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IN MEMORY OF - PAUL R. FINLEY, MD

The University of Arizona was in need of a pathologist to head up clinical chemistry when Dr Paul Finley dropped in one
day. He was interested in relocating to the southwest because his wife, Cici, an accomplished potter, wanted to be near
the well-springs of southwestern pottery. With his roots in private practice, Paul was deeply suspicious of academic
medicine. We emphasized that our department was indeed clinically oriented, but | still remember, after a recruitment
outing, a colleague whispering “I'm pretty sure she’s bought the farm, but | still don’t know about him.” Paul did join us in
1972 and remained on the job until his death in 1994.

A native of St Paul, Minnesota, Paul graduated in medicine from the University of Minnesota, interned in Seattle, and
did his pathology residency at the University of Minnesota. After advanced work in clinical chemistry in London,
England, Paul returned to Minnesota as Director of Clinical Laboratories for the Fairview Hospital system. Twelve years
later, he came to us, already well known on the national scene in clinical chemistry, as well as in the brand new
applications of computers to clinical pathology. He was a great and ingenious methodologist. Once persuaded that he
should let the world know about his innovations, he produced over a hundred scientific papers. The Chemistry chapter
of the 3rd edition of the Laboratory Test Handbook, 1994, is among his many accomplishments. Paul was particularly
active in therapeutic drug monitoring, polymerase chain reaction technology, and DNA fingerprinting. In the last 10
years, he took up music again (he had led a dance band in college) and played clarinet in various jazz, swing, and
symphonic groups in Tucson.

Always the best of colleagues and friends, Paul was a keen observer of humanity, with a puckish sense of humor and
an irreverent attitude that enlivened many faculty meetings. He was always ready to help with someone else’s project,
no matter how busy he was. God knows, we miss him.

Douglas W. Huestis, MD
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FOREWORD

The first version of this publication, released in 1984, was an effort by four community-based pathologists to include in a
single volume all the routine and many of the more specialized analyses available in a modern clinical laboratory. The
next edition represented the efforts of additional authors. The number of contributors to this edition has been consider-
ably expanded. All are respected authorities in their fields of expertise. It is hoped that this enlarged edition is at once
current and more comprehensive.

As in the previous edition, information about each laboratory procedure is presented in a standardized format, including
test name and synonyms, patient care recommendations, specimen requirements, reference ranges, interpretive
information, footnotes, and references. Each entry is complete in itself, but the whole work is extensively cross-
referenced and indexed. The handbook is intended as a convenient reference resource for clinicians, pathologists,
residents, medical and nursing students, medical technologists, ancillary medical personnel, and medical records staff.

We have devoted a great deal of effort to clinical relevance. We have been fortunate to have available to us the Lexi-
Comp Pathfinder™ system, the Medline® system, and the computer publishing expertise of Lexi-Comp Inc. These
assets have made possible extensive internal cross-referencing of entries, the inclusion, even late in the publishing
process, of the most current references, and the Key Word Index.

The new edition has greatly expanded coverage of laboratory assays directly and indirectly related to molecular
pathology; other additions include expanded treatments of clinical virology and therapeutic drug monitoring, and many
new entries in the realm of clinical immunology and other subspecialties of clinical laboratory medicine. A new addition,
Cytogenetic test listings, reflects exciting contemporary advances in laboratory medicine.

To survive in today’s atmosphere of change in healthcare, clinicians must order the needed test, obtain reliable and
accurate results, and have access to current clinical laboratory information. This book, we hope, will assist with ordering
and such access. To attain accurate and reliable test results will depend in large measure upon quality attributes of the
laboratory performing the analyses.

