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hen you can 
measure what you 
are speaking about 

and express it in numbers, you 
know something about it; when 
you cannot express it in 
numbers, your knowledge is of a 
meager and unsatisfactory kind. 

 
 
 

Θ LORD KELVIN Θ 
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F o r e w o r d 
 
 
 

Your entire career in the medical field will require that you be able to order and 

interpret the appropriate tests for patients under your care.  Our goal is to provide you 

with the knowledge and understanding of the value and limitations of commonly available 

tests you will use.  We provide only a minimum of analytical methodology.  When you are 

on the wards and have interesting or difficult cases requiring the interaction with the 

Clinical Laboratory, we will be happy to help in any way we can.  We hope that you will 

take the opportunity to visit the clinical laboratories to expand your knowledge of different 

tests and new methodologies which are being developed to support the highest quality of 

patient care. 

 

 

David N. Bailey, M.D. 
Course Instructor 
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COURSE SCHEDULE 
 

All sessions will be held in Garren Auditorium (BSB 1105), except for the laboratory on April 2, 
11:00-11:50 a.m., for which you will go to the same Multidisciplinary Laboratory (MDL) you have 
been assigned in the Human Disease courses. 

Hour # Date Time Topic (Reading) Lecturer 

(1) 
Wednesday, 
March 24, 2010 

11:00-11:50 a.m.
Introduction to Laboratory Medicine  
 

 Bailey 

(2) 10:00-10:50 a.m.
Interferences in Laboratory Testing & 
Pediatric Clinical Chemistry  
 

 Bailey 

(3) 

Friday, 
March 26, 2010 

11:00-11:50 a.m.
Laboratory Diagnosis of Cardiac 
Disease  

 Bailey 

(4) 
Wednesday, 
March 31, 2010 

11:00-11:50 a.m.
Laboratory Diagnosis of Renal 
Disease  

 Bailey 

    (5) 10:00-10:50 a.m. Urinalysis Lecture  Bailey 

(6) 

Friday, 
April 2, 2010 

11:00-11:50 a.m. Urinalysis Laboratory  (in MDL’s) 
Bailey,   
Faculty, 
and Staff 

(7) 
Wednesday 
April 7, 2010 

11:00-11:50 a.m. Electrolytes and Acid/Base Balance   Bailey 

(8-9) 
Friday, 
April 9, 2010 

10:00-11:50 a.m. Electrolytes and Acid/Base Balance  Bailey 

(10) 
Wednesday, 
April 14, 2010 

11:00-11:50 a.m.
Laboratory Diagnosis of 
Gastrointestinal Disease  

 Bailey 

(11) 10:00-10:50 a.m.
Laboratory Diagnosis of Pancreatic 
Disease  

 Bailey 

(12) 

Friday, 
April 16, 2010 

11:00-11:50 a.m.
Laboratory Diagnosis of Liver 
Disease  

 Bailey 

(13) 
Wednesday, 
April 21, 2010 

11:00-11:50 a.m.
Tumor Markers and Assessment of 
Iron Status  

 Bailey 
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Hour # Date Time Topic (Reading) Lecturer 

10:00 – 10:50 
a.m. 

(NO CLASS) 

(14) 
Friday, 
April 23, 2010 

11:00 – 11:50 
a.m.. 

Lab Examination of Body Fluids 

Bailey 

8:00 - 9:30  a.m. 
QUIZ #1 (written: 200 points + 
practice: 100 points) (COVERS 
MATERIAL THROUGH APRIL 21) 

Bailey, 
Faculty, 
and Staff (15-16) 

Wednesday, 
April 28, 2010 

9:30 - 9:50 a.m. Optional Quiz Review Session Bailey 

(17-18) 
Friday, 
April 30, 2010 

10:00-11:50 a.m.
Laboratory Diagnosis of Protein 
Abnormalities  

 Bailey 

(19) 
Wednesday, 
May 5, 2010 

11:00-11:50 a.m. Prenatal Testing and Semen Analysis  Bailey 

(20-21) 
Friday, 
May 7, 2010 

10:00-11:50 a.m.
Clinical Toxicology and Therapeutic 
Drug Monitoring 

 Bailey 

(22) 
Wednesday, 
May 12, 2010 

11:00-11:50 a.m.
Laboratory Diagnosis of Thyroid 
Disease 

 Bailey 

(23) 10:00-10:50 a.m.
Laboratory Diagnosis of Diabetes 
Mellitus  

 Bailey 

(24) 

Friday, 
May 14, 2010 

11:00-11:50 a.m.
Laboratory Diagnosis of 
Adrenocortical Disease 

 Bailey 

 

  (25) 
Wednesday, 
May 19, 2010 

11:00-11:50 a.m. Optional Quiz Preparation Sesion  Bailey 

10:00-11:30 a.m.

QUIZ #2 (written: 200 points + 
practical: 100 points) 

(COVERS APRIL 23 TO MAY 14) 
(26-27) 

Friday, 
May 21, 2010 

11:3-11:50 a.m. Optional Quiz Review Session 

Bailey, 
Faculty, 
and Staff 
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STUDENT EVALUATION 

A “PASS” grade will require a score of 450 out of a possible 600 points (i.e., 75%). A grade of 
“HONORS” will be awarded to individuals scoring 552 or more points (i.e., 92% or better). The 600 
points can be earned by correctly answering questions during two quizzes given in class (200 points per 
quiz consisting of 40 questions with 5 points per question – see course schedule). Each question will be 
objective and will be multiple-choice or matching in nature. In addition, with each of the two quizzes 
there will be a practical exam (100 points per exam) based on case presentations with fill in the blank and 
multiple choice questions. After collection of the quizzes and practical exams, the instructor will discuss 
the correct answers. A final examination will NOT be given. Material for each quiz will cover only the 
material since the last quiz (i.e., quizzes will not be cumulative). 

For more than a decade all but two to five students per year have passed the course, and as many as one 
fourth annually have achieved Honors.  Those failing to pass the course are afforded an opportunity, after 
studying, to take an oral examination graded as "pass/fail."  It is our goal to assure that all students 
successfully pass the course. 

The University, School of Medicine and SOM 216 are committed to maintaining the highest standards of 
conduct in the fulfillment of its education missions. As UCSD faculty and students, we have an obligation 
to understand and follow the regulations, policies and procedures that govern our academic practices, and 
to ensure that violations of established guidelines are handled appropriately. 

Individuals are encouraged to discuss concerns about possible improper activity directly with the course 
instructor (Dr. David N. Bailey), the course chair (Dr. David Herold), and/or the Associate Dean for 
Admissions and Student Affairs (Dr. Carolyn Kelly). 
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REFERENCE RANGES AND CONVERSION FACTORS 
Reference ranges are valuable guides for the clinician, but they should not be regarded as absolute 
indicators of health and disease. Reference ranges should be used with caution, since values for healthy 
individuals often overlap significantly with values for persons afflicted with disease. In addition, 
laboratory values may vary significantly because of differences in methodology and mode of instrument 
standardization. This is especially true for immunological tests, which use antibodies that may have 
widely different characteristics. As a result, laboratory values in individual institutions may differ from 
those listed in this manual. 

Analyte Range 
Conventional 

Units 
Conversion (mult. 

By) SI Units 
Serum     
ACTH 10-50 pg/mL 1 ng/L 
Albumin 3.3-5.0 g/dL 10 g/L 
Aldosterone     

Supine < 1.6-16 
Upright 4.0-31 

ng/dL 0.0277 nmol/L 

Alkaline phosphatase 30-130 U/L 1 U/L 
ALT 10-45 U/L 1 U/L 
Amylase 30-150 U/L 1 U/L 
Ammonia 10-35 μmol/L 1 μmol/L 
AST 10-45 U/L 1 U/L 
Bicarbonate 22-28 mEq/L 1 mmol/L 
Bilirubin: 
  Total 
  Conjugated 

 
0-1.2 
0-0.2 mg/dL 17.1 μmol/L 

C-peptide 0.9-3.9 ng/mL 0.33 nmol/L 
C-reactive protein < 0.3 mg/dL 10 mg/L 
Calcium 8.5-10.4 mg/dL 0.25 mmol/L 
Chloride 97-107 mEq/L 1 mmol/L 
Cholesterol 140-220 mg/dL 0.026 mmol/L 
CO2, total 24-31 mmol/L 1 mmol/L 

pCO2 (WB, arterial) 35-48 mmHg 1 mmHg 
Copper     

Male 70-140 
Female 88-155 μg/dL 0.16 μmol/L 

Cortisol     
Morning 6-24 
Evening 3-12 μg/dL 27.6 nmol/L 

Creatine kinase (CK) 0-200 U/L 1 U/L 
Creatine kinase (MB) < 6% of total ng/mL   
CK index < 2.5    
Creatinine 0.4-1.2 mg/dL 88.4 μmol/L 
Erythrocyte count (male) 4.3-5.7 x 106 cells/μL   
Differential leukocyte count:     

Neutrophils, total 1,800-7,700 x 103 cells/μL   
bands 200-2,100 x 103 cells/μL   
segmented 1,500-6,700 x 103 cells/μL   

Eosinophils 0-700 x 103 cells/μL   
Basophils 0-150 x 103 cells/μL   
Lymphocytes 1,500-4,000 x 103 cells/μL   
Monocytes 200-950 x 102 cells/μL   

  Ferritin:     
   Male 20-250 ng/mL   
   Female 10-145 ng/mL 1 μg/L 
Folate 4-20 ng/mL 2.26 nmol/L 
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Analyte Range 
Conventional 

Units 
Conversion (mult. 

By) SI Units 
GGT:                                                
   Male 
   Female 

 
<38 
<24 U/L 1 U/L 

     
Glucose 70-105 mg/dL 0.055 mmol/L 
HDL-cholesterol:     

Male > 35 
Female > 45 

mg/dL 0.026 mmol/L 

Hematocrit:     
Male 40-50 
Female 37-47 

% vol.   

Hemoglobin:     
Male 14-18 
Female 12-16 

g/dL   

IBC (total) 228-428 μg/dL 0.18 μmol/L 
Insulin 5-35 μU/mL 6.95 pmol/L 
Iron:     

Male 65-170 
Female 50-170 μg/dL 0.18 μmol/L 

Lactate 6.4-16.5 mg/dL 0.11 mmol/L 
Lead < 10 μg/dL 0.048 μmol/L 
Leukocyte count 4.5-11.0 x 103 cells/μL   
Lipase 20-250 U/L 1 U/L 
Lithium 0.5-1.5 mEq/L 1.0 mmol/L 
Magnesium 1.7-2.6 Mg/dL 0.41 mmol/L 
Myoglobin < 100 Ng/mL   
Osmolality 275-298 mOsm/kg 1 mOsm/kg 
pCO2 (WB, arterial) 35-45 mmHg 1 mmHg 
pH (WB, arterial) 7.35-7.45    
Phosphate 2.5-4.5 mg/dL 0.32 mmol/L 
Platelet count 150-450,000 cells/μL   
pO2 (WB, arterial) 85-108 mmHg 1 mmHg 
Potassium 3.5-5.0 mEq/L 1 mmol/L 
Protein (Total) 6.0-8.0 g/dL 10 g/L 
Red cell (erythrocyte) count:     

Male 4.7-6.1 x 106 
Female 4.2-5.7 x 106 cells/μL   

Sodium 135-145 mEq/L 1 mmol/L 
Testosterone:     

Male 185-650 
Female 10-75 

ng/dL 3.47 nmol/L 

Thyroxine:     
total T4 4.5-10.5 μg/dL 
free T4 0.9-2.1 ng/dL 

12.9 nmol/L 

Transferrin:     
Male 187-318 
Female 218-331 

mg/dL 0.01 g/L 

Triglycerides 30-300 mg/dL 0.0113 mmol/L 
Triodothyronine:  
  total T3  
   free T3 

                  65-180   
                  0.1-0.3 

ng/dL 
ng/dL 

0.0154 
0.0154 

   mmol/L 
   mmol/L 

TSH 0.35-5.5 mU/L 1 mU/L 
Urea (urea nitrogen) 8-18 mg/dL 0.36 mmol/L 
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Analyte Range 
Conventional 

Units 
Conversion (mult. 

