.

* A negative test result tends to rule out AIDS as a diagnosis for
high-risk patients who do not have a characteristic opportunistic
infection or tumor.

» False-negative results occur for 6% to 20% of tests.

Interfering Factors

* Nonreactive HIV test results occur during the acute stage of infec-
tion, when virus is present but antibody development is not suffi-
cient to be detected. Virus may be present for up to 6 months
before the antibody can be detected. During this stage, the test
for HIV antigen may confirm an HIV infection.

* Nonspecific reactions may occur with prior pregnancy, blood
transfusions, or use of HIV test kits that are extremely sensitive.
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Procedure

e Serum (7 mL) (red-top tube) or plasma (lavender-top tube) is
obtained by venipuncture. Place the specimen in a biohazard bag
for transport.

Home HIV test users should obtain a fingerstick blood sample
with a lancet provided by the manufacturer; the sample is placed
on a test card and mailed to a certified laboratory.

Saliva or oral specimens may be obtained using a special commer-
cial testing kit. The kit’s components usually consist of a specially
treated cotton pad on a nylon stick and a vial containing preserva-
tive solution. Place the pad between the lower cheeks and gum, rub
it back and forth until moistened, and leave it in place for 2 minutes.
Remove the specially treated pad and place it in the vial of special
antimicrobial preservative solution. Place the specimen container
in a biohazard bag and transport it to the laboratory.

* A urine specimen may also be used for testing.

Nursing Interventions

*Pretest

* Assess the patient’s knowledge about the HIV test, false-positive
factors, accuracy of the test, and the test procedure.

« Assess the frequency and intensity of symptoms: increased temper-
ature, diarrhea, neuropathy, nausea, depression, and fatigue.

* Provide pretest counseling, which is essential.

* Be supportive and sensitive to the patient’s fear and anxiety.

LI CRAR

* An informed consent must be signed by any person who is being
tested for HIV/AIDS. The consent must accompany the specimen to
the laboratory, or if the patient goes to the laboratory for venipuncture,
consent must accompany the patient.

* |ssues of confidentiality surround HIV testing. The test should not be
performed without the subject’s knowledge.

* The professional ordering the test must sign a legal form stating that
patient has been informed of the risks of testing.

»Posttest

« Evaluate outcomes along with CD4 " lymphocyte cell counts and
explain significance and accuracy of the test results to the patient.
Describe behavioral modifications (eg, sexual contacts, shared
needles, blood transfusions).
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* A person who has antibodies to HIV is presumed to be infected
with the virus and appropriate counseling and medical evaluation
(treatment with potent antiviral drugs and protease inhibitors)
should be offered.

il
: ANTIDIURETIC HORMONE (ADH); ARGININE

VASOPRESSIN HORMONE
Blood

Antidiuretic hormone (ADH) is excreted by the posterior pituitary
gland. Its major physiologic function is regulation of body water. In the
dehydrated state, ADH release results in decreased urine excretion and
conservation of water. Additionally, ADH increases blood pressure.

Indications

* Provide a differential diagnosis of polyuric and hyponatremic states.

* Aid in diagnosis of diabetes insipidus and psychogenic water
intoxication.

[Reference Values @

Normal
e <2.5 pg/mL or <2.3 pmol/L

Clinical Implications

* Increased secretion of ADH is associated with the following conditions:
Syndrome of inappropriate antidiuretic hormone (SIADH) (with
respect to plasma osmolality)
Ectopic ADH production (systemic neoplasm)
Nephrogenic diabetes insipidus
Acute intermittent porphyria
Guillain-Barré syndrome
Brain tumor, diseases, injury, neurosurgery
Pulmonary diseases (tuberculosis)

¢ Decreased secretion of ADH occurs in the following conditions:
Central diabetes insipidus (hypothalamic or neurogenic)
Psychogenic polydipsia (water intoxication)
Nephrotic syndrome

Interfering Factors

* Recently administered radioisotopes cause spurious results.

* Many drugs affect results (eg, thiazide diuretics, oral hypoglycemic
agents, and narcotics).
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Procedure

* Draw venous blood samples (5 mL) into prechilled tubes and put
on ice. Plasma with EDTA anticoagulant is needed. Observe stan-
dard precautions. Place specimen in a biohazard bag.

« Ensure that patient is in a sitting position and calm during blood
collection.

Nursing Interventions

*Pretest

* Explain test purpose and procedure.

* Encourage relaxation before and during blood-drawing procedure.

* Follow guidelines in Chapter 1 for safe, effective, informed pretest
care.

»Posttest

* Resume normal activities.

* Interpret test results and counsel appropriately for urine concentra-
tion disorders and polyuria.

* Follow guidelines in Chapter 1 for safe, effective, informed
posttest care.

wy
ANTINUCLEAR ANTIBODY (ANA) TITER, ANTI-DOUBLE-

STRANDED—DNA (ANTI-DS-DNA) ANTIBODY
(ImmunoGLoBuLIN G [I6G])

Blood for Systemic Rheumatic Disease (SRD)

ANA tests are the most commonly performed screening tests for
patients suspected of having systemic rheumatic disease (SRD).
These tests measure and differentiate autoantibodies associated with
certain autoimmune diseases and related connective tissue diseases.

Indications

* Screen for systemic rheumatic diseases, systemic lupus
erythematosus (SLE), Sjogren’s syndrome, systemic scleroses,
and mixed immune disease.

* Monitor disease activity and therapy.

[Reference Values @

Normal
 Negative for ELISA and IFA method; if positive, pattern is
reported and serum is titered.
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* Anti-ds-DNA antibody IgG: negative if <25 IU by ELISA method,
borderline if 25-30 IU, positive if 31-200 IU, and strongly positive
if >200 IU.

Clinical Implications
« Positive test results point to a number of clinical disorders, as
shown in TABLE 3.1.

Interfering Factors

* Age, smoking, female gender, and several drugs cause positive
results for ANA testing. Patients receiving anticonvulsants, oral
contraceptives, procainamide, or hydralazine, for example, may
develop increased titers of even ANAs, though they may not
exhibit any clinical features of SLE.

Procedure
* Serum (7 mL) is obtained by venipuncture, using a red-top tube.
Place the specimen in a biohazard bag.

Nursing Interventions

*Pretest

* Assess the patient’s knowledge of the test and cardiac medication
usage, such as procainamide and hydralazine, which cause SLE-
like symptoms.

» Explain that the purpose of blood test is to determine the presence
of connective tissue disorder. No fasting is required.

»Posttest

 Evaluate outcomes, and monitor and counsel the patient appropri-
ately about possible treatment (eg, use of nonsteroidal anti-inflam-
matory drugs [NSAIDs], prednisone).

* Prepare for the possibility of repeat testing (ie, anti-ds-DNA
increases or decreases according to disease activity and response
to therapy). Additional tests include assays for anti-RNP, anti-Sm,
anti-SSA (anti-Ro), anti-SSB (anti-La), antiscleroderma (Scl-70),
and CREST antibody.

* Observe the venipuncture site for signs of infection. Patients with
autoimmune disease have compromised immune systems.

« Patient education plays a major role in the prevention of
infection. Infection resulting from immunosuppressive treatment
is a leading cause of death in SLE patients (DispLAYS 3.1 and
3.2).

(text continues on page 126)
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DispLAY 3.1 Autoantibodies Used in the Diagnosis of
Clinical Disorders

Diseases Autoantibodies*

Systemic lupus erythematosus dsDNA, histones, Sm, RNP,
SS-A/Ro, SS/B/La, ribosomal P

Sjogren’s syndrome SS-A/Ro, SS-B/La, Sjogren’s
syndrome antigen A or B

Rheumatoid arthritis Fc portion of IgG

Mixed connective tissue disease RNP (ribonuclear protein)

Systemic sclerosis, diffuse Scl-70 (DNA topoisomerase)

cutaneous involvement
Systemic sclerosis, limited cutaneous ~ Centromere proteins
involvement (CREST syndrome)

Dermatomyositis/polymyositis Jo-1 (histidine transfer RNA
synthetase)

Vasculitis

Wegener’s granulomatosis Proteinase-3, myeloperoxidaset

Microscopic polyangiitis Myeloperoxidase

Organ-specific autoimmune diseases
Thyroid: Hashimoto’s thyroiditis
Thyroid peroxidase (anti-Graves’
disease thyroid microsomal
antibodies),# thyroglobulin
Liver: type 1 autoimmune hepatitis ~ Smooth muscle antigens§
Liver: type 2 autoimmune hepatitis  Liver kidney microsomes (LKM)

Liver: primary biliary cirrhosis Mitochondrial antigens

Celiac disease Tissue transglutaminase?| (anti-
endomysial antibodies); gliadin

Goodpasture’s syndrome Glomerular basement membrane
antigens

Pernicious anemia Gastric proton-ATPase{[intrinsic
factor

CREST, calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly,
telangiectasia; dsDNA, double-stranded DNA; Sm, Smith; SSA, Sjogren’s
syndrome antigen A; SSB, Sjogren’s syndrome antigen B; RNP, ribonucleoprotein.

*The autoantibodies are listed by their target antigens.

FAutoantibodies to myeloperoxidase, proteinase-3, and a variety of other antigens
are known as antineutrophil cytoplasmic antibodies (ANCA), based on the IFA
detection method that uses neutrophils as a substrate.

FAutoantibodies to thyroid peroxidase are also known as antithyroid microsomal
antibodies.

§Autoantibodies to smooth muscle are often directed against actin.

||Autoantibodies to tissue transglutaminase are also known as antiendomysial
antibodies.

JAutoantibodies to gastric proton-ATPase are also known as antiparietal cell
antibodies.

125



126

ARTERIAL BLooD GASES (ABGS), BLooD GASES

Clinical Condition
Systemic rheumatic diseases

Vasculitis: Wegener’s granulo-
matosis, microscopic
polycytosis

Organ-specific autoimmune
diseases:

Graves’ disease
Liver: type 2 autoimmune
hepatitis (LKM)
Liver: primary biliary cirrhosis
Celiac disease
Goodpasture’s syndrome

Pernicious anemia

DispLAY 3.2 Autoantibodies and Common Diagnostic Tests

Thyroid: Hashimoto’s thyroiditis,

Autoantibody Test

ANA screening test

dsDNA

Histones

Sm, RNP, SS-A/Ro, SS-B/La,
Scl-70, Jo-1

Centromere proteins

Ribosomal P

Proteinase-3, myeloperoxidase

Thyroid peroxidase thyroglobulin
Liver kidney microsomes
Mitochondrial antigens

Tissue transglutaminase gliadin

Glomerular basement membrane
antigens

Gastric proton-ATPase

WP

ARTERIAL BLooD GAses (ABGS), BLoob GASES

Blood

Arterial blood is analyzed to assess the adequacy of oxygenation,
ventilation, and acid-base status. It furnishes accurate, rapid informa-
tion about how well lungs and kidneys are working.

Indications

« Evaluate ventilatory processes, acid-base disturbances, and effec-

tiveness of therapy.

* Qualify a patient for home-oxygen use.

[Reference Values

Normal

€)

pH adults: 7.35-7.45; children: 7.36-7.44

Paco,: 35-45 mm Hg (4.6-5.9 kPa)
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HCO; : 22-26 mEq/L or mmol/L

Sao,: oxygen saturation >95% (>0.95)

Pao,: >80-100 mm Hg (12.6—-13.3 kPa) (normal value decreases
with age; subtract 1 mm Hg from 80 mm Hg for every year for
patients older than 60 years up to 90 years)

Base excess (BE) or deficit: =2 mEq/L or mmol/L

Clinical Implications

Blood gas values outside of the previously stated ranges can be
grouped into two primary and four underlying disturbances for inter-
pretive basis.

pH Paco, HCO,” BE

VENTILATORY DISTURBANCE
Respiratory acidosis  Decrease Increase  Normal  Normal

Compensated Normal  Increase Increase Increase
Respiratory alkalosis Increase = Decrease Normal  Normal
Compensated Normal  Decrease Decrease Decrease

ACID-BASE DISTURBANCE
Metabolic acidosis Decrease Normal Decrease Decrease

Compensated Normal  Decrease Decrease Decrease
Metabolic alkalosis ~ Increase = Normal  Increase Increase
Compensated Normal  Increase Increase Increase

Critical Values

pH: <7.20 or >7.60

Paco,: <20 or >70 mm Hg (<2.7 or >9.4 kPa)
Pao,: <40 mm Hg (<5.4 kPa)

HCO; : <10 or >40 mEq/L (<10 or >40 mmol/L)

LI RN

e Although there are four basic disturbances, a combined
disturbance is generally the case. Uncompensated disturbances
are referred to as acute and compensated disturbances as chronic.
The terms “metabolic” and “nonrespiratory” are often used
interchangeably.

* A decrease in the Pao, is referred to as hypoxemia.

* An increase in the Paco, is referred to as hypercapnia.
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Interfering Factors

* Recent smoking can increase the carboxyhemoglobin level,
thereby decreasing the Sao, with little to no effect on the Pao,.

* Although supplemental oxygen increases the Pao,, it can also
cause CO, retention because of a decrease in ventilatory drive by
means of the hypoxic stimulus.

Procedure

* Obtain an arterial blood specimen (3—5 mL) in a heparinized
syringe. See the specimen collection guidelines in Chapter 2.

« Label the syringe with the patient’s name, identification number,
date, time, whether on room air or oxygen, and rate of flow.

* Report and compare the results against established laboratory or
clinical ranges.

e |f sample cannot be analyzed within 10 minutes, place it on ice. An
iced blood gas sample should be analyzed within 1 hour. Longer delays
can result in changes in oxygen, carbon dioxide, and pH levels.

Nursing Interventions

*Pretest

* Explain the ABG purpose and procedure.

* Assure the patient that arterial puncture is similar to other blood
tests, although a local anesthetic (1% lidocaine) can be used if
desired.

*Intratest

* During the procedure, if the patient experiences a dull or sharp
pain radiating up the arm, the needle should be withdrawn slightly
and repositioned. If repositioning does not alleviate the pain, the
needle should be completely withdrawn.

* Some patients may experience lightheadedness, nausea, and,
in some cases, vasovagal syncope; be ready to respond
appropriately.

»Posttest

* Observe frequently for bleeding. Apply pressure to the site for
5 minutes and then use a pressure dressing.

* Evaluate outcomes and assess and monitor the patient appropriately
for hypoxemia and for ventilatory and acid-base disturbances.
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W
ARTERIOGRAPHY: ARTERIES; ANGIOGRAPHY: ANTERIOR

HEART AND ADJACENT VESSELS; VENOGRAPHY:
PERIPHERAL AND VENTRAL VEINS; ARTERIOGRAPHY:
THORACIC, ABDOMINAL, AND LUMBAR AORTA; DIGITAL
VASCULAR IMAGING; DIGITAL SUBTRACTION ANGIOGRAPHY
(DSA), AND TRANSVENOUS DIGITAL SUBTRACTION
VASCULAR RADIOGRAPHY

Invasive X-ray Blood Vessel Imaging with Contrast;
Interventional Procedures

An arteriogram is an x-ray procedure requiring catheterization of
certain vessels that can be used to demonstrate the vascular anatomy
of specific areas in the body. Aortic, renal, carotid or vertebral, and
femoral arteriograms are commonly performed. Venograms of the
cavae, extremity veins, and veins of the abdomen are also performed.
Interventional procedures include angioplasty, stent placement,
abscess drainage, venous filter placement, tube placement, and tumor
embolizations (eg, liver metastases, uterine fibroids).