It is the authors’ desire that this newest edition serve as a guide for the clinician and laboratorian, assist in obtaining the
appropriate specimen for analysis, and provide avenues toward interpretation and relevance in the interest of optimal
patient care.
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HOW TO USE THIS HANDBOOK

The Laboratory Test Handbook with Key Word Index is arranged alphabetically by major clinical laboratory disciplines:
Anatomic Pathology, Chemistry, Coagulation, Cytogenetics, Cytopathology, Hematology, Immunology and Serology,
Microbiology, Molecular Pathology, Therapeutic Drug Monitoring/Toxicology/Drugs of Abuse, Trace Elements, Transfu-
sion Service (Blood Bank), Urinalysis and Clinical Microscopy, and Virology. A general section, Specimen Collection,
precedes the individual laboratory monographs. A section providing overviews of selected topics, including statistics, is
entitled “Statistics, the Normal Range and the Ulysses Syndrome”. The laboratory tests are listed alphabetically within
each section and cross-referenced with synonyms referring the user to the actual test name. A brief introduction before
each section provides general information about each major discipline.

Each individual test listing is arranged in a consistent format providing specific types of information. The fields of
information include the following. The test name; the current procedural terminology (CPT) code is listed for most
testsrelated information which lists other tests that may be of interest and the page number where these tests can be
found; synonyms or other common names for a test are noted; topics or procedures which are not exact synonyms but
have similar instructions or require similar consideration are referred to under the applies to heading; tests replaced by
a current procedure are noted; a definition of procedures included within the named test is given under test includes;
an abstract or overview of the test is often provided; patient preparation includes patient care considerations prior to
the collection of specimen or performance of a test; aftercare includes patient care considerations following the
collection of a specimen or performance of a procedure; the specific specimen required, the container, sampling
time, specific collection instructions, specimen storage instructions, causes for rejection of the specimen by the
laboratory, turnaround time when relevant, and special instructions indicating additional pertinent considerations
relating to the specimen are all listed; a discussion of basic information relevant to the clinical application of the test,
including reference (or normal) range, critical values, and possible panic ranges, specific use of the test, limita-
tions of the test method, specific test methodology where appropriate, contraindications to the test, and additional
information which may contribute to the interpretation or utilization of a the test are given.

Footnotes and References

The bibliographic information provided with test listings may include footnotes referring to specific literature quotations,
specific points of information, or opinions. Selected general references are provided as sources of information
concerning the individual test listings. Footnotes and references are intended, as well, to expedite access to useful
literature. Many are current, but the alert reader will find an important reference from 1785.

Acronyms and Abbreviations Glossary

This glossary provides a useful listing of many acronyms and abbreviations commonly associated with laboratory
medicine. We offer this glossary not as an exhaustive authoritative list, but more as a guide to assist in interpreting
frequently used terminology.

Key Word Index

The Key Word Index is not intended in any way to suggest patterns of physicians’ orders, nor is it complete. Rather, it is
the intent of the authors and editors to make information easier to find and utilize in order to support better patient care.

The Key Word Index provides a reference to test names based on a diagnostic property, disease entity, organ system,
or syndrome for which the test may be useful. It provides lists of specific tests. Some may support possible clinical
diagnoses or help to rule out other diagnostic possibilities.

Each laboratory test which may be relevant to the indexed diagnosis is listed and weighted. Two symbols (ee) indicate
that the test strongly supports a diagnosis or entity, that is, it significantly contributes to documentation of the diagnosis
if the expected result is found. A single symbol () indicates a test frequently used in the diagnosis or management of
the particular disease. The other listed tests may be useful on a selective basis with consideration of clinical factors and
specific aspects of the case. A negative laboratory test result can be, and frequently is, highly relevant in the practice of
medicine.

Clinical diagnosis is determined following history, physical examination, and usual laboratory investigation with selected
additional tests. Complete blood count (CBC) with differential, urinalysis, and a basic chemistry profile are not only good
medicine, they are in fact cost effective. Thus, these basic tests are excluded from much of the Key Word Index.

Diagnoses with International Classification of Disease—Ninth Revision—Clinical Modification (ICD-9-CM) codes are
indicated within the [ ] symbol.