By) SI Units 
   
  Uric acid: 

   Male 3.6-7.5 
   Female 3.6-6.4 

 
 

mg/dL 

 
 

59.48 

 
 

μmol/L 

Vitamin B12 210-1020 pg/mL 0.738 pmol/L 
Vitamin D:     

25 OH-D 15-57 ng/mL 2.5 mmol/L 
1,25(OH)2-D 15-50 pg/mL 2.4 pmol/L 

White blood cell count (WBC; 
leukocyte) 4-10,000 x 103 cells/μL   
Zinc:     

Male 75-291 μg/dL 0.1530 μmol/L 
Female 65-256 μg/dL 0.1530 μmol/L 

     
Urine     
Aldosterone (dependent on Na 
intake) 6-25 μg/24h 2.77 nmol/d 
Calcium (diet dependent) 100-250 mg/24h 0.025 mmol/d 
Catecholamines:     

Epinephrine 0-25 μg/24h 5.46 nmol/d 
Norepinephrine 0-100 μg/24h 5.91 nmol/d 

Cortisol, free 20-90 μg/24h 2.76 nmol/d 
Creatinine:     

Male 1-2 
Female 1-1.8 

g/24h 8.84 mmol/d 

Creatinine clearance 90-125 mL/min 1.0 mL/min 
5 HIAA 3-15 mg/24h 5.2 μmol/d 
Metanephrine 30-350 μg/24h 5.458 nmol/d 
Oxalate     

Male 7-44 
Female 4-31 

mg/24h 11.4 μmol/L 

Phosphate 0.4-1.0 g/24h 32.3 mmol/L 
Urea (urea nitrogen) 10-20 g/24h 35.7 mmol/d 
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COURSE OVERVIEW: 
 
The Core Course in Laboratory Medicine will introduce the most common clinical laboratory tests 
and their appropriate use in the diagnostic workup of major disorders by organ system.  The 
pathophysiologic basis for the use of laboratory tests will be emphasized. Analytical methodology 
will be deemphasized.  This knowledge will then be applied to clinical cases.  
 
INTRODUCTORY LECTURE OBJECTIVES: 
 
At the end of the introductory lecture the learner should be able to: 
 
 Describe a few milestones in the history of laboratory medicine/clinical chemistry as it has 

progressed from labor-intensive manual analytical methodology to automated analyses to 
point-of-care testing 

 List common types of specimens used in laboratory analysis 
 Discuss some emerging trends in laboratory medicine such as personalized medicine, 

indwelling biosensors, and longitudinal and lifetime monitoring of patients 
 Calculate the pattern of test results based on types of results and number of tests performed 
 Calculate the percent false positive results based on the number of tests performed 
 Describe the requirements for achieving the grades of "pass" and "honors" in the course 
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I 
 
 

CLINICAL LABORATORY STATISTICS  
 

AND 
 

CALCULATION OF REFERENCE RANGES 
 
 
 
 
 
 
 
 
 

Fast is fine, but accuracy is everything. 
 

-Wyatt Earp, 1849-1929.   
American Gambler, Gunfighter, and Lawman 
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OBJECTIVES: 
 
At the end of this session, the learner should be able to: 
 
 Describe the sources of variation influencing laboratory tests (i.e., analytical, 

intraindividual, and interindividual) 
 Discuss the approach to establishing reference ranges for laboratory tests 
 Describe the use of the parametric and non-parametric methods for calculation of reference 

ranges and the requirements for applying each method 
 Calculate percent false positives from the number of tests performed on a patient 
 Calculate the number of patterns of test results from the number of types of results and the 

number of tests performed on a patient 
 Calculate clinical sensitivity of a test 
 Calculate clinical specificity of a test 
 Calculate predictive values of a test (both positive and negative tests) 
 Calculate efficiency of a test 
 Describe the use of the coefficient of variation of a test in determining whether or not a 

change in a patient's laboratory result is significant 
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CLINICAL LABORATORY STATISTICS AND CALCULATION OF 
REFERENCE RANGES 

 

KEY TERMS 

Accuracy- Closeness of agreement of a measured value and the true value. 
 
Analytical variation- Observed differences in the value of an analyte after it has been prepared for analysis. 
 
Coefficient of Variation- A relative measure of precision, determined by dividing the standard deviation by 
the mean, usually expressed as a percentage. 
 
Intraindividual variation- Differences in the true value of an analyte within the same individual. 
 
Interindividual variation- Differences in the true value of an analyte among individuals.  
 
Mean- The arithmetic average. 
 
Negative Predictive Value- The fraction of negative values which are correct. Determined by dividing the 
true negatives by the sum of the true negatives and false negatives, usually expressed as a percentage. 
 
Positive Predictive Value- The fraction of positive values which are correct. Determined by dividing the true 
positives by the sum of the true positives and false positives, usually expressed as a percentage. 
 
Precision- The closeness of agreement between independent measurements. Generally expressed as coefficient 
of variation or standard deviation. 
 
Reference range- The inner 95% of values for a laboratory test as measured in a defined population. The 
subject population is typically disease free with respect to the test of interest.  
 
Sensitivity- The ability of a test to detect a true positive. Determined by dividing the true positives by the sum 
of the true positives and false negatives, usually expressed as a percentage. 
 
Specificity- The ability of a test to detect a true negative. Determined by dividing the true negatives by the 
sum of the true negatives and false positives, usually expressed as a percentage. 
 
Standard deviation- A measure of precision (square root of the variance). 
 
There are many different reasons for performing laboratory tests.  We perform them when we believe the 
results may help us answer some question that we have about a patient.  In most cases the result itself is not the 
answer; we interpret the result to answer the question we posed.  This interpretation is based on statistical 
principles.  The purpose of this chapter is to provide a statistical framework for interpreting laboratory test 
results. 
 
One reason for performing a laboratory test might be to screen an asymptomatic individual for evidence of 
occult disease.  In this case, we probably expect to compare the result to a reference range (formerly called 
“normal range”) to determine whether the individual has the disease under consideration.  It is important to 
understand how reference ranges are established in order to use them appropriately. 
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In another setting, we may be dealing with a very sick patient for whom we have developed a differential 
diagnosis based on the history and clinical findings.  We may determine one or more laboratory tests in order 
to make a definitive diagnosis.  The same test result might have a different significance in a clinically ill 
patient versus a clinically healthy patient.  We have statistical tools to help us address this apparent paradox. 
 
Another common reason for performing laboratory tests is to help follow the course of disease in a particular 
patient, and assess the impact of treatment.  In this case, we want to know whether an interval change in the 
results of a laboratory test represents a real change in the patient versus just analytical variation.  Knowledge 
of the statistical data routinely collected in the clinical laboratory can facilitate interpretation of serial test 
results. 
 
Sources of Variation 
 
Proper interpretation of results requires an understanding of the sources of variation which influence laboratory 
tests.  These can be categorized as preanalytical, analytical, intraindividual, and interindividual variation. 
 
Analytical variation is produced by conditions which affect the sample and the testing system from the 
moment the sample is removed from the patient until the final result is generated. (It is helpful to further 
subdivide this category into preanalytical factors, which include all the things that can happen to a sample as 
it is collected, transported, processed, and stored, and analytical factors which affect the testing process itself.) 
All test results are subject to analytical variation. 
 
Intraindividual variation is produced by conditions which cause a single individual’s laboratory values to 
change at different times of day or under different physiologic conditions.  Examples of factors which 
contribute to intraindividual variation include circadian rhythms, hydration, activity, stress, posture, and food 
intake.  When we use the results of serial testing to follow the course of disease in a patient, it is important to 
recognize the potential contribution of normal physiologic factors and try to distinguish it from medically 
important variation. 
 
Interindividual variation reflects the many different factors which cause laboratory test results to vary from 
one individual to another within a population.  Examples of such variables include age, sex, diet, body mass, 
general activity level, and genetics.  The results of a test performed on a group of individuals will reflect 
analytical variation and intraindividual as well as interindividual variation. 
 
The remainder of this chapter addresses each of these categories in more detail, together with the 
applicable statistical concepts.  Familiarity with the normal distribution (bell-shaped curve, or Gaussian 
distribution), including the concepts of the mean and standard deviation, is assumed. 
 
Establishing Reference Ranges 
 
When we establish a reference range, we want to have a tool for comparing the test result from one individual 
with those from a relatively large number of other members of a similar population.  What we want to 
determine is the expected range of interindividual variation.  We already know that the results of a test 
performed on a group of people will reflect intraindividual and analytical variation as well as interindividual 
variation; it is obvious that if the contributions from the first two are relatively large, they will obscure the part 
of the total variation that is due to actual differences among individuals.  Part of the process of establishing a 
reference range is simply taking steps to reduce the magnitude of this obscuring effect. 
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Here are the steps involved in establishing a reference range: 
 
1. Select the analyte for which the reference range is to be established, and the methodology and 

instrumentation which will be used for testing.  Study what is already known about the analyte, including 
variables which are already known to cause variation within and between individuals.  Review the 
methodology with particular attention to the impact of variables known to be associated with sample 
procurement, transport, processing, and storage. 

 
2. Define the reference population.  Demographically, it should match the population whose laboratory 

results will be compared to this reference range.  Based on what is already known about the analyte, 
consider whether separate reference ranges should be established for adults versus children, men versus 
women, and so forth. 

 
3. Choose a sampling method.  Ideally, this method should yield a random sample of individuals 

representing the reference population. 
 
4. Collect, process, and test the specimens.  It is important to treat these specimens exactly as patient 

specimens are treated. 
 
5. Analyze the results.  This process can be broken down into the following steps: 
 

1. Organize the results.  A convenient format is a frequency histogram, as shown in the example in 
Figure 1. In this example, the possible values for the analyte are shown in the column on the left, 
from the lowest at the top to the highest at the bottom. (It is true that the actual levels of most analytes 
form a continuum, not limited to a set of discrete numbers, but as results are rounded off, we work 
with a limited number of possibilities which represent regular intervals along the continuum.) 

 

  The next column shows the number of reference specimens on which that result value was recorded. 

  The body of the histogram is a graphic representation of these results.  In this example, there is an 
“X” corresponding to each individual result. 

   
  The last column shows the cumulative rank for each value.  In this format, the cumulative rank 

corresponds to the total number of “X’s” in that row and all the rows above it, representing the total 
number of samples having that result value or a lesser value. 

 
 
 Value  Number of Observations Rank 

 1 4 xxxx 4 

 2 15 xxxxxxxxxxxxxxx 19 

 3 23 xxxxxxxxxxxxxxxxxxxxxxx 42 

 4 25 xxxxxxxxxxxxxxxxxxxxxxxxx 67 

 5 22 xxxxxxxxxxxxxxxxxxxxxx 89 

Figure 1.  Frequency Histogram 6 19 xxxxxxxxxxxxxxxxxxx 108 

 7 12 xxxxxxxxxxxx 120 

 8 2 xx 122 

 9 0   

 10 0   

 11 0   

 12 0   

 13 1 x 123 
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2. Eliminate outliers.  An outlier is an extreme value at one end of the data set which is so far away from 
the rest of the data set that the reference range might be substantially different if we include that point 
versus deleting it. 

 
  There is not a single universally accepted mathematical definition of the term “outlier,” so what we 

offer here is a “rule of thumb.” If the distance between the most extreme data point and its nearest 
neighbor is more than a third of the total range covered by the data set, then that data point should 
be regarded as an outlier and eliminated. 

 
reject the largest value (n) when:  reject the smallest value X(l) when: 

 
  After eliminating an outlier, reexamine the data set for new outliers which may become apparent 

only after reducing the range. 
 