Indications

* Assess vessel patency.

 Determine presence of an aneurysm or arteriovenous shunting.

* Assess vascularity of a known neoplasm.

 Ensure vena cava filter placement.

* Provide preoperative and postoperative evaluation for vascular and
tumor surgery.

* Provide nonsurgical intervention for known pathologies.

[Reference Values @

Normal

» Normal vascular anatomy, with no evidence of stenosis, aneurysm,
or other arteriovenous malformation

* Normal carotid arteries, vertebral arteries, and abdominal aorta
and its branches; normal renal and peripheral arteries

Clinical Implications
Abnormal findings indicate the following:

* Stenosis or occlusion of vessels, aneurysm, arteriovenous malfor-
mations, incorrect placement of vena cava filter
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« Intravascular or extravascular tumors or other masses
* Pulmonary emboli and ulcerative plaque

Interfering Factors

* Metallic objects that overlie the area of interest interfere with
visualization of anatomy.

* Patient motion interferes with image quality.

« Severe obesity adversely affects image quality.

Procedure

 The patient is positioned on an operating table and IV access is
maintained. Typically, ECG and a pulse oximeter are applied.
Procedural/moderate sedation is administered.

« Using sterile techniques and standard precautions, a local anesthetic
is injected in the tissues surrounding the selected catheterization site.

* Various guide wires and catheters are introduced into the blood
vessel and directed under fluoroscopic guidance. An iodinated
contrast agent is introduced into the blood vessel of choice while
x-ray imaging is performed. When iodine contrast agents are con-
traindicated, some labs use sterile CO, as an alternative.

* Procedure time depends on the complexity of the examination and
the patient’s condition. One hour is typical.

* When the catheter is removed at the end of the exam, pressure is
applied over the site.

Nursing Interventions

*Pretest

* Assess for test contraindications such as pregnancy, sensitivity to
iodine or latex, and evidence of renal failure.

* Most x-ray laboratories require that current creatinine, prothrom-
bin time (PT), partial thromboplastin time (PTT), and platelet
levels be available.

« Assess for a history of anticoagulation therapy (eg, Persantine
[dipyridamole], Coumadin, aspirin).

* The patient must fast for a minimum of 6 to 8 hours before the pro-
cedure to minimize vomiting if an iodine contrast reaction occurs.

* Explain the examination purpose and procedure. Make certain that
jewelry and metallic objects are removed from the area of study.

*Intratest

¢ Provide support during the procedure.

* The patient must be coherent and cooperative, able to hold his or
her breath, and remain absolutely still when so instructed.

» Some discomfort is to be expected; administer medications as
directed. Monitor vital signs.
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»Posttest

* Monitor vital signs and report and document unstable signs.

* Check the catheterization site for signs of infection, hemorrhage,
or hematoma.

* Monitor the neuromuscular status of the extremity.

« Instruct the patient to increase fluid intake to at least 2000 mL for
the 24 hours after the procedure to facilitate excretion of the
iodine contrast agent and to avoid strenuous physical activity for
at least 12 hours postprocedure.

¢ Order a follow-up blood test for kidney function.

* Diabetic patients who take the oral drug metformin (Glucophage)
require preprocedure and postprocedure modifications because of the
potential for renal failure with lactic acidosis when contrast is used.
Check with the radiology department or the physician regarding
diabetes control medications.

wy
ARTHROGRAM, ARTHROGRAPHY

X-ray Imaging with Joint Contrast

An arthrogram involves multiple x-ray examinations of encapsulated
synovial joint structures after injection of contrast agents into the joint
capsular space. Knee, ankle, shoulder, hip, elbow, temporomandibular
joint, and wrist arthrograms are commonly performed under local
anesthesia.

Indications
« Evaluate persistent, unexplained joint pain.
 Evaluate cartilage, tendons, and ligaments.

[Reference Values @

Normal
* Normal filling of joint space, bursae, ligaments, articular cartilage,
menisci, and tendons
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Clinical Implications

* Narrowing of joint space, dislocation, ligament tear or rotator
cuff rupture, ligaments, cartilage, tendons, cysts, or synovial
abnormalities

Interfering Factors

» Metallic objects that overlie the area of interest interfere with
organ visualization.

« Severe obesity adversely affects image quality.

Procedure

* A local anesthetic is injected in the surrounding tissues. A needle
is placed into the joint space (ie, knee, shoulder, ankle, hip, elbow,
wrist, or metacarpophalangeal joints). Fluid from the joint may be
aspirated. An iodinated contrast agent or a negative contrast agent
such as air is introduced into the joint space. After needle removal,
the joint is manipulated to distribute the contrast material. X-ray
films of the joint are taken in several positions.

* Local anesthetic or procedural/conscious sedation may be used.

* The procedure time is generally less than 1 hour.

Nursing Interventions

*Pretest

« Assess for test contraindications such as pregnancy and sensitivity
to iodine.

* Explain the procedure and use of sedation and local anesthesia.
Some discomfort is expected during contrast agent injection and
joint manipulation.

« Instruct the patient to remove jewelry and metallic objects from
the joint to be examined.

*Intratest

* Provide support during needle placement. Some discomfort is to
be expected.

* Encourage the patient to follow positional instructions during
contrast manipulation and x-ray exposures.

»Posttest

 Evaluate outcomes and monitor the patient appropriately for
extreme swelling, pain, and signs of infection.

* An elastic bandage may be applied to the joint for several days and
ice packs or analgesics may be used to alleviate pain.

* Check for complications at the injection site.
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* Cracking or clicking noises may be heard in the joint for 1 to 2 days
after the procedure. This is normal. Notify the physician if this
noise persists or if increased pain, swelling, or redness occurs.

ARTHROSCOPY

Endoscopic Joint Imaging

Arthroscopy is a visual examination of a joint with a fiber-optic
endoscope and is frequently associated with a surgical procedure.

Indications

* Detect and diagnose diseases and injuries of the meniscus, patella,
condyle, extrasynovial area, and synovium.

* Differentiate degenerative processes from injuries.

* Assess response to treatment.

[Reference Values @

Normal

* Normal joints, vasculature, and color of synovium, capsule,
menisci, tendons, ligaments, and articular cartilage

Clinical Implications

* Torn or displaced meniscus or cartilage, trapped synovium, loose
fragments of joint components, torn or ruptured ligaments, necro-
sis, nerve entrapment, fractures, nonunion of fractures, and
subluxation

* Degenerative disease, osteochondritis, osteoarthritis, inflammatory
arthritis, osteochondritis desiccans (ie, cartilage and bone detach
from the articular surface), chondromalacia, cysts, ganglions, and
infections

* Chondromalacia of femoral condyle (ie, wearing down of back of
knee cap, producing a grinding sensation)

Interfering Factors

* Ankylosis, fibrosis, sepsis, or contrast medium from previous
arthrogram may be present in the joint

Procedure

 Under general, local, or spinal anesthesia, an arthroscope is inserted
into the joint through a small incision after a tourniquet is applied
to the area. After the joint is aspirated, continuous irrigation
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flushes the joint during the procedure. Specimens are retrieved from
the flush solution.

 Photographs and videotapes are frequently obtained during the
process.

* The joint is compressed as instruments are withdrawn to expel the
irrigant. Steroids or local anesthetics may be injected into the joint
at end of the procedure.

* The wound is closed and dressed. Splints or immobilizers may be
applied.

Nursing Interventions

*Pretest

* Explain the test purpose and procedure.

* The patient should fast from midnight before the procedure, unless
otherwise ordered.

*Intratest
* Follow the usual protocols for arthroscopic procedures in the oper-
ative environment.

»Posttest

 Apply ice immediately after the procedure.

* Manage the patient’s recovery according to protocols. Check the
neurovascular status of the affected extremity (eg, color, tempera-
ture, motion, sensation, pulses, and capillary refill times).

* Administer pain medication as needed or ordered, and ice and ele-
vate the affected area if ordered.

« Instruct the patient to report numbness, tingling, coldness, duski-
ness (ie, bluish color), swelling, bleeding, fever, or abnormally
severe pain to the physician immediately. Mild soreness and a
mild grinding sensation for a few days are normal.

* No drugs or alcohol are permitted for 24 hours after the procedure.

[ LI AN

= On elevating the leg, make sure the entire leg is elevated in a straight
position.

* Signs of thrombophlebitis include calf tenderness, pain, and warmth.
Instruct the patient to report these symptoms immediately. Note: Do
not massage the area.

e Compartment syndrome is a musculoskeletal complication that occurs
most frequently in the forearm or leg. This is an emergency situation
and usually requires surgical intervention to release the pressure.
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Wy
AuToPSY AND POSTMORTEM PROCEDURES, INCLUDING

ORGAN AND TISSUE DONATION

Organs, Tissues, Fluids

Autopsy is a procedure used to determine the cause and manner of
death by detailed examination of internal and external body struc-
tures and by specific postmortem laboratory tests and procedures.
Organs and tissues for transplantation may be procured with special
family consent before and during an autopsy.

L CLINICAL ALE

* All deaths, whether from a natural sequence of events, during medical
treatment, in unexplained circumstances, or criminally related, need to
be investigated for the cause and manner of death so that the legal
death certificate is accurately completed, signed, and recorded.

» Natural death is the cessation of cardiorespiratory function from a dis-
ease process (eg, metastatic cancer, myocardial infarction, cerebrovas-
cular accident, pneumonia) or from the natural progression of life
events (ie, old age).

* Medicolegal death results from some unnatural, unexpected, unusual,
or suspicious event such as homicide, suicide, accident, or untoward
outcome of a medical procedure.

e Consent from the family is required unless autopsy is ordered by the
coroner or medical examiner.

Indications

* Mandatory or routine in sudden, suspicious, or unexplained death.

* Investigate accidental and work-related deaths.

« Identify and track disease prevalence, incidence, and traumas
associated with certain lifestyle changes and with environmental
and occupational influences.

* Provide evidence for civil or criminal suits and for insurance
settlements.

[Reference Values @

Normal

 External and internal findings are within normal limits or demon-
strate no significant pathology related to the cause of death.
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* Gross and microscopic findings are within normal limits, or abnor-
malities are related to the cause of death.

* No drugs, alcohol, or other toxic substances are present in
blood, bile, urine, and ocular fluids or detected by toxicology
screens.

» No evidence of inherited metabolic disorders on metabolic
autopsy.

Clinical Implications

In autopsies and postmortem procedures, causes of death are catego-

rized as natural and unnatural.
The most common natural causes include the following:

* Cardiovascular

* Brain related

* Respiratory

* Gastrointestinal

* Other (eg, hemorrhage, sepsis)

The most common unnatural causes include the following:

* Trauma

* Sudden infant death syndrome (SIDS)
¢ Fire or smoke inhalation

* Drowning

¢ Electrocution

* Hyperthermia (heat)

» Hypothermia (cold)

* Embolism

* Homicide

[ LI AR

e Observe standard precautions during these procedures.

* Indicate location of wounds, skin lesions or abrasions, and other
abnormal markings on a diagram.

* Process toxicologic specimens if indicated. Specimens for toxicologic
analysis include the following: all ocular fluid from both eyes, blood
with sodium fluoride preservative (50 mL), blood with sodium fluoride
preservative (retainer tube, 10 mL), liver tissue (3 g), bile fluid (10 mL),
urine (50 mL), and stomach and bowel contents.

* Store specimens and fragments in paper envelopes or bags; never use
plastic, which allows mold and fungus to grow.
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Procedure

* Obtain a signed consent from the family unless the autopsy is
ordered by the coroner or medical examiner.

* The body is identified and tagged; weigh and measure the height;
map, measure, and record in detail distinguishing features, mark-
ings, and colors from head to toe, front, back, sides, extremities,
and all surface features. Particularly note injuries, wounds, and
bruises (individual and patterns). Fingerprints are made (fingertips
of children) only in criminal cases.

 Photograph and obtain x-ray films for wounds, fractures, and for-
eign bodies (ie, two views in criminal cases). The head and chest
are photographed in nonhospital deaths.

¢ Clean the body and record the features again. Photograph as
needed.

* The autopsy proceeds in an orderly manner. Complete dissection
of the major body cavities (thoracic and abdominal, including
removal and sectioning of all major body organs), head, and neck
is performed.

* Section all major organs. Save sections (entire organs in some
cases) for microscope slide preparation for further examination
and as evidence. Retain organs and slides as required.

[ LA

e |f an external examination is done in lieu of an autopsy, collect blood
from the subclavian vessel and vitreous humor from the eyes.

» On completion of autopsy, return organs (not saved for slides or
evidence) to body cavity and suture the body cavity.

* Release the body immediately to a funeral home for burial or crema-
tion according to the family's wishes. If there are legal questions, the
body may be kept for some time.

* Specific blood tests are sent to a qualified laboratory for toxicology
tests as ordered by the pathologist, medical examiner, or law enforce-
ment officials.

* Toxicology screens are used. Alcohol screens determine the levels of
various alcohols; acid-neutral screens detect barbiturates and salicy-
lates; basic screens detect tranquilizers, synthetic narcotics, local
anesthetics, antihistamines, antidepressants, and alkaloids. Higher-
volatile screens use gas chromatography to detect substances such as
toluene, benzene, trichloroethane, and trichloroethylene; and cannabis
screens detect the presence of marijuana.
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Procedure for Postmortem Cultures

* Sometimes, it is necessary to collect specimens for culture. Most
internal organs of previously uninfected persons remain sterile for
about 20 hours after death.

« Use sterile instruments and gloves when obtaining specimens for
culture. Clean the area with a povidone-iodine 5-minute scrub,
followed by a 70% alcohol 5-minute scrub.

* For sample collection, aspirate body fluid samples and transfer
them to a sterile tube, or swab the area with sterile swabs.

 Obtain blood culture specimens from the right ventricle of the heart.

¢ Collect peritoneal fluid immediately after entering the peritoneal
cavity.

¢ Collect bladder urine directly from the bladder with a syringe and
needle.

* Sample pericardial or pleural cavity fluid on a swab or with a
syringe and needle.

* Sear the external surface of an abscess to dryness with a red-hot
spatula; collect pus with a syringe and needle (if possible), or use
a swab.

[ LI AR

e Evidence, which may include clothing, a toothbrush, eyeglasses, and
other items, should be transported to the proper laboratory as quickly
as possible.

From hands: Automobile armrest, baseball cap brim, bottle cap, choco-
late bar (the handled end), dime, doorbell, electrical cord, ignition
switch, keys, pen, seat-belt buckle, shoelaces, wiener.

From mouth and nose: Bite mark, chicken wing, envelope, glass rim,
lipstick, peach strudel, ski coat collar, telephone receiver, welding
goggles.

From eyes: Contact lens fragments in vacuum cleaner, tears on a
tissue, eyeglasses.