CPT Index

CPT codes are provided with each test for reference, as a basis for documentation of diagnostic procedures performed
and to facilitate financial and patient record keeping. The codes are current. Applications of codes may vary by region of
the country and in some instances the application of a specific code to a given procedure is a matter of individual
interpretation.

Any five-digit numeric Physicians’ Current Procedural Terminology, (CPT) codes service descriptions, instructions
and/or guidelines are Copyright 1995 American Medical Association. All rights reserved.

CPT is a listing of descriptive terms and five-digit numeric identifying codes and modifiers for reporting medical services
performed by physicians. This presentation includes only CPT descriptive terms, numeric identifying codes and modi-
fiers for reporting medical services, and procedures that were selected by Lexi-Comp Inc for inclusion in this publication.

The most current CPT is available from the American Medical Association.

No fee schedules, basic unit values, relative value guides, conversion factors or scales or components thereof are
included in CPT.

Lexi-Comp has selected certain CPT codes and service/procedure descriptions and assigned them to various specialty
groups. The listing of a CPT service or procedure description and its code number in this publication does not restrict its
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use to a particular specialty group. Any procedure or service in this publication may be used to designate the services
rendered by any qualified physician.

The AMA assumes no responsibility for the consequences attributable to or related to any use or interpretation of any
information or views contained in or not contained in this publication.

Alphabetical Index

The most expedient method for locating a given test is the Alphabetical Index in the last section of this handbook. Test
names and synonyms are listed and the page number on which the test description may be found is indicated.
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STATISTICS, THE NORMAL RANGE, AND THE ULYSSES
SYNDROME

or

A TEST IN SEARCH OF A DISEASE
David S. Jacobs, MD
Eugene S. Olsowka, MD, PhD

During and after the Trojan War, Ulysses was away from home 20 years. While traveling, he was involved in a series of
frequently dangerous and sometimes needless adventures. The syndrome' was named for Ulysses because patients
with it, although healthy at the beginning, journey through clinical investigations and undergo a number of experiences
new to them before they once again reach the safe harbor of being considered healthy.

The bottom line of complex clinical, technical, and statistical data leads to a decision — whether or not a given laboratory
report is normal for a particular patient.

The College of American Pathologists, in setting standards for their Inspection and Accreditation Program for Clinical
Laboratories, advocates that reference values (normal values) for each test should be provided when possible. Two
modern laboratory realities must be recognized:

1. A reference range is required for the interpretation of most laboratory tests, and
2. It may not be possible to provide an appropriate reference range in all cases.

It is important to recognize that laboratory methods and types of equipment greatly influence the outcome of any given
test. The most relevant reference ranges are those generated by the laboratory performing the assay. Ability of a
laboratory to provide meaningful reference ranges is limited by many factors.

Purely statistical approaches are unsatisfactory. For instance, since coronary arterial disease is rampant in present day
America, we cannot base “normal” ranges for serum lipids on a Gaussian distribution.

Most tests do not have sharp cutoff points between normal and abnormal. “Normal” curves can be bell shaped, but they
are often skewed.

Nominally, “normal” findings may have diagnostic significance in an appropriate setting.? Thus, efforts to increase our
knowledge of the significance of normal range, and thus narrow the normal range for a given patient, can add value to
“normal” results.

The effects of drugs on clinical laboratory tests have been exhaustively reviewed® and are therefore not emphasized in
this book.

With computers, laboratories can stratify normal ranges by age and sex. We would no more expect a college varsity
athlete and a great-grandmother to have the same normal ranges for clinical laboratory examinations, than we would
expect them to have the same hat or shoe size. Such stratification remains at the fringe of clinical documentation, and
relatively few published studies are available which are pertinent to normal ranges for all of the tests done by most
laboratories. Clinical input is continually needed to improve available normal ranges.

Special situations in which computer generated normal ranges may be inappropriate, misleading, or nonexistent include
the following.