3. Once the outliers have been eliminated, determine whether the data have a Gaussian distribution. 
Often, inspection of the histogram is sufficient to conclude that the distribution is clearly non-
Gaussian.  The more rigorous approach is to calculate the mean, median, mode, skewness, and 
kurtosis. 

 
  The mean is the average value: 

 
The median is the value of the middle observation, when the set is arranged in rank order: 

The mode is the most frequently observed value. 
 
Skewness is a measure of asymmetry. 
 
Kurtosis is a measure of relative peakedness versus flatness. 
 
(The formulas for calculating skewness and kurtosis are beyond the scope of this course but the functions are 
available in some of the popular software packages which include statistics.) 
 
If the mean equals the median equals the mode, and the skewness and kurtosis are zero, then the distribution is 
Gaussian.  For our purposes in this course, values for skewness and kurtosis of -1 to +1 are sufficiently near 
zero to be treated as such. 
 

4. Select a method for calculating the reference range 
 
  There are two basic methods: parametric and non-parametric. 
 

If the distribution is Gaussian, a parametric method may be used.  A minimum of 30 result values are 
required to calculate a reference range by this method.  The reference range is defined as the mean 
plus or minus two standard deviations: 
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2SD   x  Range Reference ±=  

 
If the distribution is non-Gaussian, a non-parametric method must be used.  At least 120 result values 
(after elimination of outliers) are required to calculate a reference range by this method.  The non-
parametric method may also be used for a Gaussian distribution, as long as there are 120 result 
values in the data set.  Three steps are involved: 

 
 First, arrange the results in order and assign a rank to each observation, so that 

 

 X(l) < X(2) < ... < X(n) 

 Second, calculate the ranks which correspond to the 2.5 and 97.5 percentiles: 

  0.025 (n+l) and 0.975 (n+l) 

 
Third, find the values which correspond to those ranks.  Those values are the upper and lower limits 
of the reference range (Central 95th percentile). 

 
Suppose we collect one more reference sample, and its result just happens to fall near one end of the 
result distribution.  Can you see how this chance event might change the reference range a little, 
especially if we are using a minimum number of observations? 
 
The point of going through this rather lengthy exercise is to demonstrate concretely that reference 
ranges are not exact.  They represent approximations subject to a wide variety of influences.  At best, 
they can be improved by increasing the size of the population samples on which they are based.  
Statistical methods exist for estimating the validity of reference ranges, but they are beyond the scope 
of this course. 

 
Using Reference Ranges 
 
Figure 2 shows a graphic representation of a reference range.  The area under the curve represents the entire 
population of healthy subjects from which the reference sample was drawn.  The vertical lines near each end of 
the curve represent the upper and lower limits of the reference range.  The area under the curve between the 
two vertical lines includes 95% of the reference population.  The tails of the curve have been cut off, excluding 
the values obtained from approximately 5% of the healthy reference subjects from the reference range.  Does 
this mean we should no longer consider those subjects healthy?  No. Is there any reason for choosing to 
include 95% and to exclude 5%?  The original selection of 95% limits was arbitrary; it is done now for the 
sake of convention.  Unless otherwise specified, you may presume that the reference range provided with a 
laboratory result represents the middle (central) 95% of the reference population. 
 

Figure 2. Reference Range 
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We have a specific term for the values of healthy individuals which fall outside the limits of the reference 
range: we call them “false positives” regardless of whether they fall at the high or low end of the range.  The 
terms “positive” and “negative” in this context have nothing to do with high or low numbers, but rather 
indicate positivity versus negativity for disease. 
 
It follows that the more tests performed on an individual, the more percent “false positives” will result. This 
can be calculated by the formula:  
 

Percent False Positives = (1-0.95n) X 100%, where “n” is the number of tests performed. 
 

Thus, one test will yield 5% “false positives.” 
 
Let’s use a hypothetical reference range to interpret some patient results.  The first result we’ll consider 
happens to fall outside the range.  What are the possibilities?  Either the patient is sick, or the patient is well 
but has a test result which is an outlier (either one of which would have been excluded from calculations), or is 
demographically different from the reference population, or the specimen may have been collected under 
different conditions, or the specimen may have been handled differently from the reference specimens.  Now 
let’s consider a result that falls inside the range.  Either the patient’s result is within the range because the 
patient is well, or the patient does in fact have the disease or condition we are considering, but the test result 
just doesn’t show it for any of the reasons mentioned in the first example, or for the reason that the presence of 
disease doesn’t necessarily assure abnormal laboratory results. 
 
Meaningful interpretation of laboratory data requires an understanding of test results to be expected for 
patients having various diseases and conditions, as well as for healthy individuals. It would be convenient if 
medical decision limits were readily available for each disease or condition we might be considering, for each 
population at risk, for each analyte which might be useful to measure, and for each laboratory with its own 
conditions affecting specimen analysis. It would be ideal if such reference ranges for disease never had any 
areas of overlap with the so-called “reference ranges,” but since that is rarely the case, the next section 
addresses the interpretation of overlapping result distributions. 
 
Finally, the number of patterns of test results is given by the following formula: 
 

# Patterns of Test Results = Xn, where “X” is the number of types of results and “n” is the number of tests. 
 

Thus, for three types of results (e.g., “low,” “normal,” and “high”) and two tests, there would be nine patterns 
possible. 
 
Taxonomy of overlapping distributions 
 
Figure 3 shows a pair of curves, representing hypothetical distributions of test results from two distinct 
populations, one healthy and one diseased (this is an idealized situation in which we actually have data on 
enough diseased individuals to generate such a curve), with a region of overlap. The horizontal line represents 
the continuum of possible result values for the analyte we are measuring. The curve on the left represents the 
distribution of results from the healthy reference population, which is defined as “negative” for the disease we 
are considering. The curve on the right represents the distribution of results from a group of people known to 
have the disease. The vertical line represents the upper limit of the reference range. 
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Figure 3.  Overlapping populations 
 

 

All of the results which fall to the left of the vertical line are called “negative,” meaning “negative for 
disease.” All of the results which fall to the right of the line are called “positive,” meaning “positive for 
disease.” Obviously some diseased patients have “negative” results, since part of their distribution falls to 
the left of the vertical line. We call this group of results “false negatives.” Conversely, when we defined 
our reference range we already acknowledged that a small group of healthy individuals would have “false 
positive” results. To complete the taxonomy, we call the results which accurately reflect the status of the 
individuals from which they came “true positives” and “true negatives,” respectively. 
 
Clinical Sensitivity and Specificity 
 
Sensitivity and specificity are performance characteristics of a test. To determine these characteristics, it is 
necessary to obtain test results on populations in whom the presence or absence of disease has been established 
by some method independent of this test. 
 
Sensitivity is defined as the proportion of diseased subjects correctly classified by the test; i.e., the ability to 
detect a true positive in a person afflicted with the disease. 
 

 Sensitivity  =  TP  
  TP + FN 
 
Specificity is defined as the proportion of healthy subjects correctly classified; i.e., the ability to exclude a 
diagnosis in a healthy person. 
 

 Specificity  =  TN  
  TN + FP 
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A convenient format for arranging data is shown in Tables 1 and 2. Note that sensitivity refers only to the 
diseased population while specificity refers only to the healthy population. The relative sizes of the two 
populations do not affect sensitivity or specificity. 
 
 
  Number of 

Subjects with 
Positive test 

Number of 
Subjects with 
Negative test 

 
 
TOTALS 

 Number of 
Subjects with 
Disease* 

 
TP 
 

 
FN 
 

 
TP + FN 
 

 Table 1  
Number of 
Subjects 
without 
Disease* 

 
 
FP 

 
 
TN 

 
 
FP + TN 

  
TOTALS 

 
TP + FP 

 
FN + TN 

 
TP + FP + FN + TN 

 
 
  Number of 

Subjects with 
Positive test 

Number of 
Subjects with 
Negative test 

 
 
TOTALS 

 Number of 
Subjects with 
Disease* 

 
 68 
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  100      sensitivity = 68% 

   
 

 
 Table 2 
  Sensitivity and Specificity 
              Example 

 
Number of 
Subjects 
without 
Disease* 

 
 
 2 

 
 
 98 

 
 
100     specificity = 98% 

  
TOTALS 

 
 70 

 
 130 

 
200 

 
 

*Presence or absence of disease is determined by a combination of clinical information and/or other laboratory 
results, including imaging and tissue diagnoses. 
 
Sensitivity and specificity tell us how well a test performs when applied to groups of people in whom we 
already know the diagnosis. In clinical practice, we do not use tests this way. Often, we are performing a test 
on one patient for whom we have not yet made a diagnosis. What we want to know about the test is the odds 
that the result will correctly classify our patient with respect to the diagnosis we are considering. 
 
Predictive Values 
 
Predictive values describe the odds that the results of a test will correctly classify an individual with respect to 
the disease or condition under consideration. To determine predictive values, we need to know the prevalence 
of the disease in the population we are testing. Prevalence is the fraction of the population which has the 
disease. 
 
The predictive value of a positive test result is the fraction of positive test results which are correct, or the true 
positives divided by all the positives, both true and false. 
 
 

 PV+  =  TP  
  TP + FP 
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The predictive value of a negative test is the fraction of all negative results which are correct, or the true 
negatives divided by all the negatives, both true and false. 
 

 PV-  =  TN  
  TN + FN 
 
Using the hypothetical data provided in Table 2, we can calculate the predictive value of a positive result to be 
97% and that of a negative result to be 75%. 
 
In clinical practice, we generally do not work with whole data sets showing results obtained on populations of 
healthy and diseased individuals. How can we determine the predictive value of one test result in one 
individual? If we know the sensitivity and specificity of the test, and the prevalence of the disease, a simple 
rearrangement of terms yields the following equations: 
 
To calculate the predictive value of a positive test result: 

 PV+  = (Prevalence)(Sensitivity) 
(Prev)(Sens) + (1- Prev)(1 – Spec) 

 
To calculate the predictive value of a negative test result: 
 

 PV- = (Specificity)(1-Prevalence) 
(Spec)( 1- Prev) + (Prev)(1 – Sens) 

 
 
One challenge is to determine the prevalence. While there is a fair amount of data available regarding the 
prevalence of various diseases in the general population, there is sometimes a scarcity of data regarding 
disease prevalence in the various population subsets that come to medical attention and on whom we are 
likely to perform laboratory tests. It is the latter figure that we want to use to determine predictive values. 
Our estimate of the likelihood that a particular patient has a disease is based on our knowledge of and 
experience with similar patients.  With respect to the individual patient, we often refer to this estimate as 
our “level of suspicion.” This is an appropriate number to substitute for “prevalence” in the predictive 
values equations. The accuracy of such an estimate is a function of our clinical knowledge, skill, and 
judgment. 
 
It is important to recognize the impact of disease prevalence on predictive values. Tables 3 and 4 show two 
more hypothetical data sets. Both have the same sensitivity and specificity as shown in Table 2, but the 
prevalence has been decreased, demonstrating the impact on predictive values. In general, as the prevalence of 
disease increases, the predictive value of a positive test improves. As the prevalence of disease decreases, the 
predictive value of a negative test improves, and the predictive value of a positive test is diminished by 
increasing numbers of false positive results. 
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Table 3.  Effect of low prevalence 

 
 Positive Negative Total  
Diseased 68  32  100  
Healthy 20  980  1000 Sensitivity = 68% 
Total 88  1012  1100 Specificity = 98% 
  

PV + = 77% 
 
PV- = 97% 

  

Prevalence =  100    = 9% 
 1100 

 
 
 

Table 4.  Effect of further decrease in prevalence 
 

 Positive Negative Total  
Diseased  68  32  100  
Healthy  200  9800  10000 Sensitivity = 68% 
Total  268  9832  10100 Specificity = 98% 
  

PV + = 25% 
 
PV- = 99.7% 

  

Prevalence =   100    = 1% 
 10100 

 
 
Choosing thresholds for positive versus negative results 
 
In the foregoing examples, we used the upper limit of the reference range as the decision point for interpreting 
test results as “positive” or “negative for disease.” In clinical practice, a different decision point may be more 
appropriate (e.g., medical decision limit or cutoff point).  For example, if we are using a test to make a 
definitive diagnosis of a disease for which high-risk therapy will be undertaken as the next step, a false positive 
rate of 2.5% may be unacceptable.  In this case, the threshold for calling the result “positive” or “negative” can 
be adjusted to maximize the specificity by minimizing the false positives.  This also maximizes the predictive 
value of a positive result.  However, this can only be accomplished at the expense of sensitivity, such that the 
number of false negatives will increase and the predictive value of a negative result will decrease. 
 