From the body in general: Burned remains, hair comb, automobile
headrest, razor, shirt underarms, socks, and urine in snow.

e Chapter 2 describes methods for collection of evidentiary specimens.

DNA Evidence Procedure and Collection

of Specimens for Criminal Evidence

DNA extracted from the victim or related evidence is compared with
samples taken from a suspect. Scientists can be more certain when
they are eliminating suspects.
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Special Procedures

Drug Overdose Procedure

Photograph evidence suggesting drug abuse, such as injection sites on
body; presence of drug paraphernalia or drugs; and drug residue on lips,
face, teeth, oral cavity, tongue, nose, or hands. Assess the mouth area
and body for bite marks and “fall” injuries (ie, suggests seizure activity
associated with drug ingestion). Check the lymph nodes, spleen, and
liver (ie, abnormal in an intravenous drug abuser).

Special Battery Procedure

If sexual assault is suspected, the following evaluations are done
in order. With the body supine (ie, face up), obtain scalp and pubic
hair, oral samples, and semen from inner thighs. With the body prone
(ie, face down), obtain an anal specimen first and then a vaginal spec-
imen. Collect fingernail evidence. Collect 25 pubic hairs from entire
vulvar area. Collect 25 head hairs from affected area. Obtain oral,
anal, and cervical specimens and obtain specimens from other areas
suspected of containing DNA (ie, blood, saliva, bite marks, and
semen).

Child Abuse and SIDS Procedure

Obtain radiographs and photographs of the entire body. For SIDS pro-
cedure, obtain bile and blood-dried spot specimens to detect inherited
metabolic disease as cause of death. Perform external examination of
the conjunctival petechiae, fingertip bruises, torso and shoulders
(front and back), frenulum, and back; the posterior thighs and but-
tocks may be incised (from buckles or other sharp objects). Perform
an internal examination for hematomas (due to direct injury); if pres-
ent and there is no evidence of head trauma, remove the eyes and
examine the retinas (ie, they show characteristic signs in presence of
SIDS). Document recent or healed fractures and the estimated time of
injury.

Procedure for Time of Death

Although the time of death is usually not a major issue, determination
of this time is important in natural deaths (ie, insurance and other death
benefits) and unnatural deaths (ie, unwitnessed or when body parts
have been intentionally altered to conceal an individual’s distinguish-
ing features). The time of death estimate is based on the presence of
rigor mortis, or stiffening of the body. Rigidity appears instantly or up
to 6 to 12 hours after death. Livor mortis is a reddish purple color
caused by settling of blood in dependent body parts because of gravity;
onset is immediate. Algor mortis is cooling of the body; body temper-
ature interpretation is based on cocaine use, presence of infections, or



140 AuTOPSY AND POSTMORTEM PROCEDURES

fever before death. Decomposition is the chemical breakdown of cells
and organs by intracellular enzymes and putrefaction from bacterial
action. Gastric emptying is the movement of food from stomach;
digestion and stomach emptying vary in life and death. Chemical
changes occur after death; for example, the potassium concentration
increases in the vitreous fluid of the eye. Insect activity is used to time
the death; flies and other insects are associated with decomposed bod-
ies, but any attempts to fix time of death using insect evidence should
be done with the aid of an entomologist.

The time of death is expressed as an estimate of the time range
during which a death could have occurred. Witnesses and a history
of decedent’s activities or environment assist in the time of death
determination.

@ QOrgan and Tissue Donation

Organs and tissues for transplantation are procured before and dur-
ing autopsy. Tissues that can be donated at or after death include the
eyes and various other tissues that remain viable for up to 24 hours:
cornea (several days), heart valves, bones, tendons, fascia, veins,
and arteries.

[ LA

e Organs and tissues for transplantation are procured before and during
autopsy.

e A special consent form must be signed by a responsible adult and wit-
nessed by a health care professional.

e Life-saving organs (eg, kidneys, lungs, heart, pancreas, liver,
intestines) are harvested before autopsy.

* Other tissues and organs (eg, eyes, bones, connective tissues, joints,
ligament, heart valves, and veins) are harvested simultaneously with
autopsy procedures or after autopsy.

* A request for organ donation is made in any hospital or medical exam-
iner death (in many states), and the request and answer report are
documented in the deceased person’s chart or record.
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Indications for Organ Donor Testing

* Determining history of cancer and the exposure to infectious dis-
ease (eg, viral hepatitis B and C, possibly TT virus in the future,
HIV-1, HIV-2, human T-cell lymphotrophic virus [HTLV-1 and -2],
cytomegalovirus [CMV], syphilis, other sexually transmitted dis-
eases) to possibly exclude the organ.

* Matching donor and recipient.

* Establishing blood-type compatibility, ABO and Rh, for all trans-
plant donors and recipients.

* Testing postmortem specimens for hepatitis B and HIV.

 Cadaver donor blood specimens are usually obtained before death,
except in postmortem specimens for corneal transplantation,
which may not be procured until days after death.

Procedure
» Obtain common blood and urine samples for initial testing and
evaluation of the potential organ donor.

Nursing Interventions

*Pretest

* Discuss potential tissue and organ donation with grieving family
members.

* Determine if the possible donor is suitable for eye and tissue
donation.

* Be sensitive. Allow family members to have as much time as
needed to see their loved one.

* See the Transplant Testing section.

*Intratest

* Preparing the body for tissue donation after consent has been
given includes applying saline drops to the eyes, paper taping the
eyes closed, placing eye pads over the brow, and placing the body
in a refrigerated morgue if possible (DispLAY 3.3).

 Type human leukocyte antigens (HLAs) on lymphocytes and
determine compatibility before kidney and pancreas transplanta-
tion. A strong reaction in compatibility testing predicts rapid trans-
plant rejection and is a contraindication.
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Organ Transplant
For all

Kidney
Liver

Pancreas
Intestine
Heart

Lung

DispLAY 3.3 Laboratory Tests for Organ Transplants

Test

Complete blood count (CBC), white
blood cell count, creatinine, blood
urea nitrogen, electrolytes, prothrombin
time, partial thromboplastin time

Urinalysis

Bilirubin (direct and indirect), alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT),
alkaline phosphatase, lactate
dehydrogenase

Glucose, amylase, lipase

Bilirubin (direct and indirect)

Arterial blood gases (ABGs), creatinine
kinase (CK), CK-MB

ABGs

Adapted from Phillips, M. G., & Malinin, T. (1996). Donor evaluation for
organ and tissue procurement. In Phillips, M. G. (Ed.), Organ procurement,
preservation and distribution in transplantation (pp. 67-79). Richmond,

VA: UNOS.

[ LI CO

ToxiN

Acetaminophen
Carbon monoxide
Barbiturate
Ethanol

Cocaine

Cyanide

Methaqualone
Benzodiazepines
Tricyclic antidepressants
Methanol

Insulin

e Toxins that can be found in transplanted organs.

ORGANS TRANSPLANTED

Heart, cornea, kidney

Heart, liver, kidney, pancreas

Liver, heart, kidney

Kidney

Liver, kidney

Cornea, skin, bone, heart, liver,
kidney, pancreas

Liver

Kidney, heart, liver

Kidney

Kidney

Kidney, heart, pancreas (islet cells)
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[ LN

* Victims of poisoning may be organ donors, especially in cases deter-
mined by brain death status:

ToxiNn OPTIMAL CONDITION FOR TRANSPLANT

Ethylene glycol, methanol Acidosis corrected; serum alcohol
level low or absent

Cyanide Shock corrected; serum cyanide level
<8 mEqg/L or mmol/L

Nursing Interventions

»

Pretest: Family Preparation

Explain the rationale for procedures after death and for donation of
tissue or organ. Concern and respect for the deceased and signifi-
cant others can reduce anxiety and objections to or misinterpreta-
tion of after-death testing. Obtain a signed, witnessed consent form
for the autopsy and donation.

If family members are undecided about an autopsy, they may wish
to consider it as an option when no firm medical diagnosis has
been established; in the event of an unexpected or mysterious
death of apparent natural causes or suspected exposure to environ-
mental or other hazards; or to identify hereditary, genetic, or con-
tagious diseases. The cause of death could affect insurance settle-
ments and other legal matters if the death was associated with
unexpected medical or obstetric complications, occurred during
the use of experimental drugs, or occurred as the result of certain
dental, invasive, surgical, or diagnostic procedures.

Consider the family’s cultural habits and practices. Human
response to the death of a loved one varies among different soci-
eties, religions, cultures, and races, and postmortem examination
and organ donation may be offensive to some groups.

Assure family members that nothing will be done without their
permission, except as required by law. If fear of mutilation or
delay in release of body for burial is a concern, provide clear and
concise information to help with decision making. The autopsy
procedure itself does not preclude a normal funeral, including
viewing the body. In case of religious dilemmas, facilitate
counseling and communication with clergy.

Conflict may occur when the statutory authority is at odds with the
family’s wishes. Explanations may help with conflict resolution.
Use team approach of medical examiner, clergy, funeral director,
and law enforcement.
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»Posttest: Family Aftercare

« Interpret death investigation results and counsel the family about
the findings. Counsel families about organs and tissue procured
for donation.

« After the investigated life events and death scene, autopsy, and lab-
oratory tests are completed, data from all sources are scrutinized
and analyzed. Findings are then documented and certified on the
death certificate, where they become a matter of public record. This
information may be shared with the decedent’s immediate family,
become a part of a court deposition process, or both.

e |f HIV status of decedent is not directly related to the cause of death,
the decedent’s HIV status need not be recorded.

e Cancer is reported when it is first discovered or confirmed upon autopsy.

* High risks for examiners and participants in postmortem procedures

are the transmission of tuberculosis, hepatitis B, AIDS, and Jakob-
Creutzfeldt disease.

Barium ENEmA (BE), DErecocrAPHY (DEF), CoLoN
X-RAY, AIR-CONTRAST STuDY, ANUS AND RECTUM,
EvacuATIVE PORTOGRAPHY

Air-Contrast Study, X-ray with Barium, Contrast Enema

The examination uses x-ray and fluoroscopic studies to demonstrate
the anatomy of the large intestine (colon) and allows visualization of
the filling and movement of contrast through the colon. DEF and
evacuative portography are contrast studies of anus and rectum func-
tion during evacuation (used in young patients).

Indications

» Exclude obstruction, polyps, diverticula or other masses, fistula,
and inflammatory changes.

« Evaluate bowel changes and abdominal pain.

* Provide treatment of intussusception.

Reference Values @

Normal

* Normal position, contour, filling, movement time, patency of the
large bowel and colon, and appendix size and position.
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Clinical Implications

* Congenital deformities, bowel obstruction, stenosis, or megacolon

 Benign lesions such as diverticula, polyps, tumors, fistulas, and
hernia

* Inflammatory changes such as colitis, appendicitis, chronic ulcera-
tive colitis, and intussusception

e Carcinoma

Interfering Factors

* Retained fecal material caused by poor or inadequate bowel
cleansing.

* Inability of the patient to maintain contrast-filled colon long
enough to allow complete examination.

« Severe obesity adversely affecting image quality.

Procedure
* The patient lies on his or her side on the exam table and is given a
contrast agent (usually barium) in the form of an enema through
the rectum (ie, up through the sigmoid, descending, transverse,
and ascending colon) or through a stoma. Under fluoroscopy, the
colon is completely filled to the ileocecal junction. For a satisfac-
tory examination, the contrast-filled colon must be maintained for
several minutes while x-ray films are taken. In most instances, air
is also introduced into the colon (ie, air-contrast or double-
contrast enema).
The patient is instructed to retain barium while spot films are
taken with the patient in a variety of positions. A postevacuation
film can also be taken to document colon emptying. Total exami-
nation time is approximately 30 minutes.
* Defecography requires the patient to evacuate into a specially
designed commode while being evaluated fluoroscopically.

Nursing Interventions

*Pretest

* Assess for test contraindications (usually pregnancy). Explain the
examination purpose and procedure.

* No food or beverage is allowed for approximately 6 to 8 hours
before the study. Make certain that jewelry and metallic objects
are removed from abdominal area.

* Special attention is necessary for diabetic patients. Because of the
pretest fasting, the administration of insulin or some oral
hypoglycemic agents may be contraindicated for the day of and
several days after the test.
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* Bowel preparation routines vary (usually a three-step process)
over 1 to 2 days and may involve any combination of diet restric-
tions preceding the test, mechanical cleaning with enemas and
physiologic stool softeners, or cleaning with laxatives.

»Posttest

¢ Provide fluids, food, and rest after study. Administer laxatives for
1 to 2 days or until the stool returns to normal.

* Observe and record stool color and consistency to determine if all
barium has been eliminated from the bowel.

 Evaluate outcomes and provide the patient with support and coun-
seling about further tests and possible treatment.

[0 LI AN

* The use of barium is contraindicated when bowel perforation is sus-
pected. A water-soluble, iodinated contrast is substituted for barium in
this instance.

* Multiple enemas given before the procedure, especially to a person at
risk for electrolyte imbalances, could rapidly induce hypokalemia.

e Caution should guide the administration of cathartics or enemas in the
presence of acute abdominal pain, active bleeding, ulcerative colitis,
or obstruction.

« Strong cathartics administered in the presence of obstructive lesions
or acute ulcerative colitis can produce hazardous or life-threatening
situations.

* Complications can occur when barium sulfate or other contrast media
are introduced into the gastrointestinal tract.

e Fasting orders include oral medications except when specified other-
wise.

* Determine whether the patient is allergic to latex or barium and inform
the radiology department.

Wy
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Blood, Sputum, Tissue, Stool, Urine, Gastric Contents,
Lymph Node Samples

Bioterrorism: Infectious diseases that may arise in a bioterrorism con-
text include botulism, anthrax, smallpox, hemorrhagic fever, Hantaan
virus, Ebola virus, yellow fever, plague, bubonic plague, and primary
septicemic plague.
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Botulism

Botulism is caused by Clostridium botulinum (seven types) and
results when the toxin is absorbed by a mucosal surface (eg, GI tract
or lung) or a wound into the circulation system. Botulinus toxin is the
most poisonous substance known. The organism is found in under-
cooked food that is not kept hot (eg, foil-wrapped baked potatoes
held at room temperature, contaminated condiments, sautéed onions,
or cheese sauce).

Reference Values @

Normal

 Absence of botulinus toxin.

* Absence of incremental response to repetitive nerve stimulation
on electromyogram.

Clinical Implications
 Botulism paralyzes muscles, and untreated patients die quickly
because they cannot breathe.

Anthrax

Anthrax is caused by Bacillus anthracis and can be contracted cuta-
neously, through the GI tract, and by inhalation. The organism is con-
tracted by handling or consuming undercooked meat from infected
animals, contact with inhalants from animal products (eg, wool), or
intentional release of spores.

Reference Values @

Normal

 Negative for the B. anthracis organism (appears as two to four
cells, encapsulated).

Clinical Implications

¢ The isolation of B. anthracis rods confirms the diagnosis of
anthrax.