1. Glucose: A computer may only be provided with normal ranges for fasting plasma glucose. Blood sugar levels
have not been done in laboratories in years; serum and plasma are used.

2. Pregnancy: The well known increases in alkaline phosphatase, plasma volume, glomerular filtration rate, and
hepatic protein synthesis, decreases in urea nitrogen, sodium, osmolality, albumin, and other changes accom-
panying pregnancy are not always taken into consideration when normal ranges are reported in pregnant
individuals. (The laboratory is commonly not aware if an individual is pregnant, and if so, the length of gestation.
Many laboratories do not have normal ranges for pregnancy available.) Cortisol, alpha;-fetoprotein, alpha;-
antitrypsin, amylase, cholesterol, and triglycerides may increase.

3. Athletes and Exercise: Athletes are apt to have slight elevations of urea nitrogen and LD, as well as
depressions of pulse rate.*After physical exercise, significant elevations of total CK are commonplace and
creatinine, potassium, uric acid, bilirubin, leukocyte count, haptoglobin, transferrin, and BUN may increase.
Exercise increases HDLC, lactate, and may increase aldolase.

4. The First Month of Life: Tremendous shifts in normal ranges occur during the first month of life. Some tests
ideally should be stratified depending on whether the patient is premature or term, and others (hemoglobin,
bilirubin) change significantly during the first month. Many computers cannot stratify in so many intervals. For
such tests, a number of normal ranges exist depending upon the age in days in the first month of life,
prematurity or term, and other factors.

5. Posture: Posture is reported to change the normal range for a number of tests — total protein, albumin, calcium,
hemoglobin and hematocrit, plasma renin activity, urinary catecholamines, and perhaps alkaline phosphatase,
cholesterol, ALT (SGPT), and iron. Levels of such substances have been described as being higher in an
upright position than in a reclining position. Consider that in the reclining individual, interstitial fluid enters the
vascular compartment, diluting constituents which the clinical laboratory measures. On standing, the venous
pressure in the lower part of the body increases, capillary pressure increases, and some plasma is ultrafiltered
into the interstitial space. Cells and constituents such as protein, which do not readily pass the capillary
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endothelium, increase. So do substances wholly or partly bound to protein (eg, calcium). Urea nitrogen, on the
other hand, is so diffusible that patient posture makes no difference.

Body Weight: Some laboratory computer software makes no allowance for body weight. Creatinine clearance
and blood volumes require this data. Positive weight dependencies are described for uric acid, glucose, and
cholesterol; many subjects with high concentrations of such analytes are prone to be found in the high-weight
group. Males, but not females, have such body weight associations for creatinine, protein, hemoglobin, and
AST (SGOT). Inverse relationships are reported for phosphate and, in females, for calcium.®

Topics Requiring Medical Judgment: The significance of a few red cells in urine depends upon the clinical
setting (voided versus catheterized urine, sex, menstruation or not); therefore, some tests cannot be classified
as “normal” or “abnormal” by computer, but only by the physician caring for that particular patient.

Tests having no normals — because positivity in any quantity is itself abnormal — include:
Serum acetone
Porphobilinogen
Alcohol and certain other toxins
Urine glucose, ketones, blood, bile, nitrite
ART, VDRL, and other serologic tests for syphilis
Nucleated RBC/100 WBC, blasts, promyelocytes, myelocytes in diff
LE slide test
Test for sickling
Malaria smear

Laboratory data must always be considered in light of the physician’s clinical impression. If the clinician
considers acute infarct of myocardium likely, and the early laboratory data do not support his initial impression,
the patient should be treated as if he indeed had an infarct. (Laboratory data may be normal or inconclusive
early in myocardial infarct; this is a particularly good example of the importance of the physician’s clinical
diagnosis.) When laboratory results are abnormal but not supported by clinical findings, the physician should
thoroughly consider the laboratory reports before dismissing them as inconsequential.