Conversely, sometimes it is important to try to eliminate any possibility of a false negative (such as in 
screening units of donated blood to detect HIV before deciding which units will be processed for transfusion).  
This can be accomplished by changing the threshold to maximize sensitivity, but it is done at the expense of 
specificity.  This will maximize the predictive value of a negative result while reducing the predictive value of 
a positive result. 
 
Efficiency 
 
This statistic is of less clinical importance than the preceding ones.  Efficiency is simply the fraction of all 
subjects who are correctly classified by the test: 
 

 Efficiency  =  TP + TN  
   TP + FN + TN + FP 
 
It is influenced by disease prevalence, and because it treats false positives and false negatives as if they are of 
equal importance, the efficiency approaches the specificity as the prevalence decreases. 
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Intraindividual versus analytical variation 
 
Up to this point we have focused on the interpretation of individual results relative to group results, or analysis 
of interindividual variation.  The remainder of this chapter addresses the interpretation of sequential test results 
on a single individual. 
 
Let’s start with a hypothetical example of a fairly common situation.  Suppose we are treating a patient who 
has hyponatremia.  We note that the serum sodium result has risen from 120 mmol/L yesterday to 126 mmol/L 
today, and we would like to know whether this could be due to analytic variation, or whether we can be 
reasonably sure that a difference of this magnitude represents a real change in our patient. 
 
We understand that laboratory measurements are not exact, and that small changes in the test results might 
occur even when no change has occurred in the patient, and, conversely, that a small change in the patient 
might not be reflected by sequential laboratory test results.  If the patient’s true value is represented by X, and 
we make repeated measurements, the measured values will scatter a bit above and below the true value.  If we 
make only one measurement, it could be any of these points in the zone of scatter.  If we compare two samples, 
making only one measurement on each, we could randomly get a relatively high value on one and a relatively 
low value on the other, even though there might be no difference in the true value.  If the variability around 
each point is relatively large, then we need to make a relatively large allowance for analytical variation, and 
there may be no significant difference between our sequential results of 120 and 126. 
 
On the other hand, if the variability around each point is relatively small compared with the difference between 
the two results we are comparing, then it is more likely that the two samples actually have different true values. 
 
From a purely statistical point of view, we could just get out the remainder of each sample, and (presuming 
adequate amounts of each sample) run the test on each one of them about 30 more times, and inspect the group 
data to see whether there is an area of overlap.  In practice, that isn’t done in the clinical laboratory.  Instead, 
we take one huge (pooled) sample, divide it into many aliquots, store them under conditions which stabilize 
the analyte of interest, and then include one of these aliquots with each run of tests performed.  We call this the 
“control.” We record all the results obtained and use them to calculate a mean and a standard deviation for the 
test.  We assume that the variability of results obtained on the control will approximate the variability we 
would see if we ran each patient sample repeatedly.  We assume that 95% of results will fall within 2 standard 
deviations of the true value.  If the results for analyses performed on a patient’s specimens collected at 
different times, but under otherwise identical conditions, differ by more than 4.2 SD it is > 99% likely to 
reflect a real difference between the two samples. 
 
So what is the piece of data we need to answer the question about our patient’s serum sodium?  It is a 
laboratory specific piece of information based on results of sequential testing of the control.  Often, two or 
more controls are used, representing different levels of the analyte of interest. (With respect to our patient with 
hyponatremia, we would be more interested in the control having a sodium level in the low range.) A call to 
the laboratory might disclose that the standard deviation (SD) on the low control was 0.8 for the past several 
months.  Multiply this by 4.2 and compare the result to the magnitude of the difference between the two 
sequential results on our patient (4.2 x 0.8 = 3.36). The difference between our patient’s two sequential results 
of 120 and 126 is 6, and almost certainly reflects a real difference between the two specimens.  Whether the 
difference in the samples represents a real difference in the patient is another issue, not addressed in this 
chapter. 
 
Sometimes the data are available as a coefficient of variation, or CV, which represents the standard deviation 
divided by the mean, allowing us to cancel out the units, and express the result as a percent.  A percent change 
equivalent to 4.2 times the CV has essentially the same clinical significance as an absolute change equal to 4.2 
times the standard deviation of the control.  Again, whenever there is a choice, we use the CV of the control 
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nearest the test values we are interpreting.  In general, the control with the lower level of analyte has a lower 
standard deviation and a higher CV than the control with the higher level of analyte. 
Actually, the primary purpose of running controls in the clinical laboratory is not to provide clinicians with 
these useful data.  The primary reason to run controls is to assess whether the test system is functioning 
properly and generating reliable test results.  When the technologists in the laboratory examine the results 
obtained on the control sample, they are expecting some variation, and they are trying to distinguish between 
two possible sources of variation: random analytic variation and systematic error. 
 
Random analytic variation is inevitable; after we refine and stabilize the test system as much as possible, there 
is still an amount of variation left.  Random analytic variation is random and all its points will fall within a 
Gaussian distribution. 
 
Systematic error occurs when some new variable is introduced, such as deterioration of a reagent, clogging of a 
tube within the instrument, etc.  The problem with systematic error is that it is likely to compromise the 
accuracy of test results.  The characteristic which allows us to recognize the introduction of systematic error is 
that it is not random. 
 
Each time a technologist tests a control, he or she checks to see whether the result falls within the pattern of a 
Gaussian distribution. Once the mean and standard deviation have been established for a particular control for 
a particular analyte, 95% of the control results should fall within + or – 2 SD of the mean.  About one in 20 
results will fall outside these limits, but within 3 SD.  If this is just a random event, the next time the control is 
tested, the result will return to within 2 SD 95% of the time. If it persists outside 2 SD, this is interpreted as 
most likely a sign of some systematic error, and the technologist proceeds to investigate and take corrective 
action. Likewise, if any result is more than 3 SD from the mean, it is interpreted as probable systematic error 
and treated as such.   
 
Clinical laboratory technologists do not issue test results if the control results do not fall within established 
limits.  Their objective is to generate the most accurate results possible given the methodology and 
instrumentation available.  The principles of quality control are a major component of their education and 
training.  As Point-of-Care testing becomes more widespread, it is important for physicians and other care 
providers to understand the need to verify the integrity of the test system before using it. 
 
Accuracy 
 
There are two basic measures of quality in a laboratory result. The foregoing paragraphs focused on precision, 
which is a measure of the reproducibility of the result. The other measure of quality is accuracy, which is 
defined as how close the measured value of the analyte is to the true value of the analyte. 
 
The underlying assumption in quality control procedures is that a significant decrease in precision (as 
evidenced by lack of reproducibility in results of testing the control) is likely to compromise accuracy. In 
general, this is true. However, accuracy is influenced by many other factors which cannot be regulated by 
maintaining precision within the test system. For example, the methodology may be subject to sources of 
error, or there may be specific required conditions of patient preparation which are not always achieved, 
or the integrity of the sample may be compromised in some way that is difficult for laboratory personnel 
to detect or even suspect. These factors are addressed in various ways throughout this course manual. 
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OBJECTIVES: 
 
At the end of this session the learner should be able to: 
 
 Describe causes of in vitro hemolysis in laboratory samples 
 Discuss the influence of hemolysis on serum sodium, potassium, calcium, acid phosphatase, 

folate, and aspirate aminotransferase 
 Describe the effect of circadian rhythm on serum cortisol, growth hormone, serum iron, and 

thyroxine 
 Describe methods by which drugs can interfere with laboratory testing (e.g., cross-reaction 

with antibodies, interference with enzyme reactions, enhancement or inhibition of reactions) 
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INTERFERENCE OF HEMOLYSIS WITH LABORATORY TESTS 

 

 KEY TERMS 
 
Additive- A substance added to a specimen that changes one or more of its physical or chemical properties. 
 
Analyte- A substance that can be measured by an analytical technique. 
 
Anticoagulant- A substance that can suppress, delay, or prevent coagulation of blood by preventing formation 
of fibrin. 
 
Artifact- Changed state of a material resulting from artificial, rather than natural processes or conditions. 
 
Chelation- The process of an organic molecule binding metal ions. 
 
Circadian rhythm – Changes in concentration of analytes that occur over the course of a single day. 
 
Clot- An aggregation of blood cells held together by fibrin, a polymerized protein. 
 
Hemoconcentration- The process of increasing concentration of cells, proteins, and occasionally other 
analytes in blood through loss of water, either in vitro or in vivo. 
 
Hemolysis- Rupture of red blood cells, releasing analytes from the cells into the surrounding serum or plasma. 
 
Heparin- An anticoagulant that directly inhibits formation of fibrin. 
 
Infradian rhythm – Changes in concentration of analytes that occur less frequently than once a day. 
 
Phlebotomy- Puncturing a vein with a needle for the purpose of obtaining a sample of blood. 
 
Plasma- The liquid part of blood in the bloodstream; obtained as a specimen by collecting blood with an 
anticoagulant and centrifuging the specimen. 
 
Postprandial- After a meal;  also “postcibal.” 
 
Preanalytical variation- Factors that alter results of a laboratory test and that occur before the process of 
performing the test. 
 
Proteolysis- The process of degradation of proteins, which may occur by chemical reactions or enzymatic 
processes. 
 
Serum- The liquid part of blood remaining after a clot has formed. 
 
Serum separator- A mechanical system that physically separates serum from cells (plasma separators separate 
plasma from cells), thereby preventing changes in concentration of serum analytes as the result of cell 
metabolism. 
 
Stasis- A decrease in flow of blood to or from a part of the body. 
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Ultradian rhythm – Changes in concentration of analytes that occur over a period of time much less than 1 
day. 
 
Hemolysis: 
 
  Invisible: Less than 30 mg/dL hemoglobin 
  Barely visible: 30 mg/dL hemoglobin (barely pink) 
  Visible: 60 mg/dL hemoglobin (red) 
    90 mg/dL hemoglobin (burgundy) 
 
 Mechanisms 
  Mechanical 
  Chemical or osmotic 
  Aging 
  Temperature (both heat and cold) 
 
Causes of hemolysis: 
 Blood drawing 
 Type of syringe or Vacutainer 
 Transfer of blood 
 Transportation of blood 
 Transportation in pneumatic automatic tube systems 
  
 NOTE: Refrigeration of whole blood inhibits the erythrocyte Na+/K+-ATPase pump, resulting in loss of 

potassium from the erythrocyte into the plasma and diffusion of sodium from the plasma into the 
erythrocyte (concentration gradient).  Therefore, separate serum/plasma from cells as soon as possible. 

 
 

Concentration of Substances in Erythrocytes and Plasma** 
 

Substance 
 

 
Erythrocytes 

 
 Plasma 

 
Erythrocyte/Plasma 

Ratio 
    
Glucose, mg/dL 74.0 90.0 0.82 
Urea-N, mg/dL 14.0 16.0 0.88 
Creatinine (Jaffe), mg/dL 1.8 1.1 1.63 
Uric acid, mg/dL 2.5 4.6 0.55 
Total cholesterol, mg/dL 139.0 194.0 0.72 
*Sodium, mEq/L 16.0 140.0 0.11 
*Potassium, mEq/L 100.0 4.4 22.8 
Chloride, mEq/L 52.0 104.0 0.50 
Bicarbonate, mEq/L 19.0 26.0 0.73 
*Calcium, mEq/L 0.5 5.0 0.10 
Inorganic P, mg/dL 2.5 3.2 0.78 
*Acid phenylphosphatase, U/L 200.0 3.0 67 
*Lactate dehydrogenase (LD), U/L 58,000 360 160 
*Transaminase, AST, U/L 500 25 20 
Transaminase, ALT, U/L 150 30 5 
*Folate, ng/dL 200-1200 (4.6-2.7) 2.5-1.5 (0.06-0.34) 100 

        *Largest observed differences 
**After Caraway, W.T.:  Am. J. Clin. Path. 37:445, 1962. 
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Types of interferences of hemolysis with laboratory tests: 
 
Interference Type 1: 
 
Interference with chemical procedure 
 
 a) participation of hemoglobin in the reaction through augmentation or inhibition 
 b) spectrophotometric interference 
 
 All are totally dependent upon the particular analytical methodology utilized for measurement.  