Hemorrhagic Fever (HF) and Yellow Fever

Hemorrhagic fever (HF), hemorrhagic fever with renal symptoms
(HFRS), and yellow fever associated with hepatitis are endemic
threats in the United States and are caused by Hantaan virus, Ebola
virus, and 17 other viruses that cause HF in rodents or deer mice.
Hantavirus sin nombre (no name) virus causes hantavirus pulmonary
syndrome (HPS). The organisms are found in rodent vectors in HF
and mosquitoes in yellow fever.
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[Reference Values @

Normal

* No evidence of Hantaan virus, Ebola virus, or the 17 other viruses
that cause HF in rodents or deer mice.

Clinical Implications

» Growth of Hantaan, Ebola, or 17 other causative viruses in cultures
or the presence of hantavirus antigens is evidence of disease.

* Thrombocytopenia is present in blood samples.

Plague, Bubonic Plague, and Primary Septicemic Plague

Plague, bubonic plague, and primary septicemic plague are caused
by Yersinia pestis. Plague is an enzootic infection of rats, squirrels,
prairie dogs, and other rodents.

[Reference Values @

Normal
* Negative for the presence of Y. pestis.

Clinical Implications

* A positive test for Y. pestis is evidence of disease; treatment (eg,
streptomycin, tetracycline, doxycycline) should begin
immediately. Isolation is not necessary, as person-to-person trans-
mission has not been identified.

Smallpox

Smallpox is caused by variola virus, a DNA virus; only a few virions
are required for transmission. Smallpox takes two principal forms:
variola minor and variola major. Two other forms, hemorrhagic and
malignant, are difficult to recognize. Smallpox is transmitted from
person to person by means of coughing, direct contact, or contami-
nated clothing or bedding.

[Reference Values @

Normal

* No Guarnieri bodies isolated in scrapings of skin lesions. Absence
of brick-shaped virions (ie, variola virus) confirmed by electron
microscopy. Low levels of neutralizing, hemagglutination-inhibiting
factor or complement-fixing antibodies.

Clinical Implications

« Evidence of virions or Guarnieri bodies indicates the presence of
smallpox. High levels of antibodies indicate infection.
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Tularemia

Tularemia is caused by Francisella tularensis. Two subspecies exist:
type A, F. tularensis biovar tularensis, which is highly virulent in
humans, and type B, F tularensis biovar palaearctica, which is rela-
tively avirulent. This intracellular parasitic disease spreads to humans
by infected animals or contaminated water, soil, and vegetation. Mice,
squirrels, and rabbits become infected through tick, fly, or mosquito
bites. Humans contract the disease through the skin, mucous mem-
branes, lungs, and GI tract.

Reference Values @

Normal

* Absence of the F. tularensis organism.
» Negative serum antibody titers.

Clinical Implications

« Identification of F. tularensis and increased antibody titers indicate
the presence of tularemia.

Procedure
General procedures for all bioterrorism infections or disease include
the following:

* Specimens should be processed in a Biological Safety Level 2
(BSL2) microbiological laboratory or Biological Safety Level 3
(BSL3) laboratory if there is a high potential for aerosolization
(eg, from centrifugation procedures).

* Surfaces should be decontaminated, using household bleach solu-
tions (5.25% hypochlorite) diluted 1:10. Contaminated clothing or
linens should be disinfected per standard precaution protocols,
which usually include washing in soap and water, transporting
laundry or waste in biohazard bags, and autoclaving before laun-
dering or incineration. For contaminated instruments, autoclave
following immersion in decontaminated solution.

Specific procedural requirements for each infection or disease
specimen collection include the following.

Botulism

* Specimens are obtained from blood, stool, gastric aspirates or vom-
itus, and, if available, suspected food. All samples are examined for
the presence of botulinus toxin and should be refrigerated.

¢ At least 30 mL of venous blood should be obtained in a red-top
Vacutainer.
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« If the patient is constipated, an enema (with sterile water) can be
used to obtain an adequate fecal sample. Saline should not be
used for enemas, as it will interfere with the bioassay.

 The use of anticholinesterases (eg, physostigmine salicylate
or pralidoxime chloride) by the patient can interfere with the
bioassay.

* In some cases, an electromyogram is performed to differentiate cause
of acute flaccid paralysis.

Anthrax

« For GI anthrax, samples of gastric aspirate, feces, or food should
be collected, along with three blood samples for culture.

* For inhalation anthrax, a sputum specimen or, in the later stages, a
blood sample should be used.

« For cutaneous anthrax, two dry, sterile swabs should be soaked in
vesicular fluid (in a previously unopened vesicle).

* For the analysis of samples, a certified Class II biological safety
cabinet (BSC) should be used.

Hemorrhagic Fever and Yellow Fever
* Specimens of blood, sputum, tissue, and possibly urine should be
obtained.

Plague, Bubonic Plague, and Primary Septicemic Plague

* Specimens of blood, sputum, or lymph node aspirate should be
obtained.

 No rapid diagnosis exists for plague. Cultures take about 24 to
48 hours to complete.

Smallpox

* Specimen collection and examination should be performed by lab-
oratory personnel who have recently been vaccinated.

* Skin lesions are opened with a blunt instrument (eg, blunt edge of
a scalpel) and the vesicular or pustular fluid collected on a cotton
swab.

* Scabs can also be used as specimens and should be removed with
a forceps.

* Specimens are placed in a Vacutainer tube, restoppered, and
sealed with adhesive tape.
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* The Vacutainer tube is then placed in a durable, watertight container
for transport.

* Specimens for virus cell culture can also be obtained from the oral
cavity or oropharynx by use of a cotton swab.

* A Biosafety Level 4 (BSL4) laboratory is required.

Tularemia

* Specimens of respiratory secretions (ie, sputum), blood, lymph
node biopsies, or scrapings from infected ulcers are obtained.

* Sputum samples are collected after a forced deep cough and
placed in a sterile, screw-top container.

* For blood samples, obtain 5-7 mL in a Vacutainer by venipuncture.

* From an infected ulcer, obtain a skin scraping at the leading edge
of a lesion and place in a clean, screw-top tube.

* Presumptive identification of F. tularensis should be done in a
BSL2 laboratory.

* Confirmation of the organism should be done in a BSL3 laboratory.

« Laboratory personnel who may have had a potential infective
exposure should be given prophylactic antibiotics if the risk of
infection is high (eg, needlestick).

* Postexposure prophylactic antibiotic treatment of persons in close
contact with the infected patient is not recommended except for
pregnant women, considering person-to-person transmission has
not been documented.

Nursing Interventions

*Pretest

* Explain the necessity, purpose, procedure for testing, and risks of
obtaining specimens (eg, with anthrax).

* Obtain a history of occupations (eg, handling infected animal
carcasses), community settings, (eg, rural or urban), and living
accommodations and circumstances (eg, recent heavy rains,
mosquitoes, tropical climate, port city, near military warfare
[bioterrorism]).

* Obtain a pertinent history of signs and symptoms related to the
specific infection or disease; that is, botulism (paralysis of chest
muscles and sudden inability to breathe); anthrax (fever, dyspnea,
coughing, chest pain, heavy perspiration, and bluish skin caused
by lack of oxygen); hemorrhagic fever and yellow fever (pneumo-
nia, fever, muscular pain, jaundice, renal failure, hemorrhage from
nose and GI tract, facial swelling); plague (sudden-onset fever;
chills; general weakness; and swollen, tender lymph nodes,
usually in groin, axilla, or cervical areas); smallpox (chills, fever,
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backache, pustules that become a pockmark); and tularemia
(bloody sputum, coughing, infected cutaneous ulcers, enlarged
lymph glands).

»Posttest
* Interpret test results, counsel and provide supportive care, and
monitor for signs and symptoms of specific infection.
« If disease is contagious and transmitted from person to person,
isolate the patient immediately according to infection control stan-
dards (eg, as in smallpox).
Monitor treatment of specific infection, that is, botulism (admin-
ister an antitoxin [equine antitoxin] in a timely manner to
minimize subsequent nerve damage); anthrax (administer antibi-
otics); hemorrhagic and yellow fever (administer antibiotics for
secondary bacterial infections, correct dehydration, treat acidosis
and blood cell abnormalities, and monitor close and high-risk
contacts for 21 days); plague (provide postexposure antibiotic
prophylaxis for 7 days for persons having close contact [=2 m]
with an infected individual); and tularemia (postexposure
treatment includes antibiotics [treat pregnant women with
ciprofloxacin because rare cases of fetal nerve damage, deafness,
and renal damage have been reported with some of the aminogly-
cosides]).
* Report diseases to official government agencies as applicable.

wy
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Blood Infection

Normally, blood is considered sterile. A blood culture is done to
identify the specific aerobic or anaerobic microorganism that is caus-
ing a clinical infection. Ideally, two to three cultures (1 hour apart)
are adequate to identify bacteria causing septicemia.

Indications

« Evaluate for bacteremia, septicemia, meningitis, and endocarditis
in debilitated patients receiving antibiotics, steroids, or immuno-
suppressants.

« Investigate unexplained postoperative shock, chills, hyperventila-
tion, and fever of more than several days’ duration (eg, UTIs,
infected burns, sepsis).
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[Reference Values @

Normal
» Negative cultures for pathogens; no growth after 5-7 days.

Clinical Implications

* Positive cultures and identification of pathogens, the most
common of which are Staphylococcus aureus, Escherichia coli,
Enterococcus (Streptococcus D), Streptococcus pneumoniae,
Klebsiella pneumoniae, Corynebacteria group JK, and anaerobes
(Bacteroides sp., Clostridium sp., Peptostreptococcus, and Actino-
myces israeli), Streptococcus pyogenes (Streptococcus A),
Pseudomonas, and Candida albicans.

Interfering Factors

» Contamination of the specimen by skin bacteria.

* Transient bacteremia caused by teeth brushing or bowel
movements.

Procedure

« Using the appropriate tube, blood (20-30 mL) is obtained by
venipuncture using careful skin preparation and antiseptic techniques
following the specimen collection guidelines in Chapter 2.

* Scrub the puncture site with Betadine (povidone-iodine solution),
allow to dry, and then clean the area with 70% alcohol.

¢ Collect two to three cultures at least 30 to 60 minutes apart (if
possible) per 24-hour period.

* In iodine-sensitive patients, a double-alcohol, green soap or acetone-
alcohol prep may be used.

Nursing Interventions

*Pretest

* Assess the patient’s knowledge about the test, signs and symptoms
of infection (eg, chills, fever, shock), and medication use (specifi-
cally, antibiotics).

 Explain the purpose and timing of the blood test procedure.

»Posttest

 Send the specimen to the laboratory immediately. Label with the
patient’s name, age, date and time, number of the culture, notation
of the patient’s isolation category, and whether the patient is on
antibiotics.

* Counsel the patient regarding results, possible need for further
testing to identify where the infection is located in the body, and
treatment (eg, triple antibiotic therapy).
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e Critical value: positive culture. Notify the physician.

wl
. BLoop Grouprs (ABO GRrours)

Blood, Saliva, Tissue

Tests before Transfusion or Transplantation

Human blood is grouped according to the presence or the absence of
specific blood group antigens (ABO). These antigens, found on the
surface of red blood cells (RBCs), can induce the body to produce
antibodies. Compatibility of the ABO group is the foundation for all
other pretransfusion testing.

ANTIGENS ANTIBODIES
BLooDp PRESENT ON RED  PRESENT IN
GroUP ABO ANTIGENS  BLooD CELLS SERUM
A A A Anti-B
B B B Anti-A
AB A and B AB None
O Neither A nor B None Anti-A, Anti-B

Blood group O is called the universal donor for red blood cells;
because no antigens are present on red blood cells, a person with
blood group O can donate blood to all blood groups.

Blood group AB is called the universal recipient for red blood
cells; because no serum antibodies are present, a person with blood
group AB can receive blood from all blood groups. Blood group AB
is also called the universal donor for fresh frozen plasma; because no
serum antibodies are present, a person with blood group AB can
donate plasma to all blood groups.

In general, patients are transfused or receive transplants with
blood or tissue of their own ABO group because antibodies against
the other blood antigens may be present in the blood serum. These
antibodies are designated anti-A or anti-B, based on the antigen
they act against.

Indications
« To prevent incompatibility reactions before blood transfusion (donor
and recipient).
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* Before tissue or organ transplantation (donor and recipient).
« Performed as part of prenatal testing.
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e A transfusion reaction could be extremely serious and potentially fatal.
The blood group must be determined in vitro before any blood is trans-

fused into an individual.

leukemia, or infection.

[Reference Values

Normal

* Group A, B, AB, or O (DispLAY 3.4)

Clinical Implications

ANTIGEN

PRESENT ON  ANTIBODIES

RED BLOOD PRESENT IN

CELLS SERUM

None Anti-A,
Anti-B

A Anti-B

B Anti-A

AB None

MAJOR BLOOD
GRoupP
DESIGNATION

O (universal
donor)*

A

B

AB (universal
recipient)}

* Before blood administration, two professionals (physicians or nurses)
must check the recipient’s blood group and type with the donor group
and type to ensure compatibility.

* A blood group change or suppression may be induced by cancer,

€)

DISTRIBUTION
IN THE UNITED
STATES

0—46%
A—A41%
B—9%

AB—4%

*Named universal donor because no antigens are present on red blood cells;

therefore, the person can donate blood to all blood groups.

FNamed universal recipient because no serum antibodies are present; therefore,
the person can receive blood from all blood groups.

Procedure

* Obtain a 7-mL, venous, clotted blood sample in a red-top

Vacutainer tube.

« Test for saliva or tissue if ordered.
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DispLAY 3.4 Incidence and Frequency of Blood Group

and Rh Type

Blood Group Frequency
and Rh Type Incidence of Occurrence
O Rh-positive lof3 37.4%
O Rh-negative 1of 15 6.6%
A Rh-positive 1of3 35.7%
A Rh-negative 1of 16 6.3%
B Rh-positive 1of 12 8.5%
B Rh-negative 1 of 67 1.5%
AB Rh-positive 1 of 29 3.4%
AB Rh-negative 1 of 167 0.6%

Follow Chapter 1 guidelines for safe, effective, informed posttest care.

Nursing Interventions
»Pretest
» Explain the test purpose and procedure.

»Posttest

* Inform the patient about his or her blood group and interpret the
meaning. Rh type may have implications for the pregnant woman
and the fetus.

* Maintain confidentiality of the results, especially in legal
situations.
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Bone Marrow from Cancellous/Long Bones

A bone marrow specimen is obtained through aspiration biopsy or nee-
dle biopsy to fully evaluate blood cell formation (ie, hematopoiesis).

Indications

 Diagnose hemolytic blood disorders by analyzing cell number
appearance, development, presence of infection, and deficiency
states of vitamin By,, folic acid, iron, and pyridoxine.

» Diagnose primary and metastatic tumors, infectious diseases, and
certain granulomas.

 Help the diagnosis and staging process of solid malignancies and
leukemias.
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« Isolate bacteria or other pathogenic agents by culture.
* Evaluate effectiveness of chemotherapy/therapy and monitor
myelosuppression.

[Reference Values @

Normal

« Different types of formed cell elements in given numbers, ratios,
and stages of maturation are identified.