Laboratory data suggest clues to unsuspected disease in about 12% of patients studied in a university hospital
series.”

Food and Nutrition: Tests requiring the fasting state include fasting blood sugar, lipid profile, iron, iron binding
capacity, B,./folate levels, carotene, d-xylose, lactose, and glucose tolerance tests, Schilling test, most insulins,
serum bile acids, and gastrin. Serum bile acids are sometimes measured before and after a meal. Prolonged
fasting may increase serum bilirubin (up to 240% after a 48-hour fast) and cause decreases of plasma glucose
and proteins (albumin, transferrin, and complement C3). Samples for PKU (chemical test), FTA-ABS, and
antibodies for virus, fungal, and Mycoplasma agents should be clear serum, fasting if necessary.

Blood drawn immediately after a meal is apt to have elevated potassium and depressed phosphorus and
later elevated triglycerides. Alkaline phosphatase may be elevated 2-4 hours after a fatty meal, especially in
people who are Lewis-positive secretors of blood type O or B. Increased turbidity in postprandial blood can
interfere with certain other tests, including bilirubin, LD (LDH), and total protein. Increased turbidity might
depress uric acid and BUN, depending on methodology.

High protein diet can elevate BUN, ammonia, and urate. Purines increase uric acid. High intake of bananas,
pineapples, tomatoes, and avocados may elevate 5-HIAA. Caffeine elevates catecholamines, as does
theophylline.

Drugs: Ethanol causes immediate increases of uric acid, lactate, and acetone. Intermediate effects include
increases of GGT (GGTP) and to a lesser degree ALT (SGPT). Actually, a short-chain carbohydrate, ethanol
may induce increases in triglycerides. More chronic alcoholism may be manifested by increases of bilirubin,
AST (SGOT), alkaline phosphatase, as well as GGT, and a decrease of folate. Although considerable informa-
tion is available, a great deal more is needed.

Oral contraceptives increase T, (RIA) and decrease T; uptake. They are reported to increase alpha,-anti-
trypsin (half of alpha, in serum protein electrophoresis), iron, triglycerides, ALT (SGPT), and GGT; to decrease
albumin; and to affect as many as 100 laboratory tests.

Hemolysis from hemolytic anemia or venipuncture causes increases in LD, bilirubin, AST (SGOT), CK,
potassium, ALT (SGPT), magnesium, and acid phosphatase. Hemolysis from traumatic venipuncture may be
associated with release of thromboplastins and may invalidate the results of coagulation tests in some cases.
Hemolysis has a less marked effect on total protein, alkaline phosphatase, iron, and phosphorus. Hemolysis will
mask hemolyzing antibodies in the antibody screen and crossmatch.

Circadian Rhythms: Circadian (approximately 24-hour) rhythms have implications for physiology, measure-
ment of many laboratory tests, drug excretion (eg, salicylates, sulfonamides), and responses to therapy. Levels
fluctuating very significantly during the 24-hour cycle include cortisol (which has different normals for 8 AM and
8 PM), growth hormone, serum acid phosphatase, aldosterone (high 6 AM to 3 PM), transferrin (maximum 4 PM
to 8 PM), ACTH, serum iron, serum creatinine (7 PM values 130% of 7 AM concentration), eosinophils (low in
afternoon), lymphocytes (maximum early AM), WBC (maximum in early AM), leukocyte function and urine
urobilinogen (maximum excretion in afternoon). Urinary excretion of potassium, LH, FSH, TSH, testosterone,
and some less commonly ordered hormones have some diurnal variation. Parathyroid hormone is best drawn at
8 AM.

Triglyceride is higher in the afternoon, as is phosphate, BUN, and the hematocrit. Bilirubin falls in the PM, but
overnight fasting itself causes bilirubin to increase.®

The waves which characterize circadian rhythms may be square shaped or may occur as a series of pulses.
The latter pattern is seen with plasma cortisol concentration, which begins to increase during sleep. A large
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