Manufacturers continually improve methodology and minimize interferences.  New methods working in 
the near infrared are presently being developed for use with blood substitutes.  These methods have no or 
minimal interference from hemolysis. 

 

Analyte Examples Degree of Hemolysis Allowable 

(Depends on analytical method) 

Mechanism 

 

Ammonia Slight hemolysis Interferes with color development and 
increases value 

Amylase Slight hemolysis Increases value 

Bilirubin Slight hemolysis Interferes with diazotization 

Carotene No hemolysis Increases value 

Ceruloplasmin No hemolysis or turbidity Decreases value 

Digoxin Slight to moderate hemolysis 
alright but preferably none 

 

Folic acid Slight to moderate hemolysis 
acceptable but preferably none 

 

Protein electrophoresis No hemolysis May augment β1 between α2 and β 

Insulin No hemolysis Causes destruction of hormone for RIA 

Testosterone Slight to moderate Interference with liquid scintillation 
counting 

Triglycerides No hemolysis  

 
Interference Type 2: 
 
Leakage of constituents of red cells into plasma or serum (Analytes higher in erythrocytes than in serum) 
 

Analyte Examples                    Degree of Hemolysis Allowable            Mechanism                                                

                                                   (Depends on analytical method) 

Alkaline phosphatase Slight hemolysis Greater concentration in RBC’s than in 
serum 

Creatine phosphokinase (CK) Slight hemolysis Greater concentration in cells than in 
serum 

Folate Slight to moderate hemolysis 
acceptable but preferably none 
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Interference Type 2 (continued): 
 

LDH Absolutely no hemolysis Much greater concentration in RBC’s 
than in serum 

Potassium (as above) (as above) 

Protein Slight hemolysis No hemolysis, lipemia or icteric serum 
with refractometer method 

AST Very slight hemolysis  Greater concentration in RBC’s than in 
serum 

ALT Slight hemolysis (as above) 

 
 
Interference Type 3: 
 
Dilution of plasma or serum constituents (Analytes lower in erythrocytes then in serum) 
 
Analyte Examples                    Degree of Hemolysis Allowable        Mechanism 
                                                     
                                                   (Depends on analytical method) 

Chloride Slight hemolysis Dilutional effect 

Lithium Slight to moderate hemolysis Gross hemolysis has a dilutional effect 

Magnesium No hemolysis Dilutional effect 

Phosphorus Slight to moderate hemolysis Concentration in serum a little greater 
than in RBC’s 

Sodium Slight hemolysis Dilutional effect 

 
 
Interference Type 4: 
 
Interference by blood contamination of other body fluids 
 
Examples 
 
 Amniotic fluid scan for bilirubin 
 L:S ratio in amniotic fluid 
 Spinal fluid protein 
 
Circadian Rhythms 
 
 Cortisol (secondary to ACTH secretion) 
 Growth hormone 
 Serum iron 
 Thyroxine 

AM levels > PM levels 
Elevated during sleep 
AM levels > PM levels (30%) 
PM levels > AM levels (15%) 
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DRUG INTERFERENCES 
 
Virtually all drugs may affect the results of clinical laboratory tests by: 
 A. In vivo effects, and/or 
 B. Interference with the analytical procedure (in vitro effects) 
 
Because of the large number of prescribed drugs in use and the multiplicity of effects by some of these agents, 
the problem of drug interference with laboratory tests is extremely complex.  A vast amount of information on 
this topic has accumulated, particularly within the last decade, and the aim of this session is to raise the level of 
awareness of this problem. 
 
The main effects of drug interferences are: 
 
 A. In vivo effects (pharmacological effects) 
  1. Intended or therapeutic effects 
  2. Side effects 
 
While the clinician usually is aware of the main therapeutic effects of drugs, other changes in certain 
biochemical parameters are often neglected and unexpected, since they may be unrelated to the main action of 
a drug, and these “side effects” are often ignored.  Well known examples are, for instance, the enzyme 
induction in the liver by barbiturates and phenytoin (Dilantin) or the increases in thyroxine binding globulin 
(TBG),  cortisol binding globulin (CBG), transferring, and fibrinogen following intake of oral contraceptives.  
Lesser known examples are, for instance, elevations of amylase with oral contraception or decreases in 
thyroxine (T4) values due to penicillin. 
 

B. In vitro interferences with analytical procedure (methodological effects) 
  Results may be increased or decreased. 
  The most frequent modes of action are: 
  1. Alterations of chemical reactions (enhancement or inhibition) 
  2. Cause of turbidity in the reaction system 
  3. Interference with enzyme reactions 
  4. Cross-reaction with antibodies 
  5. Radioactive interference, due to in vivo use of radioactive compounds 
 

Common drug-induced modifications of clinical chemistry test values 
(All are dependent upon the particular analytical methodology utilized for measurement) 

 
Albumin  
 Decrease (false) 
 Increase 
 Bisalbuminemia 

Aspirin 
Heparin, increases dye binding to other serum proteins 
Penicillin binding to albumin causes two albumin peaks on serum 
electrophoresis 
Genetic 

Alkaline phosphatase  
 Decrease 
 Increase 

Anticoagulants (oxalate, fluoride, citrate bind Mg++) 
Estrogens, gentamicin (hepatotoxicity) 
Human albumin injections as plasma expanders (made from human 
placenta) 

Amylase  
 Decrease 
 Increase 

Anticoagulation with oxalate or citrate  
Opiates cause spasm of sphincter of Oddi 
Oral contraceptives (effect on liver) 
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Bilirubin  
 Decrease Daylight, 30% per hour!! (non-drug) 

Barbiturates induce glucuronyl transferase in newborns 
 Increase Any drug with liver toxicity or causing cholestasis 

Methyldopa reacts with diazo reagent 
Calcium  
 Decrease Diuretics enhance excretion 

Phenytoin (Dilantin) may cause osteomalacia 
 Increase Antacids (large amounts), e.g., TUMS  

Vitamin D 
Cholesterol  
 Decrease Androgens decrease synthesis 

Neomycin forms salts with bile acids in gut 
 Increase Bilirubin (methodological) 

Corticosteroids (methodological) 
Creatinine  
 Decrease Marijuana (?) 

After meals 
 Increase Acetoacetic acid, acetone and ascorbic acid are chromogenic in picrate 

reaction; glucose same as above 
Digoxin  
 Increase Quinidine releases digoxin from heart muscle and also decreases renal 

excretion of digoxin, causing substantial increases in serum digoxin 
 

Glucose  
 Decrease Ascorbic acid interferes with glucose oxidase procedures  
 Increase Ascorbic acid interferes with procedures which utilize reduction (e.g., 

reduction of cupric ion, ferricyanide, etc.) 
Occult Blood  
 False negative Ascorbic acid inhibits tetramethylbenzidine reaction 
 False positive Large amounts of meat or undigested meat fibers; aspirin in over 70% of 

patients when given >3 g/day due to bleeding into GI tract 
Phenobarbital  
 Increase Valproic acid causes increase in serum �hime��lide�� by inhibiting 

its renal excretion 
 

Potassium  
 Decrease Diuretics, cathartics, aspirin, steroids 
 Increase Blood transfusions 

Hemolysis (non-drug) 
Refrigeration  of  whole  blood  (inhibition  of Na/K-ATPase pump) 
(non-drug) 
Marijuana (?) 
Spironolactone inhibits Na/K-exchange in renal tubules 
 

Sodium  
 Decrease Refrigeration of whole blood; inhibition of Na/K-ATPase pump (non-

drug) 
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Total T4  
  
 Decrease Phenytoin (Dilantin) and salicylates compete with binding sites on TBG 
 Increase Oral contraceptives increase TBG 
 
 

Listing of Effects of Drugs on Clinical Laboratory Tests 
 
While a number of reference works exist, the most complete is that by Young, et al. (see next page). The 
listing consists of two main files of reported interferences. 
 
These are arranged in 
 a. alphabetic listing by drug name 
 b. alphabetic listing by laboratory test 
 
Each file contains close to 20,000 entries of reported effects of drugs and also those of posture, sleep, 
insomnia, diurnal variation, sex differences, age differences, blindness, ovulation, menstruation, menopause, 
etc. 
 
Consultation of these listings whenever drug or other effects are suspected is highly recommended. All listed 
items of interference are referenced and a total of 5,476 literature sources are cited. The following sample 
pages are shown for the drug by drug and the test by test listings (with permission). 
 
The pertinent abbreviations as used in these listings are: 
 B- blood 
 C- cerebrospinal fluid 
 dec- decreased 
 inc- increased 
 M- methodological effect 
 0- other fluid 
 P- plasma 
 S- serum 
 T- test conditions 
 U- urine 
 V- in vivo effect 
 Z- No effect 
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    LABORATORY TEST LISTINGS 
 

• Absorbance at 450 nm 
 
Amniotic Fluid     Decrease     Analytical 
Dexamethasone Time dependent decrease when added to 
bilirubin containing amniotic fluid in vitro. 3345 
 
Prednisolone Time-dependent reduction in absorbance of 
bilirubin when added in vitro. 3345 
 

• Acebutolol 
 
Serum     No Effect     Physiological 
Nitrendipine Coadministration had no significant effect on drug 
kinetics. 2601 
 

• Acecainide 
 
Serum     Increase     Physiological 
Cimetidine Reported to reduce renal clearance 1146 
 

• Acenocoumarol 
 
Plasma     Decrease     Physiological  
Phenobarbital in 9 healthy volunteers when 10 mg 
acenocoumarol given after one week pretreatment with 
�hime��lide�� 2740 
 
Rifampin Decreased serum concentration due to hepatic enzyme 
induction. 24 
 
Plasma     Increase     Physiological 
Amiodarone  Significant potentiation of action so reduced dose 
of anticoagulant required. 6 
 
Cimetidine In 9 healthy volunteers plasma concentration 
remained consistently higher when a 10 mg dose of 
acenocoumarol was given with cimetidine when volunteers 
followed for 36 h. Clearance of acenocoumarol decreased by 
25% 2740 
 
Plasma     No Effect     Physiological  
Benazepril  No significant effect in 12 healthy male volunteers 
given 20 mg daily and constant amount of acenocoumarol. 5061 
 

• Acetaldehyde  
 
Blood     Increase     Physiological  
Disulfiram  Ethanol metabolism diverted (10 times normal 
concentration).  1846 
Sulfonylureas  Mechanism not yet elucidated.  1846 
 

• Acetaldehyde Oxidase 
 

Test Conditions     Decrease     Analytical  
Disulfiram  Inhibitory effect observed.  3963 
 

• Acetaminophen 
 
Serum    Decrease     Physiological 
Cholestyramine  Plasma concentrations reduced because of 
reduced gastrointestinal absorption. 1222 
 
Iron  Has functional chemical group in a configuration which 
will result in stable iron-drug complex possibly resulting in 
reduced serum drug concentration due to impaired 
gastrointestinal absorption 717 
 
Oral Contraceptives  Metabolic clearance may be increased 
requiring increased dose of acetaminophen to achieve the same 
effect 1146 
Coadministration of acetaminophen with oral contraceptives 
causes reduction of acetaminophen concentration due to 
enhanced glucuronidation. 12 
 
Propantheline  Delayed absorption with delayed gastric 
emptying. 5244 
Serum     Decrease     Analytical 
 