Clinical Implications

* Abnormal cell patterns, leukemia, Hodgkin’s disease, multiple
myeloma, anemia, agranulocytosis, polycythemia vera, and
myelofibrosis

* Infection, rheumatic fever, mononucleosis, chronic inflammatory
disease, and many others

¢ Lipid or glycogen storage disease

* Deficiency of body iron stores, microcytic anemia

* Platelet dysfunction

Procedure

* Inject a local anesthetic (eg, procaine or lidocaine). Cleanse as in
any minor surgical sterile procedure. The preferred site is the pos-
terior iliac crest.

« Using sterile technique, aspirate a fluid specimen (0.5 mL) that
contains suspended marrow pustule from the bone marrow. Dur-
ing needle biopsy, a core of actual marrow cells (not fluid) is
removed. A small incision is made before the introduction of spe-
cial needle.

« Label the specimen properly and promptly deliver it to laboratory.

Nursing Interventions

*Pretest

* Instruct the patient about the procedure and purpose.

* Administer moderate sedation/analgesia, if ordered.

« Sites used for bone marrow aspiration or biopsy affect pretest,
intratest, and posttest care. Sites used include the posterior supe-
rior iliac crest; anterior iliac crest (if the patient is very obese);
sternum (not used as often with children because cavity is too
shallow; danger of mediastinal and cardiac perforation is too
great; and observation of procedure is associated with apprehen-
sion and lack of cooperation); vertebral spinous processes T10
through L4 and ribs; tibia (often in children); and ribs.
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e Assess for contraindications, such as severe bleeding disorders (eg,
hemophilia).

¥Intratest
* Position according to the site selected and assist in preparing the
local anesthetic (ie, procaine or lidocaine) for injection.

»Posttest

* Monitor vital signs until stable and assess the site for excess
drainage or bleeding.

* Evaluate discomfort and administer analgesics or sedatives as nec-
essary.

» Osteomyelitis or injury to the heart or great vessels is rare but can
occur in a sternal site. Fever, headache, unusual pain, or tissue red-
ness or abscess at biopsy site may indicate infection (may be a
later event). Instruct the patient to report unusual symptoms to the
physician immediately.
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OSTEOPOROSIS SCAN PROCEDURES
Special Bone Density Imaging

Bone densitometry helps diagnose osteoporosis or osteopenia, often
before fractures occur, by measuring bone mineral density. X-ray
absorptiometry for measuring bone mineral density (BMD) includes
the following special modalities:

* Dual-energy absorptiometry (DEXA or DXA) to measure spine,
hip, and forearm density.

* Peripheral dual-energy absorptiometry (pDXA) to measure fore-
arm density.

« Single-energy x-ray absorptiometry (SXA) to measure the heel
and forearm density.

Indications

» Determine bone mineral content and density to detect osteoporosis
and osteopenia.

« Diagnose osteoporosis related to early premenopausal oophorectomy
or estrogen deficiency syndrome or in postmenopausal women.
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« Evaluate osteoporosis that may be related to unexplained or multi-
ple fractures, multiple myeloma, anorexia, prolonged immobility,
gastrointestinal malabsorption, and chronic renal diseases.

* Detect vertebral abnormalities.

* Evaluate the results of x-ray films that indicate osteopenia.

* Differentiate the causes associated with osteopenia such as
endocrinopathies (eg, hyperparathyroidism, prolactinoma, Cush-
ing’s syndrome, and male hypogonadism and hyperthyroidism)
and treatment-related osteopenia (eg, long-term heparin, anticon-
vulsant, or steroid therapy).

* Monitor osteoporosis treatment such as hormone replacement
therapy, exercise, calcitonin analog, vitamin D, and calcium sup-
plements.

 Aid in making an informed decision at the onset of menopause
regarding the risks and benefits of hormone replacement
therapy.

Reference Values @

Normal

 The absence of osteoporosis or osteopenia when assessing BMD
* Normal T score of —1.0 or above

* Osteopenia: below —1.0 to —2.5

* Osteoporosis: below —2.5

Clinical Implications

» Abnormal scans may be associated with estrogen deficiency in
postmenopausal women, vertebral abnormalities, osteoporosis
diagnosed from x-ray films, hyperparathyroidism, and long-term
corticosteroid therapy.

Interfering Factors

* False readings may occur with the following:
Nuclear medicine scans in the previous 72 hours.
Barium studies in the previous 7 to 10 days.

* Calcified abdominal aortic aneurysm may increase the BMD of
the spine.

* Prosthetic devices or metallic clips surgically implanted in areas
of interest falsely increase the BMD of these bones.

Procedure

* The patient is positioned in such a way as to keep the scanned area
immobile. Jewelry or other objects overlying bone and previous
bone fractures should be removed.
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A foam block is placed under both knees during the spine scan,
and a leg brace immobilizer is used during the femur scan; an arm
brace is used when scanning the forearm.

Nursing Interventions

*Pretest

« Instruct the patient about the BMD scan purpose; the procedure
for measuring spine, hip, and forearm; benefits; and the patient’s
involvement.

* Inform the patient that no special preparation such as fasting or
sedation is needed.

* Encourage the patient to wear cotton garments, free of plastic or
metal.

« Ask the patient to remove all metallic objects (eg, jewelry, belts,
buckles, zippers, coins, keys) before the test.

*Intratest

 Reassure the patient that the test is proceeding normally.

* The BMD study takes about 35 to 45 minutes, and no pain is asso-
ciated with the procedure.

* This test does not involve radiopharmaceuticals.

»Posttest

* Serial studies may be ordered to measure the effectiveness of
treatment.

« If outcomes indicate osteoporosis, advise weight-bearing exercise,
strength training, prescribed medications, and calcium and magne-
sium supplements.
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Nuclear Medicine, Skeletal Imaging

This procedure involves injecting a bone-seeking radiopharmaceuti-
cal to visualize the skeleton. It is done primarily to evaluate and mon-
itor patients with known or suspected metastatic disease to the bone.

Indications

* Evaluate unexplained skeletal pain, trauma, or frostbite.

* Assess infection sites and rule out osteomyelitis versus cellulitis.

 Diagnose, stage, and follow up on metastatic diseases.

« Evaluate patients with primary bone tumors, fractures, and com-
pression fractures of the vertebral column.
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« Evaluate pediatric patients with hip pain to assess possible child
abuse, bone growth plates, and age of traumatic injuries and
infections.

[Reference Values @

Normal

* Symmetrical concentration of radiopharmaceutical in axial skele-
ton (head and trunk) and slightly less uptake in limbs

» Regression of metastasis after treatment

Clinical Implications

Abnormal concentrations indicate the following:

* Any process increasing calcium turnover rate is reflected by
increased uptake in the bones, including early bone disease and
healing and metastatic bone disease (multiple focal areas in axial
skeleton are common).

 Extraskeletal, abnormal intense uptake may occur rarely in the
myocardium, brain, spleen, and gastrointestinal tract.

* Primary and secondary cancers, multiple myeloma, osteomyelitis,
arthritis, necrosis, child abuse, bone graft viability imaging.

Interfering Factors
« False-negative bone imaging may occur in patients with multiple
myeloma of the bone and follicular thyroid cancer.

Procedure

Bone Imaging

+ ®Tc-MDP, a radioactive phosphate, is injected intravenously.

* A 2- to 3-hour waiting period is necessary for the radio-
pharmaceutical to concentrate in the bone. During this time, the
patient drinks four to six glasses of water.

* Before imaging, the patient must empty the bladder because a full
bladder obscures pelvic bones. The scan takes about 30 to 60 min-
utes to complete.

* Whole-body images and single-photon emission computerized
tomography (SPECT) may be performed.

Nursing Interventions

*Pretest

« Instruct the patient about the purpose and procedure of bone
imaging.

* Assess for incontinence and urine elimination problems and notify
the nuclear medicine department of potential concerns.
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« If the patient is in pain or debilitated, assist him or her to void
before the test.

¢ Pain medication may be necessary for any patient who may have
difficulty lying still during the imaging.

* The test should be deferred for pregnant or breast-feeding women.

¥Intratest

¢ Avoid urine contamination of the patient, the patient’s clothing, or
the imaging table or bedding.

* The patient must lie still during the examination.

»Posttest

* Assess the outcomes and counsel the patient regarding the possible
need for follow-up bone images. The flare phenomenon occurs in
patients with metastatic disease who are receiving a new therapy. It
is caused by a healing response in prostate and breast cancers within
the first few months of a new treatment. These lesions should show
marked improvement on scans 3 to 4 months later.

¢ Urge fluids and frequent urination to promote excretion of the
radionuclide.

* Monitor the injection site for signs of infection and extravasation
of the radiopharmaceutical agent.

* Observe and treat mild reactions with medications: pruritus,
rashes, and flushing reactions 2 to 24 hours after injection; some-
times nausea and vomiting may occur.

wy
BrAIN AND CEREBRAL BLOOD FLOw IMAGING

Nuclear Medicine Scan, Neurologic Imaging

The imaging uses several different radiopharmaceuticals that can
cross the blood-brain barrier (BBB) and provide information about
brain perfusion and function.

Indications

» Evaluate stroke, dementia, abscess, seizure disorders, Alzheimer’s
disease, Huntington’s disease, epilepsy, Parkinson’s disease, and
schizophrenia.

* Detect brain trauma and tumors in adults and children.

* Determine brain death by documenting absent intracerebral
perfusion.

» Evaluate encephalitis in adults and children.

 Determine presence or absence of intracranial blood flow.
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 Assess children with hydrocephalus, locate epileptic foci, assess
metabolic activity, and assess childhood development disorders.

* Assess adults with early-onset dementia for whom a diagnosis of
normal pressure hydrocephalus is possible.

« Evaluate infectious disease (eg, encephalitis, Lyme disease, toxo-
plasmosis, lupus, and CNS lymphoma) and psychiatric disorders.

[Reference Values @

Normal

» Normal extracranial and intracranial blood flow, normal distribu-
tion and symmetry with highest uptake in the gray matter, basal
ganglia, thalamus, and peripheral cortex, and less activity in the
central white matter and ventricles.

Clinical Implications

* Abnormally decreased radionuclide distribution occurs in certain
brain diseases (eg, Alzheimer’s, dementia), seizure disorders,
epilepsy, Parkinson’s disease, mental disorders, and in recent stroke.

¢ The cerebral blood flow in the presence of brain death shows a
distinct image of no tracer uptake in the anterior or middle
cerebral artery or the cerebral hemisphere and the presence of
uptake in the scalp.

Interfering Factors

* Any patient motion (eg, coughing, leg movement) can alter cere-
bral alignment, as well as sudden reaction to loud noises.

» Sedation may affect brain activity.

Procedure

« The radionuclide technetium **™Tc bicisate (ECD)/Neurolite or
M e exametazime/ceretec is injected intravenously, and imaging
usually begins within half an hour of administration and takes
about 1 hour to complete.

» With the patient in the supine position, SPECT images are
obtained around the circumference of the head.

Nursing Interventions

*Pretest

* Explain the brain imaging purpose and procedure.

* Because precise head alignment is crucial, advise the patient to
remain quiet and still.

¥Intratest
* Provide support and assure the patient that the test is proceeding
normally.
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»Posttest

* Evaluate outcomes and counsel the patient appropriately regarding
further tests and possible treatment.

» Monitor the intravenous injection site for infection, extravasation,
or hematoma.

wy
BREAST BioPsy AND PROGNOSTIC MARKERS

Cells and Tissue

Breast tissue and cells are examined to determine surgical margins,
presence or absence of vascular invasion, and tumor type, staging,
and grading. Secondary studies relevant to survival may include
imaging procedures, along with estrogen and progesterone hormone
receptors (ER and PR) and DNA ploidy.

Indications for Biopsy

« Establish the presence of breast disease, diagnose histopathology,
and classify the process.

 Confirm and characterize calcifications noted in prebiopsy mam-
mogram and abnormal ultrasound.

lleference Values @

Normal

Negative for malignant or abnormal cells/tissues.

No vascular invasion.

Negative or of no significance for following prognostic markers:

* S-phase fraction (SPF): low levels of SPF appear to correlate with
longer survival and a reduced chance of relapse.

* Cathepsin D: may promote tumor spread.

* Epidural growth factor receptor (EGFR): correlates with
ER-negative tumors, aneuploid tumors, and lymph node
metastases.

* TP53 gene: tumor suppression gene regulates cell cycles.

* HER?2 oncogen: used to predict response to chemotherapy.

Clinical Implications

* Favorable prognostic indicators include tumor size of less than
1 cm, a low histologic grade, tumor-negative axillary lymph
nodes, and ER- and PR)- positive tumors.
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« Fibroplasia and fibroadenoplasia are benign conditions.
* High levels of HER2 in recurrent metastatic breast cancers are
associated with a poor response to conventional chemotherapy.

Procedure

* Breast tissue specimens may be obtained by open surgical
technique, x-ray—guided core biopsy, or needle biopsy. Place the
specimen in a biohazard bag. These specimens are taken directly
to the laboratory and given to the pathologist or histotechnologist.

* The breast tissue is examined and the extent of the tumor is deter-
mined. Reaction margins are evaluated and the grade and stage of
disease are identified.

Nursing Interventions

*Pretest

 Explain the biopsy purpose and procedure. Obtain and record rele-
vant family or personal history, prior biopsy, trauma, recent or cur-
rent pregnancy, nipple discharge, location of lump, and how the
lesion was detected.

* Open-breast biopsies are performed under local or general anesthe-
sia. Procedural or moderate sedation may be used with local anes-
thesia. NPO status is required when general anesthesia is used.

¢ Provide information and support, recognizing the fear the patient
experiences about the procedure and outcome.

»Posttest

« If general anesthesia is used, follow the recovery protocols.

« Interpret the biopsy outcome and counsel the patient appropriately
about possible further testing and treatment (eg, surgery, chemother-
apy, hormone therapy).

* TCH (docetaxel [Taxotere] and carboplatin combined with trastuzumab
[Herceptin]) regimen has recently been approved in the treatment of
HER?2-positive early breast cancer.

wy
BREAST IMAGING OF BREAST MASSES

(SCINTIMAMMOGRAPHY)

Nuclear Medicine, Tumor Imaging

This scan can visualize breast masses using a radiopharmaceutical
specific to breast tumors. Scintimammography is used in conjunction
with indeterminate mammography. This test aids in decreasing the
number of unnecessary breast biopsies.
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Indications

« Differentiate between benign and malignant lesions; more specific
than x-ray mammography.

* Monitor after breast biopsy surgery, radiation therapy, and
chemotherapy.

¢ Detect axillary lymph node involvement by breast cancer.

* Assess the lymphatic drainage of tumor and metastatic spread to
vulva, uterus, penis, head, or neck.

Reference Values @

Normal

* Uniform distribution of radiopharmaceutical uptake in the breasts
without focal areas of concentration.

 No focal uptake in lymphatic tissue.

» No abnormal lymph node (indicated by obstruction to tracer).

Clinical Implications

* Abnormal increased focal uptake is found in cases of
fibroadenoma and adenocarcinoma.

» Nonuniform increased diffuse uptake of activity in fibrous dyspla-
sia, which may be unilateral or bilateral.