Tetracycline  Slight reduction of up to 18% at just above upper 
therapeutic concentration on method using o-cresol reaction. 788 
 
Serum     Increase     Analytical 
Aspirin  With Glynn and Kendal technique even with arithmetic 
corrections, due to metabolites.  254  
Significant positive effect on unmodified Glynn-Kendal 
technique. 4029 
 
Serum     Increase     Physiological 
Diflunisal  Increases plasma concentration 1146  
 
Isoniazid  Severe hepatic and renal toxicity in one woman who 
had ingested no more than 11.5 g acetaminophen. Concentration 
of 150 μmol/L observed. Toxicity suggested to be due to 
induction of P450 enzymes in liver and conversion of drug to 
toxic metabolites.  3465 
 
Metoclopramide  Increased rate of absorption with faster gastric 
emptying. 5244 
 
Probenecid  In 10 healthy volunteers coadministration of 
probenecid with acetaminophen caused maximal concentration to 
increase significantly to mean 23.5 μg/mL from mean baseline of 
18.2 μg/mL due to uncompetitive inhibition of glucuronidation 
in the liver  2492 
 
Serum     Increase     Analytical 
Salicylate Increases results with unified Glynn and Kendal 
technique. 254 
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              DRUG LISTINGS 
 
• Acarbose 
 
Cholesterol Serum     Decrease     Physiological In 47 patients 

with NIDDM treated with 300 mg/d for 24 weeks if 
cholesterol concentration initially low no significant 
change observed but if high concentration decreased from 
273 mg/dL to 251 mg/dL (upper tercile).  2918 

C-Peptide Plasma     No Effect     Physiological No significant 
change observed in 47 noninsulin-dependent diabetics 
when treated with 300 mg/d for 24 weeks.  2009 

Glucose Serum     Decrease     Physiological In 47 NIDDM 
patients treated with 300 mg/d for 24 weeks caused 
significant reduction especially in postprandial state. 2918 
In 47 patients with noninsulin dependent diabetes 
treatment with 300 mg/d for 24 weeks caused decrease of 
fasting concentration from mean of 9.8 mmol/L to 8.4 
mmol/L but with even greater effect on postprandial 
glucose concentration. 2009 In 14 type I diabetics 300 
mg/d for 6 weeks in addition to insulin caused mean 
concentration to decrease from 9.7 mmol/L to 8.5 mmol/L.  
3153 

HDL-Cholesterol Serum     No Effect     Physiological 
Although concentration steadily increased during 
treatment of 47 patients with NIDDM when treated with 
300 mg/d for 24 weeks similar effect observed with 
placebo.  2918 

Hemoglobin A1C Blood     Decrease     Physiological 
Significant reduction observed in 47 patients with NIDDM 
treated with 300 mg/d for 24 weeks. 2918 In 47 patients 
with noninsulin dependent diabetes treatment with 300 
mg/d for 24 weeks caused significant decrease 
(concentration with placebo 9.32% with acarbose 8.35%).  
2009 In 14 type I diabetics 300 mg/d for 3 months in 
addition to insulin caused decrease from mean of 9.6 to 
8.3%.  3153 

Insulin Plasma     Decrease     Physiological    Significant 
reduction observed in 47 patients with NIDDM treated 
with 300 mg/d for 24 weeks especially postprandially. 
2918  
Plasma     No Effect     Physiological     No significant 
difference from placebo group in 47 patients with 
noninsulin dependent diabetes mellitus treated with 300 
mg/d for 24 weeks although postprandial insulin increment 
30% lower after 24 weeks. 2009  

Triglycerides Serum      Decrease     Physiological    In 47 
patients with NIDDM treatment with 300 mg/d caused 
reduction of 19% at 4 weeks. 26% at 8 weeks. 22% at 12 
weeks. 24% at 16 weeks. 13% at 20 weeks and 18% at 24 
weeks: all greater than reduction observed with placebo. 
2918 

 

• Acebutolol 

Albumin Serum     Decrease     Physiological    Significant 
change in 9 patients with hyperthyroidism within 4 hours 
of beginning treatment with 200 mg daily but no change 
observed after one week. 2544 

Antinuclear Antibodies Serum     Positive     Physiological 
Developed in 8 of 9 patients treated for 12 to 24 weeks. 
875 In 3 of 11 patients treated for 48 weeks: 
readministration after titer became negative resulted in 
significant rise. 488  In 20% of 35 men and 44% of 23 
women in comparison with 10.2% in men and 12.9% 
women with other antihypertensive drugs. 535 
Observed in 18.6% diabetics with drug versus 3.8% in 
normals and 1.3% in diabetics without drug. 2874 

Apolipoprotein A-I Serum     No Effect     Physiological 

Increase by 1 mg/dL in 11 patients given 400 mg daily for 
3 mo. 3490 

Apolipoprotein B Serum     No Effect     Physiological 
Decrease by 2 mg/dL in 11 patients given 400 mg daily for 
3 mo. 3490  

Apolipoprotein C-II Serum     No Effect     Physiological    No 
change in 11 patients given 400 mg daily for 3 mo. 3490  

Apolipoprotein C-III Serum     No Effect     Physiological 
Increase by 1 mg/dL in 11 patients given 400 mg daily for 
3 mo. 3490 

Apolipoprotein E Serum     No Effect     Physiological 
Increase by 1 mg/dL in 11 patients given 400 mg daily for 
3 mo. 3490  

Calcium Serum     No Effect     Physiological     No significant 
change in albumin-corrected calcium in 9 patients with 
hyperthyroidism treated with 200 mg daily for one week. 
2544 

Cholesterol Serum     Decrease     Physiological     Statistically 
significant reduction in 109 patients with mild essential 
hypertension treated with 400 mg daily for 2 months. 1073 
Serum     No Effect     Physiological    Decrease by 3 mg/dL in 
11 patients given 400 mg daily for 3 mo. 3490 In small numbers 
of patients when treated for 1-12 mo. 113 In several studies of 
about 15 patients treated for 1 to 12 mo. 110 Insignificant 
change on average in one 6 mo long study. 2907  

Creatinine Serum     Increase     Physiological     Significant 
increase observed over one week in 9 patients with 
hyperthyroidism treated with 200 mg daily for one week. 
2544 Serum     No Effect     Analytical    At 100 mg/L on 
reversed phase liquid chromatographic procedure of Zhiri 
et al. 5439  

Fatty Acids, Free (FFA) Serum   Decrease   Physiological 
Significant effect after one months treatment and then 
plateaued. 2907 Significant reduction in 18 patients treated 
for 6 mo. 2905 

Glucose Tolerance Serum     Decrease     Physiological 
Increased glucose at 60 and 120 minutes without impaired 
release of insulin. 2905 

HDL-Cholesterol Serum     Decrease     Physiological     But 
insignificantly in 18 patients treated for 6 mo. 2905 
Reduction of 11.7% observed in 129 patients with mild 
essential hypertension after treatment for 2 months with 400 
mg daily. 1073 Slight effect, but no change in ratio of 
HDL/total cholesterol. 2907 Serum      No Effect 
Physiological Decrease by 2 mg/dL in 11 patients given 400 
mg daily for 3 mo. 3490 Insignificant change on average in 
one 6 mo long study. 2907 In several studies of about 15 
patients treated for 1 to 12 mo. 110 In small numbers of 
patients when treated for 1-12 mo. 113  

17-Ketosteroids Urine     Increase     Analytical     Dose 
dependent increase of concentration when determined by 
Zimmermann procedure. Same effect produced by 
acetylated acebutolol. 3669 

LDL Cholesterol Serum     No Effect     Physiological     In 
several studies of about 15 patients treated for 1 to 12 mo. 
110 In small numbers of patients when treated for 1-12 
mo. 113 Insignificant change on average in one 6 mo. 
Long study. 2907 

Procollagen Type III N-terminal Propeptide  
Serum     No Effect      Physiological    No significant 
change observed in 15 healthy men aged 28 to 45 years 
given 2 μg/d for 7 days 1889 

• Calcium Acetate 
Potassium Serum     No Effect     Analytical    No effect of 

concentrations up to 4.9 mmol/L on method on Kodak 
Ektachem 4658 
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• Calcium Bromogalactogluconate 

Bromide Serum     Increase      Physiological    In patient 
taking 12 g drug daily for 3 mo serum concentration of 
18.7 mmol/L. 3926 Theoretical possibility since drug 
contains 16.7% bromide 4193  

Chloride Serum     Increase     Analytical    Relatively small 
error by coulometric method as used on Beckman Astra 
but significant increase at clinical concentrations with 
thiocyanate methods on Technicon RA 1000 or SMAC 
3926 

• Calcium Carbimide 

Oxalate Urine     Decrease     Analytical    Inhibits enzymatic 
procedure for measurement. 5429 

 

• Calcium Carbonate 
 
Calcium Serum     No Effect     Physiological    No rise after 4 

g observed. 4516 
Crystals Urine     Increase     Physiological    Small colorless 

dumbbells/spheres (not in acid urine). 561 
Gastrin Serum     increase     Physiological    2 fold increase. 

Maximum 30 to 75 minutes after. 4516 
 

• Calcium Gluconate 
 
Calcium Serum     Increase     Physiological    Marked effect 

noted in newborns. 2105 
Glucose Serum     Decrease     Physiological    Slight effect 

observed in newborns. 2105 
11-Hydroxycorticosteroids  Plasma     Increase    

Physiological Transient effect maximum at 15 minutes 
after i.v. 2026  

17-Hydroxycorticosteroids Urine    Increase   Physiological 
Reduced value reported in a single case. 664  

Insulin Plasma     Increase     Physiological    Marked effect 
noted in newborns. 2105 

131I Uptake Serum     Decrease     Physiological    Wafer of 
Upjohn contains tetraiodofluorescein. 3616  

Magnesium Serum     Decrease     Analytical    False decrease 
if measured by titan-yellow. 119 
Serum     No Effect     Physiological    No effect on 
dihydroxyazobenzene method. 4795 
Urine     Decrease     Analytical    False decrease if 
measured by titan-yellow. 119 

 

• Calcium Hypochlorite 
 
Cannabinoids Urine     No Effect     Analytical    No effect on 

Roche Abuscreen method. 4124 
 

 
• Calcium Ions 
 
Lipase Serum     Decrease     Analytical    At concentrations 

above 5 mmol/L on method of Tietz. 4927   
Serum     No Effect     Analytical    Up to 5 mmol/L on 
method of Tietz. 4927 

• Calcium Nitrate 

Bilirubin Serum     No Effect     Analytical    At concentration  
 

      of 200 mmol/L had no effect on method on Kodak 
Ektachem®.  4658 

 

• Calomel 
 
Color Feces     Increase     Analytical    Green color observed. 

1641 
 

• Camazepam 
 
Benzodiazepine Urine     Positive     Analytical    At 

concentration of 7.5 μg/mL or greater produces positive 
result with Syva EMIT II assay 1484 

 

• Candoxatril 
 
Atrial Natriuretic Peptide Plasma    Increase    Physiological  

In patients with essential hypertension concentration 
increased 2-fold regardless of whether patients were 
receiving 350 mmol or 10 mmol sodium/d 4566  

N-terminal Pro-atrial Natriuretic Peptide Plasma    No 
Effect     Physiological    In patients with essential 
hypertension concentration increased by high sodium diet 
(350 mmol/d) but increased concentration not affected by 
candoxatril 4566 

Renin Activity Plasma     Decrease     Physiological    On  
10 mmol/d sodium diet concentration suppressed when 
patient receiving candoxatril but not affected when 
patients receiving 350 mmol/d sodium 4566 

Sodium Urine     Increase     Physiological    With inhibition 
of endopeptidase 24.11 inhibition by candoxatril urinary 
excretion increased 3-fold on 10 mmol/d sodium and  
6-fold on 350 mmol/d sodium diet 4566 

• Cannabis 

Catecholamines Urine     No Effect     Physiological 
Essentially unchanged with moderate dose. 2210 

Chloride Serum     Increase     Physiological    Reported 
effect. 3050 

Cortisol Plasma     No Effect     Physiological    Essentially 
unchanged with moderate dose. 2210 

Creatinine Serum     Decrease     Physiological    Reported 
effect. 3050 

Creatinine Clearance Urine     Decrease     Physiological 
Temporary decrease noted. 2210 

Fatty Acids, Free (FFA) Serum     No Effect     Physiological 
No effect observed. 2210 

Glucose Serum     Decrease     Physiological    Hypoglycemic 
effect approximately 4 h after use. 1192 
Serum    Increase     Physiological    Reported effect. 1504 
Serum     No Effect     Physiological    No effect observed. 
2210 

 
 
Glucose Tolerance Serum     Decrease     Physiological 

Increased concentrations noted in same subjects at 1/2 to  
1 h. 3878 

Insulin Plasma     Increase     Physiological     Responsible for 
hypoglycemia. 1192 

Phosphate Clearance Urine     Decrease     Physiological 
Temporary decrease noted. 2210 

Potassium Serum     increase     Physiological    Reported 
effect. 3050. 

Sodium Serum     Increase     Physiological    Reported effect. 
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3050 
 
Urea Nitrogen Serum     Increase     Physiological    Reported 

effect. 3050 
 
 
Uric Acid Serum     Decrease     Physiological    Reported  
 effect. 3050 
 

 
 
 
 
 
 

Canola Oil 
 
Alanine Aminotransferase Serum     No Effect     
Physiological   No significant change observed in  

36 hyperlipidemic patients given 30 mL daily for 4 months 
440 

 
Alkaline Phosphatase Serum     No Effect     Physiological   

No significant effect observed in 36 hyperlipidemic 
patients given 30 mL daily for 4 months 440 

Aspartate Aminotransferase Serum      Increase 
Physiological      No significant change observed in 36 
hyperlipidemic patients given 30 mL daily for 4 months 440 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Identify test values that are higher in newborns and/or children than in adults 
 Identify test values that are lower in newborns and/or children than in adults 
 Discuss the mechanisms for the differences in these test values between newborns and/or 

children and adults
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PEDIATRIC CLINICAL CHEMISTRY 
 
 
Profound biochemical changes take place in the period between birth and adulthood, and many of these are 
reflected by clinical chemistry test values in this age group that differ significantly from those considered 
normal in adults. The most pronounced and/or accelerated changes are seen in the newborn period and during 
puberty. 
 
The most significant differences are: 
 
A. Test values that are higher in newborns and/or children than in adults: 
 
 1. Acid phosphatase (ACP) 
 2. Alkaline phosphatase 
 3. α-fetoprotein 
 4. Ammonia 
 5. AST 
 6. Bilirubin 
 7. Creatine kinase (CK) 
 8. Potassium 
 9. Gamma glutamyl transferase (GGT) 
 10. Hemoglobin F (fetal hemoglobin, Hb F) 
 11. Phosphorus 
 12. Proteins in cerebrospinal fluid (CSF) 
 13. Thyroid stimulating hormone (TSH) 
 14. Thyroxine (T4) 
 
B. Test values that are lower in newborns and in children than in adults: 
 
 1. Bicarbonate 
 2. Albumin 
 3. Amylase (absent in newborns) 
 4. Cholesterol 
 5. Copper 
 6. Creatinine 
 7. Glucose 
 8. Haptoglobin 
 9. Hemoglobin  A2 (HbA2) 
 10. Immunoglobulins A, M, and E (IgA, IgM and IgE) 
 11. Osmolality (270 – 285 mOsm/kg) 
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COMMENTS: 
 
Acid phosphatase 
The higher activity is probably due to higher osteoclastic activity.  The test is used in children in the diagnosis 
of Gaucher’s disease (Cerebroside lipidosis) in which acid phosphatase is twice normal. 
 
Alkaline phosphatase 
 Elevated due to growth activity of bones. 
 Adult levels reached at ~14-16 years of age (when growth ceases). 
 
Amylase 
 Virtually absent in newborns. Rises to adult levels at 1 year. 
 
AST (SGOT) 
 Elevated in neonates. 
 Adult levels reached at 3 months. 
 
Bilirubin 
 Peak of physiologic jaundice reached on third day (up to 12 mg/dL)  
 Adult levels reached at 1 month. 
 
Copper 
 Decreased in neonates. 
 Adult levels reached at 6 months. In Wilson’s disease low because of low ceruloplasmin. 
 
Creatinine 
 Decreased in neonates and children, due to small muscle mass.  
 Adult levels reached at >10 years. 
 
Glucose (fasting) 
 Newborns: 25-90 mg/dL 
 Children:  60-100 mg/dL 
 Adults:  65-105 mg/dL 
 
Haptoglobin 
 In newborns almost always absent. 
 Adult levels reached at 1 year. 
 The rare ahaptoglobinemia can be diagnosed only after one year of age. 
 
HbA2 
 Absent in newborns, levels increase slowly until adulthood. 
 
HbF 
 At birth HbF is 50-85% of total Hb. Adult levels of < 1% are reached after 8 years of age. 
 
Immunoglobulins 
 At birth IgA, IgM and IgE are very low. Adult levels are reached at about five years.  IgG is present 

in the serum of newborns in levels approximating those of adults (maternal origin). 
 
Phosphorus 
 In newborns levels are from 5.0-10.0 mg/dL. Adult levels are reached when growth ceases. 
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Potassium 
 Higher than adults before 1 year; adult levels are reached at > 1 year. 
 
Proteins in CSF 
 Newborns:  40-120 mg/dL 
 1 year and older: 15-40 mg/dL 
 
TSH 

In the first two weeks values are about 2X normal. After two weeks of age adult levels are reached. TSH 
is high in neonatal hypothyroidism. Therefore, many states have passed laws requiring neonatal 
screening. 

 
Total T4 
 About twice normal adult level in newborns. Adult levels are reached after ten years. 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 

 Discuss the use of serum cardiac troponins I and T in the diagnostic workup of suspected 
acute myocardial infarction 

 Discuss the use of serum creatine kinase MB in the diagnostic workup of suspected acute 
myocardial infarction 

 Discuss the use of serum myoglobin in the diagnostic workup of suspected acute 
myocardial infarction 

 Describe the time course for elevation of serum myoglobin, creatine kinase MB, and the 
cardiac troponins following acute myocardial infarction 

 Describe at least five other (i.e., non-acute myocardial infarction) conditions in which 
serum creatine kinase MB may be elevated 

 Calculate the creatine kinase index, discuss its use, and interpret the results 
 Discuss the use of serum B-type natriuretic peptide and N-terminal-pro-B-type natriuretic 

peptide in the workup of congestive heart failure 
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LABORATORY DIAGNOSIS OF CARDIAC DISEASE 

A. KEY TERMS 

Acute Myocardial Infarction (AMI) – blockage of circulation to heart tissue causing necrosis; 
frequently associated with pallor, perspiration, substernal chest pain radiating down the arms, nausea, 
dyspnea, dizziness, and electrocardiographic (ECG) changes 

Acute Coronary Syndrome (ACS) – a wide range of acute heart conditions including ST-segment 
elevation myocardial infarction, non-ST-segment myocardial infarction, and unstable angina 

Cardiac markers – proteins used to monitor damage to cardiac tissue, typically cTnI, cTnT, CKMB, 
and myoglobin 

Cardiac troponin T (cTnT) – protein released from myocardium due to tissue damage (cardiac 
specific) 

Cardiac troponin I (cTnI) – protein released from myocardium due to tissue damage (cardiac 
specific) 

Congestive heart failure – cardiac dysfunction syndrome caused by insufficient cardiac output to 
meet perfusion needs of the patient, characterized by breathlessness, abnormal sodium and water 
retention, and often edema 

Creatine kinase (CK) – enzyme released from variety of muscle and other tissues indicating non- 
specific tissue damage 

Creatine kinase MB (CK-MB) – CK enzyme found in highest concentration in heart, also in other 
tissue 

Dypsnea – difficult or labored breathing 

Isoenzyme – a group of different proteins (different sequence) that have the same function 

Myoglobin – protein released from multiple sources indicating non-specific tissue damage 
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B. BACKGROUND/SIGNIFICANCE 

It is estimated that about 6 million people present to the emergency department in the US each year 
with complaints of chest pain. Of these about 4 million people are admitted for workup of AMI and 
1.5 million people rule in as having an AMI. Unfortunately about 30,000 of the remaining patients are 
discharged with an undiagnosed AMI1. 

C.  ACUTE MYOCARDIAL INFARCTION 

Following ischemic injury to cells, cell membrane integrity is damaged allowing intracellular 
constituents to leak into the blood stream. Important parameters that determine utility of a cellular 
component as a marker for ischemic cardiac damage include: 

• Intracellular location; cytosolic components generally reach bloodstream faster than 
structural components 

• Size; smaller components tend to reach bloodstream faster than larger components 
• Tissue specificity; markers that are specific for cardiac tissue provide increased 

specificity of the assay 

A variety of proteins are used to detect myocardial damage. The choice of which cardiac markers to 
analyze depends on the time elapsed since the suspected beginning of the infarction, which is usually 
taken as the time of the onset of chest pain or discomfort. Diagnostic problems arise because many of 
these substances circulate in the blood, albeit at lower levels, in health. 

Currently the following proteins are monitored when evaluating patients for myocardial infarction: 

Table 1: Cardiac Markers 

Marker Reference Range 
Cardiac troponin I (cTnI) < 0.07 ng/mL 
Cardiac troponin T (cTnT) < 0.1 ng/mL 
Creatine kinase MB isoenzyme (CK-MB) < 10 ng/mL 
Myoglobin < 100 ng/mL 

(> 25% increase over 90 min. suggests AMI)

                                                      
1 McCarthy BD et al., Missed diagnoses of acute myocardial infarction in the emergency department: results from a 
multicenter study, Ann. Emerg. Med. 22:579-582, 1993 
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Figure 1: Release of Cardiac Markers following AMI (courtesy of A.H. Wu) 

(NOTE: LD1 is an outdated marker only rarely used) 

Table 2: Protein Elevations in Serum after MI 

 Time After Infarction  

Serum Protein 1st Elevation (hours) Peak Elevation (hours) Duration of Elevation (days) 

CK-MB 4-6 18-36 3 (~2-3× normal only) 

Myoglobin 2-3 6-9 1 

Troponin I & T 4-6 24-36 depends on extent of damage 

Definition of acute, evolving or recent MI2 
1. Rise and fall of troponin or CK-MB with at least one of the following: 

a. Ischemic symptoms 
b. Q waves 
c. ECG changes (increase or decrease of ST segment) 
d. Coronary artery intervention (e.g., coronary angioplasty) 

2. Pathological findings of AMI 

1. TROPONIN 

The diagnosis of AMI relies heavily on the analysis of troponins. Of the markers currently 
available, cTnI and cTnT offer the highest degree of cardiac specificity. Troponin is a regulatory 
protein complex located on the thin filament of the contractile apparatus and consists of 3 protein 

                                                      
2 Alpert JS et al., Myocardial infarction redefined--a consensus document of The Joint European Society of 
Cardiology/American College of Cardiology Committee for the redefinition of myocardial infarction, J. Am. Coll. 
Cardiol. 36:959-969, 2000 
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subunits: troponin T, troponin I and troponin C which act to regulate muscle contraction. 
Troponin T binds to tropomyosin, Troponin I inhibits myosin ATPase, and Troponin C binds to 
calcium. 

Unlike other cardiac markers that are used to detect cardiac damage, cTnI and cTnT have 
different isoenzymes from those found in skeletal muscle, and thus they are specific for cardiac 
injury. In addition to detecting an AMI, elevations of either cTnT or cTnI have prognostic value. 
Marginally elevated concentrations of cTnT and/or cTnI are associated with future adverse 
cardiac events. 

It is important to realize that currently there are many different cTnI assays and reference ranges 
vary widely depending on who manufactures the assay.  