« Several areas of increased focal uptake are often seen in cases of
multifocal breast cancer.

* Axillary metastasis is detected as focal areas of increased uptake
in the axillary nodes.

* Abnormal nodes show leaks into adjacent tissue and unusual col-
lateral lymph drainage pathways.

* The first lymph node to drain the tumor invariably contains the tumor.

Interfering Factors

* Detectable radioactivity from a previous nuclear procedure.

» To eliminate a false-positive appearance, the patient is injected on
the opposite side of a known lymphatic lesion or in the foot.

« Extravasation of the radiopharmaceutical can result in “hot spots”
of radioactivity in the location of the axillary lymph nodes.

Procedure

* The radiopharmaceutical, *™Tc sestamibi, is injected intravenously
in the opposite arm from the breast that is of concern or in the foot.
For lymph node imagery, the tracer is injected intradermally or sub-
cutaneously.

* The patient lies in the prone position on a special cutout table that
allows the breasts to hang through the table unobstructed. For
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lymph node exam, special positioning is required (see sentinel
node testing, under alphabetical listing).

« The patient is also placed in the supine position with the arms
raised (for obtaining images of the axillary lymph nodes).

* The total time for breast scans is approximately 45—60 minutes;
for lymph node scans, images are obtained immediately and
2—4 hours after injection.

* An optional SPECT examination may be requested by the nuclear
medicine physician. This examination may take an additional 30 to
40 minutes.

Nursing Interventions

*Pretest

* Instruct the patient about the breast and lymph node scan
purposes, procedures, benefits, risks, and patient involvement.

* There are no dietary or medication restrictions.

* Remove all clothing and jewelry from the waist up.

* Defer the test for breast-feeding women. The test is contraindicated
during pregnancy.

*Intratest

 Reassure the patient that the test is proceeding normally.

* Provide privacy during the procedure and respect the patient’s rights.

»Posttest

* Assess outcomes and counsel the patient appropriately.

* Monitor the injection site for signs of infection, extravasation, or
bleeding.

* Observe and treat mild reactions, including pruritus, rash, and
flushing, 2 to 24 hours after injection. Patients sometimes have
nausea and vomiting.

L 114
BREAST ULTRASOUND-BREAST SONOGRAM, BREAST

ECHOGRAM, SONOMAMMOGRAPHY

Ultrasound Imaging

This noninvasive study is useful for differentiating the nature of
breast masses identified by palpation or x-ray mammography.

Indications

« Differentiate a cystic lesion from a solid breast lesion.

* Perform imaging of male, very young, pregnant, very dense,
augmented, or lactating breasts, or silicone breast implants.

* Guide during biopsy or cyst aspiration.
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[Reference Values @

Normal

* Symmetrical echo patterns in both breasts, including subcutaneous,
mammary, and retromammary layers.

Clinical Implications

* Presence of space-occupying lesions: cysts, solid masses,
hematomas, abscesses, duct dilation, calcifications, lymph and
muscle metastasis, enlarged lymph nodes.

Procedure

* A coupling medium, usually a gel, is applied to exposed breast to
promote transmission of sound.

* A handheld transducer is slowly moved across the breast.

* Total examination time is approximately 15 to 25 minutes.

Nursing Interventions

*Pretest

» Explain the breast ultrasound examination purpose and procedure.
Because no radiation is used, breast ultrasound is effectively used
in very young or pregnant patients.

» Explain that a coupling gel will be applied to skin. Although the
couplant does not stain, advise the patient to avoid wearing
nonwashable clothing.

»Posttest

* Remove or instruct the patient to remove any residual gel or glue
from skin.

« Evaluate outcomes and provide the patient with support and coun-
seling about further testing (eg, biopsy).

wy
BroNCHOSCOPY

Endoscopic Respiratory Tract Interventional Imaging

This invasive examination is done to view, diagnose, and treat disor-
ders of the trachea, bronchi, and selected bronchioles with a flexible
fiberoptic bronchoscope.

Indications
* Diagnose tumors, stage lung cancer, determine surgical resectabil-
ity, and locate hemorrhage site.
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* Evaluate trauma, nerve paralysis, and inflammation.

* Assess the patient before and after lung transplantation.

* Remove foreign bodies (eg, teeth, food).

* Assess intubation damage.

* Place large-airway stents.

 Use bronchoscopy aspirates to diagnose Mycobacterium tuberculo-
sis infections, pathogenic fungi, Legionella, and Nocardia species.

« Perform transbronchial needle biopsy in suspected cases of lung
cancer.

[Reference Values @

Normal

* Normal trachea, bronchi, nasopharynx, pharynx, and select
peripheral airways.

Clinical Implications

* Abnormal findings indicate fibrosis, bronchogenic cancer, tumors,
fractured airway, upper-airway obstruction after smoke inhalation,
signs of nonresectability, and inflammatory and infectious processes.

Procedure

* A local anesthetic is applied to the tongue, pharynx, and epiglottis.
The bronchoscope is inserted through the mouth, nose, endotracheal
tube, or tracheostomy and advanced into the pulmonary system.

* Sputum, biopsies, and bronchial brushings specimens may be col-
lected for cytology, culture, and sensitivity test.

 Continuous pulse oximetry readings indicate levels of oxygen sat-
uration before, during, and after the procedure.

* Moderate sedation/analgesia (eg, midazolam) is often used.

 Bronchoalveolar lavage with 20-mL aliquots of normal saline (up
to 100-120 mL) may be done to obtain alveolar infiltrates.

* Typically, bronchoscopy is performed under fluoroscopic
guidance during lung biopsy.

Nursing Interventions

*Pretest

* Reinforce information related to the purpose, procedure,
equipment, and sensations.

 Explain that local anesthetic is bitter and that numbness occurs
rapidly. Feelings of a thickened tongue and sensation of something
in the back of the throat pass within a few hours. Gag, cough, and
swallowing reflexes are blocked.
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* Explain NPO restrictions for at least 6 hours before the procedure
to reduce risk of aspiration.

« Instruct the patient to remove hairpieces, nail polish, makeup, den-
tures, jewelry, and contact lenses before examination.

*Intratest

« Use relaxation techniques to help the patient relax and breathe
normally during procedure.

* Administer intravenous procedural sedation according to protocols
and watch for untoward reactions.

* Monitor vital signs and oxygen saturation (via continuous pulse
oximetry). Report abnormal values immediately.

* Collect specimens if ordered.

»Posttest

* Monitor breathing patterns, lung sounds, and vital signs. Have
resuscitation equipment and a tracheotomy setup available. Con-
tinue pulse oximeter monitoring and O, administration if indicated.

A semi-Fowler position is used for conscious patients, and a side-
lying position is used for sedated or unconscious patients.

* Do not administer oral food or fluids until the gag reflex returns
(about 2 hours after the test).

« Instruct the patient to spit out saliva rather than swallow it.

* Discourage coughing and throat clearing when biopsies have been
done.

* Collect sputum specimens as ordered and according to protocols.

 Anti-angiogenesis drugs, e.g., vascular endothelial growth factor
and epidermal growth factor receptor inhibitors, have recently
been approved in the treatment of non-small-cell lung cancer.

[ LA

e Rarely, deaths have occurred from excessive premedication or topical
anesthesia, respiratory arrest, hemorrhage, or spasms.

 Watch for signs and symptoms of bleeding, shock, cardiac arrhythmias,
allergic reaction, hypoxemia or hypoxia, or respiratory failure.

e |f fever, tachycardia, and hypotension develop, this may indicate onset
of gram-negative sepsis. Blood cultures and aggressive antibiotic ther-
apies, together with other supportive therapies, usually are instituted.

e Laryngospasm or bronchospasm (indicated by respiratory stridor, dysp-
nea, or wheezing) is an emergency situation.

e Decreased or absent breath sounds, cyanosis, dyspnea, and sharp pain
may indicate pneumothorax and must be treated as an emergency.
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Canpipa FUNGAL ANTIBODY TEST—SMEAR AND CULTURE

Blood, Urine, Sputum, Tissue, Skin, Infected Nails,
Cerebrospinal fluid (CSF)

This test detects the presence of antibody to Candida albicans and is
helpful in the diagnosis of systemic Candida infection, which occurs
in immunocompromised individuals with depressed T-cell levels and
can be life threatening.

Indications

* Evaluate Candida infection when the diagnosis of systemic infec-
tion cannot be shown by culture or tissue sample.

* Evaluate Candida infection when positive culture results are
obtained from specimens with high potential for contamination,
such as that from the urinary tract.

-'erence Values @

Normal

* Negative for Candida antibodies or presence of candidal infection
in smears and cultures.

Clinical Implications

* A titer greater than 1:8 using latex agglutination indicates
systemic infection.

* A fourfold rise in titer of paired blood samples 10 to 14 days apart
indicates acute infection.

« Patients on long-term intravenous therapy treated with broad-
spectrum antibiotics and persons with diabetes commonly have
disseminated infections caused by C. albicans. The disease also
occurs in bottle-fed newborns and in the urinary bladder of
catheterized patients.

* Vulvovaginal candidiasis, common in late pregnancy, can transmit
candidiasis to the infant in the birth canal.

Interfering Factors

« Cross-reaction can occur in cryptococcoses and tuberculosis.

« False-positive results can occur in superficial mucocutaneous can-
didiasis or severe vaginitis.
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* Immunocompromised patients frequently have false-negative
results because of their impaired ability to produce antibody.

Procedure

* Serum (7 mL) is obtained by venipuncture, using a red-top Vacu-
tainer.

* Smears and cultures may also be obtained.

* Observe standard precautions and place specimen in a biohazard
bag for transport.

Nursing Interventions

*Pretest

« Assess the patient’s knowledge about the test and symptom history.
Symptoms include pain, burning, discharge, swelling, erythema,
and dysuria.

* Explain the Candida test purpose and blood-draw procedure. No
fasting is required.

»Posttest

* Evaluate the outcome and counsel the patient appropriately about
infection and possible treatment (eg, medications). Check
venipuncture sites for signs of infection.

L

C-ReacTIVE PROTEIN (CRP) AND HIGH-SENSITIVITY
C-ReacTIVE PROTEIN (HS-CRP)

Blood

C-reactive protein (CRP) is an acute-phase plasma protein
produced in the liver in response to infection or injury virtually absent
from the blood of healthy persons. CRP has been associated with
atherothrombosis and has been used as a predictor of cardiovascular
events (e.g., myocardial infarction and stroke), and hypertension.

Indications

* Monitor acute inflammation, bacterial infection, and acute tissue
destruction.

 Evaluate progress of rheumatic fever under treatment and postop-
erative recovery.

* Predict cardiovascular disease risk.

* Monitor healing process in cases of burns and organ transplantation.



C-ReacTIvE PROTEIN (CRP) 173

« Identify patients at higher risk of stenosis before percutaneous
coronary intervention (PCI), such as coronary stenting.

[Reference Values @

Normal

* CRP: <0.8 mg/dL or <8 mg/L, determined by rate nephelometry

* hs-CRP: <0.1 mg/dL or <1 mg/L, determined by immunoturbidi-
metric assay

Clinical Implications

* Positive reaction indicates the presence of an active inflammatory
process: rheumatic fever, rheumatoid arthritis, myocardial infarc-
tion, or active, widespread malignancy.

* Failure of CRP to decrease during the postoperative period
suggests postoperative infection or tissue necrosis.

Interfering Factors

* Oral contraceptives and estrogens may affect CRP levels.
* Smoking and exercise increase CRP levels.

Procedure

* A 7-mL serum sample is obtained by venipuncture, using a red-top
tube.

» Observe standard precautions and transport the specimen to the
laboratory in a biohazard bag.

Nursing Interventions

*Pretest

* Assess the patient’s knowledge about the test and the signs and
symptoms of systemic infection.

* Explain the blood test purpose and procedure. A fasting sample is
preferred.

* Determine whether the patient is taking oral contraceptives.

»Posttest

* Evaluate the outcome and monitor the patient for inflammatory
processes.

» Advise the patient that repeat testing is often done during the
postoperative period or during the treatment of autoimmune
disease.

* A positive test result indicates active inflammation but not its
cause.
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L

C3 AnND C4 ComPLEMENT COMPONENTS
Blood

Testing for the C3 and C4 components of complement is performed
when the total complement (CHs) level is decreased. C3 is synthe-
sized in the liver, macrophages, fibroblasts, lymphoid cells, and skin.
C4 is synthesized in bone and lung tissue.

Indications

* C3 and C4
Investigate an abnormally decreased total complement (CHs) level.
Assess connective tissue and autoimmune diseases (eg, SLE).

* C3—Investigate a history of repeated infections; assess degree of
nephritis severity.

* C4—Confirm hereditary angioedema.

[Reference Values @

Normal

Adult normal values: C3 = 75-175 mg/dL (0.75-1.75 g/L) by rate
nephelometry; C4 = 14-40 mg/dL (140-400 mg/L) by rate neph-
elometry; CHs, = 95-185 U/mL (95-185 kU/L)

Clinical Implications

* Decreased C3 levels are associated with most active diseases with
immune complex formation, such as severe recurrent bacterial
infections caused by C3 homozygous deficiency, active SLE, acute
poststreptococcal glomerulonephritis (APSGN), membranoprolifer-
ative glomerulonephritis (MPGN), end-stage liver disease, and
absence of C3b inactivator factor.

* Increased levels of C3 are found in numerous inflammatory states.

* Decreased C4 levels are associated with acute SLE, early
glomerulonephritis, cryoglobulinemia, hereditary angioneurotic
edema, in-born C4 deficiency, and immune complex diseases.

« Increased levels of C4 are associated with malignancies.

Interfering Factors

* Analysis requires that specimen for C3 or C4 be separated from a
clot and immediately frozen.

Procedure
* A 7-mL serum sample for both C3 and C4 is obtained by venipunc-
ture using a red-topped tube.
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Nursing Interventions

*Pretest

* Explain that C3 and C4 are used for determining whether a patient
has an immune complex disease, such as SLE or rheumatoid
arthritis; C3 is further used for assessing renal involvement.

»Posttest
* Evaluate the results, counsel the patient appropriately about repeat
testing, and monitor for inflammations and malignancies.

L

CARDIAC CATHETERIZATION AND ANGIOGRAPHY,
HEART CATHETERIZATION, ANGIOCARDIOGRAPHY,
CORONARY ARTERIOGRAPHY

Special Heart Interventional Study, X-ray Imaging
with Contrast

These procedures are performed to detect abnormalities in the car-
diac chambers, valves, and vasculature by means of invasive arte-
rial and venous catheters that carry contrast agents to measure
hemodynamics in the right and left sides of the heart. Injected con-
trast agents provide a visual definition of cardiac structures. Often,
interventions such as angioplasty (transluminal balloon and laser
angioplasty), stent placement, and septostomy (for infants with con-
genital heart defects) are performed in conjunction with diagnostic
catheterization.

Indications

 Diagnose heart disease type and severity, extent of damage, con-
genital abnormalities, blood flow, and identify cardiac structure
and function before surgery and response to therapy.

* Evaluate abnormal stress tests.

* Measure pressure gradients, cardiac output, ejection fractions, and
cardiac blood samples for O, content and saturation.

 Evaluate angina, other types of chest pain, syncope, abnormal
resting or exercise ECGs, symptoms after revascularization, coro-
nary insufficiency, ventricular aneurysm, and cardiac neurosis.

» Evaluate vessel stenosis during an acute myocardial infarction
episode (the patient can be sent to surgery immediately after the
procedure).

* Perform therapeutic interventions, such as pacemaker insertion,
aortic balloon pump, vena cava filter, or others.
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[Reference Values @

Normal

* Normal heart valves, chamber size, and patent coronary arteries

* Normal wall and valve motion

» Normal cardiac output (CO): 4-8 L/min

» Normal percentage of oxygen content (15-22 vol %) and oxygen
saturation (95%—-100% or 0.95-1.00)

Normal Cardiac Volumes

End-diastolic volume (EDV): 50-90 mL/m?> (body surface area)
End-systolic volume (ESV): 25 mL/m?

Stroke volume (SV): 45 = 12 mL/m’

Ejection fraction (EF): 0.67 = 0.07

Clinical Implications

* Abnormal pressures in the heart, in great vessels, and between
chambers indicate valvular stenosis or insufficiency, ventricular
failure, idiopathic hypertrophic subaortic stenosis (IHSS), septal
defects, and cardiovascular shunts.

* Abnormal blood gas studies indicate circulatory shunting
(congenital or acquired), septal defects, leaks, or abnormal
sequence of blood circulation.

* Other deviations include aneurysm or enlargement, stenosis,
altered contractility, tumors, and constriction.

« Pericarditis: bacterial, restrictive post-myocardial infarction
(MI).

[ LI AR

* The benefits of the procedure usually outweigh the risks to the
patient. Some possible contraindications include severe heart failure,
hypotension, allergy to contrast, severe renal disease, recent myocar-
dial infarction, digitalis toxicity, recent subacute bacterial endocardi-
tis, uncontrolled dysrhythmias, bundle branch block, fever, or marked
obesity.

Procedure

* Moderate sedation/analgesia usually is administered via IV access
before the procedure.

 The patient lies on an x-ray table, with an imaging camera nearby.
It is tilted at various angles during the procedure to permit better
visualization.
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* The catheter insertion site is injected with local anesthetic before
catheter insertion.

* For right heart catheterization, the medial cubital, brachial, or
femoral vein may be used. The catheter is threaded through the
superior vena cava to the right atrium and through the tricuspid
valve and right ventricle to the pulmonary artery.

« For left heart catheterization, the catheter is threaded through the
femoral or brachial artery and through the aortic valve to the left
ventricle.

* After the catheter is removed, direct pressure is applied to the arte-
rial site, and vascular closure devices are used to close the access
site (eg, hemostasis-promoting pads or patches, and inserts).

* The catheterized extremity may be immobilized to reduce
movement.

Nursing Interventions

*Pretest

» Explain the test purpose and procedure.

* Describe the sensations the patient may feel (eg, “pressure” with
catheter insertion, transient hot flashes with the injection of
contrast medium, nausea, vomiting, headache, cough).

» Explain that sedation and analgesia are used.

* Emphasize that chest pain needs to be reported promptly so that
medication to relieve pain may be administered.

* Assess allergies and anticoagulant status. NPO status is required for
6 to 12 hours before procedure unless otherwise ordered.

*Intratest

¢ Provide ordered sedation as necessary and orient the patient for
fluoroscopy.

* Reassure the patient frequently.

»Posttest

* Bed rest is usually maintained for 6 to 12 hours after the test,
based on the nature of the procedure, the physician’s protocols,
and the patient’s status.

* Check vital signs frequently according to institutional protocols.
At the same time, check the catheter insertion site for hematomas,
swelling, bleeding, or bruits. Neurovascular checks should be done
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along with assessment of vital signs in bilateral extremities and
results should be compared. Report significant changes immediately.

* Administer prophylactic antibiotics, if needed.

* Encourage fluid intake unless contraindicated.

* Interpret test results and monitor the patient appropriately for car-
diac, circulatory, neurovascular, and pulmonary problems.

[ LI oA

e Complications include the following:
Dysrhythmias
Allergic reactions to contrast agent, evidenced by urticaria, pruritus,
conjunctivitis, or anaphylaxis
Thrombophlebitis
Insertion site infection
Pneumothorax
Hemopericardium
Embolism
Liver lacerations, especially in infants and children
* Notify attending physician immediately about increased bleeding,
hematoma, dramatic fall or elevation in BP, or decreased peripheral
circulation and abnormal or changed neurovascular findings. Rapid
treatment may prevent more severe complications.

G

CarpiAC ENzymES, CARDIAC INJURY STUDIES,
CaRDIAC MARKERS

Blood, Serum, Plasma

Creatine Kinase (CK), CK Isoenzymes (CK-1/CK-BB, CK-2/
CK-MB, CK-3/CK-MM), Myoglobin, Cardiac TroponinT and
I; Atrial Natriuretic Factor (ANF) or Atrial Natriuretic
Hormone (ANH), and Brain Natriuretic Peptide (BNP)

Cardiac markers are intracellular proteins, enzymes, or neurohor-
mones released from dead or damaged cells. The markers differ in
their location within the myocyte, release kinetics after damage, and
clearance from the peripheral circulation. For example, ANF is
released by the atria in response to an increase in blood pressure,
whereas BNP is released by the ventricles in response to volume
expansion, that is, a decrease in the ejection fraction. The markers are



CARDIAC ENzYMES, CARDIAC INJURY STUDIES, CARDIAC MIARKERS 179

usually used for the differential diagnosis of cardiac disease. Cardiac
troponins are considered to be the gold standard for identifying
myocardial infarctions (MIs) and cardiac injury and have replaced
CK-MB as the marker for MIs.

Indications

 Diagnose acute MI and the severity of disease.

« Differential diagnosis of other cardiac diseases, eg, congestive
heart failure, myocardial infarct, unstable angina pectoris, and
myocarditis.

 Troponins T and I are cardiac specific, rise above the upper refer-
ence limit at 2 to 6 hours, and remain elevated up to 4 to 14 days
after an acute ML

« Evaluate the success of thrombolytic therapy (ie, streptokinase
and tPA) and reperfusion.

Reference Values @

Normal
CREATINE KINASE
ToraL CK
Adults

Males: 38-174 U/L (0.65-2.96 pkat/L)
Females: 26-140 U/L (0.46-2.38 pkat/L)

Infants: 2-3 times adult levels

CPK ISOENZYMES
CK;3-MM: 97%—-100%
CK,-MB: <3%
CK;-BB: Trace or absent

MYOGLOBIN
Males: 28-72 ng/mL
Females: 25-58 ng/mL

For consistency with cardiac troponin and CK-MB, the 99th per-
centile of the reference population should be used as the reference cutoff.

CARDIAC TROPONIN

The joint European Society of Cardiology/American College of Car-
diology guidelines redefined myocardial infarction. The preferred
biomarker for myocardial damage is a cardiac troponin, with an
increased value being defined as a measurement exceeding the 99th
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percentile of a reference control group in the appropriate clinical set-
ting, using an assay with a CV <<10% at this value.

REFERENCE RANGE AT THE 99TH PERCENTILE FOR FDA-APPROVED
CARDIAC TROPONIN ASSAYS (jug/L) BY GENDER AND RACE

AFRICAN

ASSAY ALL MALES FEMALES CAUCASIAN AMERICAN HISPANIC ASIAN
Abbottt 0.8 0.8 0.7 0.8 0.5 0.5 1.1
AxSYM

Siemens 0.15  0.17 0.14 0.17 0.17 0.00 0.09
Centaur

Siemens 0.06  0.06 0.06 0.04 0.03 0.01 0.09
Dimension

Siemens 021 021 <02 0.21 <0.2 <02 <02
Immulite

Orthoclinical ~ 0.10  0.11 0.09 0.11 0.10 0.02 0.07
Diagnostics

Vitros

Roche <0.01 <0.01 <0.01 <0.01 <0.01 N/A N/A
Beckman 0.08 0.10 0.04 0.07 0.08 0.02 0.10
Coulter

Access

NATRIURETIC PEPTIDES
ANF (ANH): 20-77 pg/mL or 6.5-25.0 pmol/L
BNP: <100 pg/mL or <100 ng/L

Clinical Implications: CK

* CK total levels are elevated in acute myocardial infarction (MI).
Levels rise after an attack (4—6 hours) and reach a peak several
times the normal value within 24 hours; they return to normal 48
to 72 hours after infarction unless there is new tissue damage.

* CK total levels increase in severe myocarditis, cardioversion (car-
diac defibrillation), after open-heart surgery, and in many other
noncardiac syndromes.

* CK; (CK-MM) isoenzyme levels are elevated in most conditions
in which total CK is increased. CK-MM is predominant in both
heart and skeletal muscle and is found in normal serum.

* CK, (CK-MB) isoenzyme levels increase in MI (rises in 4—6 hours
after MI; not demonstrated after 2636 hours), myocarditis,
myocardial ischemia, Duchenne’s muscular dystrophy, extensive
rhabdomyolysis, polymyositis, subarachnoid hemorrhage, Reye’s
syndrome, chronic renal failure, malignant hyperthermia, and
Rocky Mountain spotted fever.

* CK; (CK-BB) is rarely found. CK-BB has been described as a
marker for adenocarcinoma of the prostate, breast, ovary, colon,
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and gastrointestinal tract and for small-cell anaplastic carcinoma
of lung. CK-BB has been reported with severe shock and/or
hypothermia, infarction of bowel, brain injury, and stroke, as a
genetic marker in some families with malignant pyrexia, and with
MB in alcoholic myopathy.

Interfering Factors: CK Isoenzymes

« Strenuous exercise (up to three times normal for MB fraction of
CK with exercise) is an interfering factor. Athletes have a higher
value due to greater muscle mass.

* Multiple intramuscular injections increase enzyme levels, as do
childbirth and hypothermia.

« False-positive results may be caused by drugs, including Decadron
(dexamethasone), Lasix (furosemide), morphine, anticoagulants,
some anesthetics, ampicillin, aspirin, amphotericin B, clofibrate,
and carbenicillin, and alcohol.

Clinical Implications: Myoglobin

* Diagnose skeletal or myocardial muscle injury.

* Myoglobin is generally detectable earlier than is CK or CK-MB
increase in patients with acute myocardial infarction.

* Myoglobin is found in 50% of patients with acute coronary insuf-
ficiency and is thought to define a population of small infarcts of
myocardium. It correlates with size of infarct.

 Diagnose rhabdomyolysis.

* Myoglobin appears with trauma, ischemia, malignant hyperthermia,
exertion, dermatomyositis, polymyositis, and muscular dystrophy.

Interfering Factors: Myoglobin

« It has a very short half-life of 10 minutes in blood and is rapidly
cleared by the kidneys. As an index of myocardial infarct,
myoglobin returns rapidly to baseline levels.

¢ It is known for its excellent clinical sensitivity early after MI but
is not a widely used test due to its lack of tissue specificity.

* Myoglobin levels may be increased after intramuscular injections
and have been reported after a high-voltage electrical accident.

* Because RBCs and kidney cells contain the same isoenzymes as
heart muscle, patients with pernicious anemia or renal infarction
may have the same serum isoenzyme patterns as those with myocar-
dial infarctions.
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Clinical Implications: Troponins

« Cardiac troponin is released even with very low levels of myocar-
dial damage as early as 2 to 6 hours after injury and remains high
for 14 days or longer; however, it has low sensitivity for the early
diagnosis of acute MI. Troponin T can identify small infarcts,
which have been undetectable by conventional diagnostic methods
and previously diagnosed as unstable angina.

* Elevated cardiac troponin levels are indicative of myocardial
injury but are not synonymous with MI or an ischemic mechanism
of injury. Elevated levels indicate acute MI, other cardiac diseases,
unstable angina pectoris, and myocarditis.

Interfering Factors: Troponin
» False-positive results: elevations in acute and chronic renal failure
and chronic muscle disease.

Clinical Implications: ANF (ANH)
* Increased levels occur in congestive heart failure.

Clinical Implications: BNP

» Elevated levels are consistent with an increase in the end-diastolic
volume, that is, a decrease in the ventricular ejection fraction (left
ventricular dysfunction).

Procedure

e Serum (7-10 mL, 1 mL minimum for individual test) obtained by
venipuncture, using a red-top tube (prechilled lavender-top tube
for ANF).

* Avoid hemolysis.

* Food and fluids are not restricted. (Fasting sample is required for
ANF))

* Most cardiac enzymes must be retested 3 days in succession
(eg, 1-2 hours for the first 12 hours and then every 12 hours
for 24 hours) to have clinical significance. Cardiac troponin
concentrations should be measured on serial blood samples col-
lected at least 6 to 9 hours after the onset of symptoms, before a
patient is ruled in or ruled out for MI. If cardiac troponin assays
are not available, the best alternative is creatine kinase MB
(CK-MB).

Nursing Interventions

*Pretest

* Explain the purpose and procedure of the test and need for serial
testing.
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»Posttest

* Apply pressure or a pressure dressing to the venipuncture site and
monitor for bleeding or infection.

* Report all elevated enzyme levels to the physician immediately so
that appropriate medical interventions are not delayed.

« Evaluate outcomes and counsel the patient appropriately (eg, for
newly diagnosed MI, consider the need for lifestyle adjustment, rest,
activity and diet changes, medications, work, and leisure activity).

* Further testing may be needed to monitor success of thrombolytic
therapy for acute MIs.

L

CarpiAc FLow STubIES: FIRST-PASS AND
SHUNT IMAGING

Nuclear Medicine Scans, Cardiac Imaging

Cardiac flow studies evaluate blood flow through the great vessels
and after vessel surgery and determine the right and left ventricular
ejection fractions.

Indications

* Examine heart chamber disorders, especially left-to-right (the gold
standard technique) and right-to-left shunts.

« For pediatric patients, evaluate congenital heart disease, transposi-
tion of the great vessels, atrial or ventricular septal defects, and
quantitative assessment of valvular regurgitation.

[Reference Values @

Normal

* Normal right and left ventricular function

* Normal wall motion and ejection fraction

* Normal pulmonary transit times and normal sequence of chamber
filling

* No cardiac shunting

Clinical Implications

» Abnormal first-pass ejection fraction values are associated with
the following:
Congestive heart failure
Regurgitation due to valvular disease
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Change in ventricular function due to infarction
Ventricular aneurysm formation
Persistent arrhythmias from poor ventricular function
Pulmonary emboli
Lung transplantation

* Abnormal heart shunts reveal the following:
Left-to-right shunt
Tetralogy of Fallot (as seen more often in children)
Right-to-left shunt

Interfering Factors
« Inability to access jugular vein with an intravenous line.

Procedure

* The patient is placed in the supine position, with the head slightly
elevated.

* A three-way stopcock with saline flush is used for radionuclide
injection in the jugular vein or the antecubital fossa. For a
shunt evaluation, the radionuclide is injected in the external
jugular vein via a large-bore needle to ensure a compact
bolus.

* Immediately after the injection, the camera traces the flow of the
radiopharmaceutical in its “first pass” through the heart in multi-
ple rapid images.

* Resting multigated acquisition (MUGA) scan with a shunt study
is performed.

* The total procedure time is approximately 20 to 30 minutes; the
actual imaging time is only 5 minutes.

Nursing Interventions

*Pretest

» Explain the purpose, procedure, benefits, and risks of scans.
* An intravenous line is required.

*Intratest
* Reassure the patient.

»Posttest

* Interpret test outcomes, monitor injection site, and counsel the
patient appropriately about further ordered testing and
treatment.
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G

CAT (ComPUTERIZED AXIAL TOMOGRAPHY) SCAN—
CT (CompPuTED TOMOGRAPHY) ScaN, CT oF HEAD,
Bopy, ABDOMEN, PELVIS, SPINE, EXTREMITIES

X-ray Imaging with Contrast of Head and Body

CT is a specialized procedure in which a thin beam of x-rays is
directed at and moves around some stationary body part, with result-
ant computer-manipulated pictures that are not obscured by overlying
anatomy.

Indications

 CT screening is done to detect the amount of calcium plaque in
the coronary arteries and for the presence of lung masses.

* Evaluate head trauma and rule out intracranial lesions, aneurysms,
and hydrocephalus.

« Evaluate prolonged, severe headache and changes in mental
status.

 Rule out pathologies within the abdomen, pelvis, spine, chest, or
extremities.

 Cancer staging and treatment planning.

* Biopsy guidance.

[Reference Values @

Normal

* No apparent tumor or pathology.

» Normal size, location, and appearance of body structures and
organs.

Clinical Implications

* Head CT abnormalities refer to aneurysms, cysts, tumors,
abscesses, intracranial hemorrhage, hematomas, hydrocephalus,
fractures, and degenerative processes.

* Body CT abnormalities refer to abscesses; neoplasms; metastases;
cysts; enlarged lymph nodes; ascites; organ enlargement; aneurysms;
diffuse changes as in cirrhosis or fatty liver; cancer of kidneys,
spleen, pancreas, uterus, or prostate; collections of blood, fluid, or
fat; retroperitoneal lymphadenopathy; or enlarged lymph nodes.

« Skeletal CT abnormalities refer to bone metastasis and fractures.
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Interfering Factors

* Patient movement results in suboptimal images.
 Retained barium may obscure organs in upper and lower abdomi-
nal regions.

Procedure

Head CT

* The patient lies on a motorized couch with the head supported in
appropriate position. The couch is moved into a donut-shaped
gantry that encases the x-ray apparatus and detectors.

¢ Contrast is usually administered by intravenous injection.

* Multiple images are taken while the patient remains motionless.
Sedation and analgesics may be ordered if it is difficult for the
patient to lie quietly. The total examination time is 10 to
30 minutes.

Body or Abdomen CT

* The procedure is the same as for the head, with the following
exceptions. An oral contrast is consumed before the examination if
the upper gastrointestinal tract is to be examined. lodine contrast is
usually administered intravenously for other examinations.

In CT scans of the spine, the protocol is similar except that CT of
the spine performed to rule out fractures does not require contrast
media administration or preparation. CT of spine for cord and
paraspinous evaluation usually requires intrathecal contrast admin-
istration and may be performed in conjunction with a myelogram.
CT scans of the extremities may be ordered. No contrast or prepa-
ration is required if being performed to evaluate bony detail.
Extremity CT scans performed for the assessment of soft tissue
abnormalities may require contrast administration.

Nursing Interventions

*Pretest

« Assess for test contraindications (pregnancy, iodine hypersensi-
tivity), evidence of severe renal impairment (elevated BUN, crea-
tinine), and food or beverage consumed within 4 hours before
contrast administration.

* Explain the examination purpose and procedure. Food and fluid
restrictions before contrast-enhanced studies are generally
indicated.

* Special attention is necessary for diabetic patients. Because of
pretest fasting, the administration of insulin or oral hypoglycemic
agents may be contraindicated. Check with the x-ray department.
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LA

* Diabetic patients who take the oral drug metformin (Glucophage) may
require preprocedure and postprocedure modifications. There is a
potential for renal failure with lactic acidosis when iodinated contrast
is administered in combination with metformin. Consult with the x-ray
department to determine whether medications must be discontinued
the day of and several days after the test.

*Intratest

* Observe for evidence of reactions such as nausea, rashes, and
hives. Administer antihistamines to reduce the more severe symp-
toms. Document and inform the physician.

»Posttest
¢ Evaluate the outcome, provide the patient with support and coun-
seling, and explain possible further testing, such as biopsy.

L

CEREBROSPINAL FLUID ANALYSIS, LUMBAR PUNCTURE,
SPINAL Tap

Spinal Fluid, Lumbar Puncture

Appearance, Volume, Pressure, Chloride, Sodium,
Potassium, Glucose, Protein, Total Cell Count, Syphilis
Test, Culture

Cerebrospinal fluid (CSF), a clear, colorless fluid found within the
lateral ventricles of the brain, provides nutrients for the brain cover-
ing (meninges), serves as a shock absorber to prevent brain injury,
regulates intracranial pressure, and removes waste products.

The lumbar sac, located at L4 to L5, is the usual site used for
puncture to obtain CSF specimens, because damage to the nervous
system is less likely to occur in this area.

Certain observations are made each time a lumbar puncture is
performed:

* CSF pressure is measured.

 General appearance, consistency, and tendency of the CSF to clot
are noted.

* CSF cell count is performed to distinguish types of cells present;
this must be done within 2 hours of obtaining the CSF sample.
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* CSF protein and glucose concentrations are determined.

* Other blood serologic and bacteriologic tests are done when the
patient’s condition warrants attention (eg, cultures for aerobes and
anaerobes or tuberculosis).

* Tumor markers may be present in CSF; these tests are useful as
supplements to CSF cytology analysis.

* Before lumbar puncture, check eyegrounds for evidence of
papilledema, because its presence may signal potential problems or
complications of lumbar puncture.

* A mass lesion should be confirmed by CT scan before lumbar puncture,
because this can lead to brain stem herniation.

Indications

 Diagnose spinal cord and brain diseases such as meningitis,
intracranial hemorrhage, CNS malignancy, and demyelinating
diseases and determination of the cause of seizure disorders and
confused states.

* Measure the level of pressure to determine impairment of CSF flow.

* Determine extent of stroke or CVA.

* Lower intracranial pressure by removal of a volume of fluid.

* Check protein in all cases as a nonspecific indicator of damage to
the blood-brain barrier.

* Introduce anesthetics, drugs, or contrast agents into the spinal cord.

[Reference Values @

Normal

Appearance: Crystal clear, colorless

Volume: 90-150 mL; children: 60-100 mL

Pressure: 90—180 mm H,O0; children: 10-100 mm H,O

Chloride: 115-130 mEq/L (mmol/L)

Sodium: 135-160 mEg/L (mmol/L)

Potassium: 2.6-3.0 mEq/L (mmol/L)

Total blood cell count: 0-5 white blood cells (WBCs), no RBCs,
40%-80% (0.40-0.80) lymphocytes

Glucose: 40-70 mg/dL (2.2-3.9 mmol/L)

Lumbar protein: neonates: 15-100 mg/dL (150-1000 mg/L); adults:
15-45 mg/dL (150450 mg/L); elderly (>60 years): 15-60 mg/dL
(150-600 mg/L)
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Syphilis: Venereal Disease Research Laboratory (VDRL) negative
Culture: Negative; no bacteria or viruses are detected

Critical Values

Total protein: none or >45 mg/dL (>450 mg/L)
Glucose: <20 mg/dL (<1.1 mmol/L)
WBCs: >20 segmented neutrophils

Clinical Implications

e Increased pressure occurs with intracranial tumors or abscesses,
meningitis, inflammatory processes, subarachnoid hemorrhage,
cerebral edema, and thrombosis of venous sinuses.

Decreased pressure occurs with leaking of spinal fluid, subarach-
noid block, circulatory collapse, and severe dehydration and
hyperosmolality.

Change in color or appearance occurs in inflammatory
diseases, hemorrhage, and tumors that bring about an elevated
cell count. Blood evenly mixed in all three tubes occurs in sub-
arachnoid and cerebral hemorrhage. Xanthochromia (pale pink
to dark yellow, grading is 1 to 4+) is associated with bilirubin,
oxyhemoglobin, methemoglobin, increased CSF protein,
carotene, and melanoma.

Chloride decreases are associated with tubercular and bacterial
meningitis.

Glucose level is decreased with bacterial activity and acute bacter-
ial meningitis. All types of organisms consume glucose (ie, pyo-
genic, tubercular, amebic, and fungal meningitis).

Glucose level is increased with diabetes and diabetic coma.
Protein level is increased with increased permeability of CSF
barriers in infections, hemorrhage, endocrine disorders, and
metabolic conditions. Increased levels are associated with
obstructions of CSF circulation in tumors and abscesses and with
meningitis, Guillain-Barré syndrome, multiple sclerosis, and neu-
rosyphilis.

Protein level is decreased with CSF leakage and volume removal,
intracranial hypertension, and hyperthyroidism.

WBC levels are increased (ie, pleocytosis) in inflammation,
bacterial infections, hemorrhage, neoplasms, and trauma.
Increased levels are also associated with repeated lumbar punc-
ture, pneumoencephalogram, injection of contrast medium
anticancer drugs, lumbar puncture contaminated by detergent,
and malignant cells found with metastatic brain tumors.
Increased plasma cell levels are associated with lymphocytic
reactions.
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Interfering Factors

* Pressure: Anxiety, breath holding, and abnormal venous
compression.

* Appearance: Traumatic tap and skin disinfectant cause abnormal
color.

 Chloride: Concurrent intravenous chloride and traumatic tap
invalidate results.

* Glucose: Decreased levels result from cellular and bacterial
metabolism if the test sample is not processed immediately.

* Protein: Traumatic tap invalidates the protein test results.

Procedure
* A local anesthetic is injected slowly into the dermis after the skin
is cleaned with an antiseptic solution. A spinal needle with a stylet
is inserted in the midline between the spines of the lumbar sac
(between L4 and LS) or lower (subarachnoid space). A sterile
manometer is attached to the needle and the opening CSF pressure
is measured and documented. Four sterile collection tubes are
filled with 2 to 3 mL of CSF.
A specimen consisting of up to 20 mL of CSF is removed. Up to
four samples of 2 to 3 mL each are taken, placed in separate ster-
ile vials, and labeled sequentially. Vial no. 1 is used for chemistry
and serology; vial no. 2 for microbiology studies; vial no. 3 for
hematology cell counts; and vial no. 4 for special studies such as
cryptococcal antigens, syphilis testing (Venereal Disease Research
Laboratory [VDRLY]), protein electrophoresis, and other immuno-
logic studies. A closing pressure reading may be taken before the
needle is withdrawn. In cases of increased intracranial pressure
(ICP), no more than 2 mL of CSF is withdrawn because of the risk
that the brain stem may shift.
* A small, sterile dressing is applied to the puncture site.
* Record the procedure start and completion times, the patient’s sta-
tus, CSF appearance, and CSF pressure readings.

Nursing Interventions

*Pretest

« Assess for contraindications to the procedure, such as soft tissue
or other skin conditions and skin infection at the puncture site.
Infectious processes often increase the intracranial pressure.
Severe degenerative vertebral joint disease, severe psychiatric
problems, and chronic back pain need to be considered.

* Perform a baseline neurologic assessment, including strength, sen-
sation, and movement of the legs and vital signs.
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* Explain the test purpose and procedure. No fasting is necessary.
Explain the equipment used and the sensations patient may feel
(ie, “pop” of the needle through the dura mater), even though an
anesthetic is used with the procedure.

« Instruct the patient to empty the bladder and bowels before the
procedure.

« Explain that it is important to lie very still throughout the
procedure to avoid traumatic injury. Instruct the patient how to
relax by taking deep breaths slowly, inhaling through the nose and
exhaling through the mouth.

*Intratest

* Assist the patient throughout the test to maintain side-lying posi-
tion with the head flexed onto the chest and the knees drawn up
but not compressing the abdomen (ie, fetal position or lateral
decubitus).

* Label tubes with the patient’s name, date, room number, and tube
number. Take the specimens to the laboratory immediately (never
refrigerate) for analysis.

* Note any leakage of the fluid after the test is completed.

* Apply a bandage dressing to the puncture site.

* Record the time of the procedure, condition and reaction of the
patient, appearance of CSF, pressure readings, time the specimen
was sent to the laboratory, and tests requested in the patient’s record.

[ LN

e If the initial pressure is near 200 mm H,0, only 1 to 2 mL of the fluid
should be removed to avoid spinal cord compression or cerebellar her-
niation. If the initial pressure is normal, the Queckenstedt test (ie,
application of pressure on both jugular veins to produce increased CSF
pressure) may be performed. This test is not done if a central nervous
system tumor is suspected.

»Posttest

« Instruct the patient to lie prone (flat or horizontal) for at least 2 hours.
Turning from side to side is permitted.

» Headaches are common because of spinal fluid leakage from the
site of lumbar puncture. Administer ordered analgesics for these
and encourage a longer period of bed rest.

* Encourage fluids to help replace lost CSF, thereby aiding in the
prevention or relief of headache.
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« Assess for neurologic status and changes such as increased
temperature, increased BP, change in the level of conscious state,
irritability, change in pupil reaction, and numbness and tingling
sensations in extremities.

* Check puncture site frequently for fluid leakage and report imme-
diately to the physician.

* Counsel the patient and the family regarding the posttest outcomes
and explain or reinforce the outcomes as discussed by the physician.

o

CHEMISTRY OR METABOLIC PROFILES
Blood, 24-Hour Urine

These serum studies are a collection of commonly ordered tests (12 to
>438) that can be done at one time. They are commonly called SMAC
(sequential multiple analysis by computer), CMP (comprehensive
metabolic panel), MSSP, etc. (based on the commercial automation
devices used). These tests vary widely among laboratories, and the
battery of tests may include many different configurations.

Indications

* Provide baseline results on admission panel.

« Differentiate MI from other diagnoses.

* Survey multiple organs.

« Evaluate patients with possible diagnostic problems, alcoholism,
and toxic states.

* Use in preoperative patients and after surgery.

COMMONLY MEASURED VALUES

Albumin

Alkaline phosphatase
Anion gap

AST (SGOT)

Bicarbonate

Bilirubin, total

Blood urea nitrogen (BUN)
Calcium

Carbon dioxide (CO,)
Chloride

Cholesterol

Creatinine, creatinine clearance
Electrolytes
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Globulin
Glucose
Lactate dehydrogenase (LDH)
Magnesium
Osmolality
pH
Phosphorous
Potassium
Protein, total
Sodium
Uric acid

Procedure

* Collect a venous blood specimen for serum analysis or a 24-hour
urine sample. (See Chapter 2 for collection guidelines.)

G

CHEST RADIOGRAPHY (CHEST X-RAY)
X-ray of Chest and Bony Thorax

The chest x-ray is a common procedure used to demonstrate the
ap