Since there is only one assay available for cTnT, the reference ranges have less variability 
between laboratories. Serum cardiac troponin T > 0.1 ng/mL suggests myocardial damage, an MI, 
or high risk for future myocardial events. Many end-stage renal failure patients on hemodialysis 
(60%) have elevated cTnT, which does not represent an AMI, but is associated with future 
adverse cardiac events. The percentage of end stage renal failure patients on dialysis that are cTnI 
positive is less than that observed with cTnT. 

 

Figure 2: Structure of Troponin Complex 

2. CREATINE KINASE (CK) ISOENZYMES IN MYOCARDIAL INFARCTION 

CK (molecular weight 86 kilodaltons) is an enzyme responsible for the conversion of creatine 
into phosphocreatine, the energy source for muscle contraction. Since CK is found in all muscle 
tissue, elevations of the total activity of this enzyme are not specific for cardiac damage. 
However, CK is a dimer, and there are three different forms of the enzyme (isoenzymes) with 
varied tissue distribution. In skeletal muscle the predominate form of CK is CK-MM. In heart 
muscle CK-MM is also the predominate form, but CK-MB makes up about 20% of the CK 
activity, whereas in skeletal muscle CK-MB is generally about 1% of the CK activity. The third 
form of CK, which is not used as a cardiac marker, is CK-BB. 
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Creatine Phosphocreatine
• high energy compound 
for muscle contraction

Creatinine
• used to monitor renal function
• 1-2% of muscle mass per day 

Spontaneous 
cyclization

Creatine Kinase (CK)
• monitored to diagnose
muscle damage
• MB isoenzyme more 
specific for myocardium

Creatine Phosphocreatine
• high energy compound 
for muscle contraction

Creatinine
• used to monitor renal function
• 1-2% of muscle mass per day 

Spontaneous 
cyclization

Creatine Kinase (CK)
• monitored to diagnose
muscle damage
• MB isoenzyme more 
specific for myocardium

 

Figure 3: Relationship between Creatine, Creatine Kinase, Phosphocreatine, and Creatinine 

Since cardiac tissue has the highest percentage of CK-MB isoenzyme (22% CK-MB and 77% 
CK-MM), this isoenzyme is monitored in the diagnosis of AMI. The key finding in myocardial 
infarction is an elevation of CK-MB to greater than 10 ng/mL, approximately 6-48 h after the 
onset of chest pain. 

It is important to remember that CK-MB is not cardiac specific, as about 1% of the CK found in 
skeletal muscle tissue is CK-MB. The tissue distribution of CK is shown on the figure on the next 
page. The lack of specificity of CK-MB for cardiac tissue has led the use of the CK index 
(“relative index”). 

CK Index =
CK-MB mass (ng/mL) 
Total CK activity (U/L)

× 100

CK-MB < 10 ng/mL and an index < 2.5 is considered normal 
CK-MB > 10 ng/mL and an index > 2.5 suggests cardiac damage 
CK-MB > 10 ng/mL and an index < 2.5 suggests skeletal muscle damage 

Other reasons for elevations of CK-MB are: 

Myocarditis 
Polymyositis 
Muscle trauma 
Muscular dystrophies 
Malignant hyperthermia 

Shock 
Cardiac surgery 
Surgery 
Severe angina 
Idiopathic (rare)

Coronary insufficiency 
Other myopathy 
Dermatomyositis 
Drug induced rhabdomyolysis 

In these cases the use of the CK index helps distinguish between cardiac and non-cardiac causes 
of elevated CK-MB. 

It is advisable that during the first 24 hours at least three samples be drawn for in order to 
pinpoint the peak of the elevation of CK-MB. Demonstration of the peak (rise and fall) within 48 



 

 64 

hours increases the specificity of the test since it occurs in MI but not in muscle disease in which 
values plateau. An elevation of CK-MB above 10 ng/mL with an elevated CK index indicates 
myocardial infarction with very high specificity. 

 

Figure 4: Relative Activities of the CK Isoenzymes in Selected Human 
Tissues (adapted from Tsung, 1976) 

3. MYOGLOBIN 

Myoglobin is a low-molecular weight protein (about 16 kilodaltons) found in all skeletal and 
cardiac muscle and is involved in oxygen binding. Due to its small size, it appears in serum 
rapidly after release from injured muscle and is cleared into the urine. Since myoglobin is found 
in most tissues, it has the least specificity of any of the cardiac markers. False positive results for 
diagnosis of myocardial infarction may be encountered with skeletal muscle injury and renal 
failure. 

Serum myoglobin > 100 ng/mL is an early, but not specific indicator of myocardial infarction and 
thus should never be used by itself. For patients who arrive within several hours of onset of chest 
pain, myoglobin is analyzed on admission and 90 minutes later. If the concentration has increased 
by at least 25%, this is consistent with an early MI. This finding should be confirmed with more 
specific techniques (cTnI, cTnT, or CKMB). 
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Table 3: Table of Sensitivity and Specificity of Various Markers of Cardiac 
Injury (from Wu, A.H., Diagnostic Enzymology in Clinical 
Laboratory Medicine, 1994) 

Sensitivity (%) 
Marker 2 – 8 h 8 – 24 h 24 -72 h 72 h 

Specificity  
(%) 

Myoglobin 95 75 0 0 70 
CK-MB 60 95 98 50 95 
Troponins 75 95 98 98 90 

D.  CONGESTIVE HEART FAILURE (CHF) 

An estimated 4.8 million Americans have CHF with an additional 550,000 new cases each year. Of 
the CHF patients, about 300,000 patients will die each year3. Symptoms of CHF are often nonspecific 
(dyspnea) and consequently this syndrome is sometimes difficult to diagnose. Analysis of B-type 
natriuretic peptides (BNP) have been approved as diagnostic markers for CHF. BNP is synthesized as 
a pro-molecule consisting of 108 amino acids, pro-BNP (1-108). With left ventricular dysfunction 
(volume overload and myocardial stretch) pro-BNP (1-108) is released from the left ventricle. During 
this process pro-BNP (1-108) is cleaved into the active hormone BNP (77-108) and an inactive N-
terminal fragment known as NT-pro-BNP (1-76). Assays with antibodies that recognize to the 
carboxy-terminal of the molecule, BNP (77-108), or the amino-terminal, NT-pro-BNP are used to 
diagnose and monitor treatment of CHF. Both NT-pro-BNP and BNP concentrations have been 
shown to correlate with the degree of cardiac failure, but these assays have different reference ranges. 
Thus it is important to know which type of analysis is being performed. 

Table 4 

Marker Reference Range 
BNP (77-108) <   80 pg/mL 
NT-pro-BNP (1-76) if less than 75 years old < 125 pg/mL 
NT-pro-BNP (1-76) if greater than 75 years old < 450 pg/mL 

 

 

 

 

 

 

 

                                                      
3 American Heart Association, 2002 Heart and Stroke Statistical Update, Dallas, Texas: American Heart 
Association, 2001 [available at <http://www.americanheart.org/presenter.jhtml?identifier=1928>] 
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CASE 1 (modified from J. Emerg. Med. 18(1):55-59, 2000) 

A 34-year-old woman presented with squeezing substernal chest pain radiating across her chest and 
down both arms, diaphoresis, palpitations, light-headedness, and shortness of breath for 3 h. She did 
not smoke cigarettes or use recreational drugs, and had no history of hypertension, 
hypercholesterolemia, diabetes mellitus, or family history of cardiac disease. EKG changes showed 
0.5 to 1.0 mm ST changes. 

Vital signs: blood pressure 159/97 mmHg, heart rate 52 beats/min, respiratory rate 16 breaths/min, 
room air oxygen saturation 100%, and oral temperature 37.0°C. Cardiac examination revealed a 
regular rate and rhythm with I/VI systolic flow murmur. Lung, extremity, skin, peripheral pulse, and 
neurologic examinations were normal. 

Lab Test 
Time (hours) 6 12 24 30 

CK U/L 
(normal < 200 U/L) 

176 195 175 84 

CK-MB 
(normal < 10 ng/mL) 

8 14 10  

1. Calculate relative index for the 6 hour, 12 hour and 24 hour time points. 

2. Based on these findings discuss whether or not this patient ruled in for MI. 

3. What other lab tests would have been useful to diagnose cardiac damage? 
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CASE 2 

A 57-year-old man presented to the emergency department with a 1-hour history of shortness of 
breath, coughing, and “chest tightness.” He states that his symptoms appeared suddenly while he was 
watching television on his couch. He describes a constant “squeezing” sensation in his chest limited 
to the parasternal region associated with a paroxysmal nonproductive cough. He describes his 
shortness of breath as “difficulty getting air,” denying any pain on inspiration or expiration. He denies 
any similar episode in the past. His past medical history is significant for diabetes mellitus, 
hypertension, and severe peripheral vascular disease. In the past 6 years his right leg was amputated 
just above the knee and the left leg below the knee. He denies any syncopal episode, thigh, or 
abdominal swelling. He sleeps on one pillow at night and usually does not wake up to urinate. He 
used to drink alcohol heavily but has not had a drink since 1978. He denies any tobacco or illicit drug 
use. 

Vital signs: T 97 °F, P 125 BPM, RR 28/min, BP 179/102 mmHg 

Physical Exam:  

Neck: No jugular venous distension (JVD) 

Heart: Sinus tachycardia, regular rhythm; grade I/VI nonradiating systolic ejection 
murmur at the left sternal border 

Lungs: Fine rales in the lower ½ of each lung field; no rhonchi or friction rubs 

Chest wall: No tenderness to palpation 

Abdomen: No ascites or hepatosplenomegaly; no tenderness 

CXR: Bilateral fluffy infiltrates consistent with pulmonary edema 

EKG: Sinus tachycardia; no acute changes from previous EKG; no S-T segment 
depression or elevation (on admission) 

Laboratory Tests: Admission 30 min 60 min 90 min 3 hrs 8 hrs 12 hrs 
CK-MB  
(ng/mL) 2.7 4.3 5.3 6.5 9.8 11.4 8.8 
Troponin I 
(ng/mL) 0.1 0.3 0.5 0.8 3.6 8.2 5.9 
Myoglobin 
(ng/mL) 49 98 165 184 129 86 56 

1. How do you interpret these data? Are they diagnostic? 

2. Given the above results, graph their relative crescendos, peaks, and durations of elevation. 

3. What do the lab tests tell you about the chronology of events? 

4. Why might the patient not have presented with typical chest pain? 
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LABORATORY DIAGNOSIS OF RENAL 
DISEASE   
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Identify the most common non-protein nitrogenous substances in serum 
 Describe the influence of diet on serum urea-nitrogen 
 Discuss the use of serum urea-nitrogen, serum creatine, and glomerular filtration rate in the 

workup of renal disease 
 Calculate the creatinine clearance as an estimate of glomerular filtration rate 
 Describe physiological conditions in which the serum urea-nitrogen: creatinine ratio is 

increased 
 Describe physiological conditions in which the serum urea-nitrogen: creatinine ratio is 

decreased 
 Discuss the most common laboratory findings in acute pyelonephritis 
 Discuss the most common laboratory findings in nephrotic syndrome 
 Discuss the most common laboratory findings in acute glomerulonephritis 
 Discuss the most common laboratory findings in chronic glomerulonephritis 
 Calculate the selectivity ratio 
 Discuss the laboratory findings that differentiate prerenal from renal failure 
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LABORATORY DIAGNOSIS OF RENAL DISEASE 
 
Key Terms 
  
Albuminuria- The presence of albumin in urine. 
 
Anuria – The lack of urine output. 
 
Azotemia- An excess of urea and/or other nitrogenous compounds in the blood. 
 
Bowman’s capsule- A structure consisting of glomeruli and extended opening of proximal tubule. 
 
Casts- Protein aggregates, outlined in the shape of renal tubules and excreted into the urine.  The matrix is the 
Tamm-Horsfall protein (see below). 
 
Creatinine clearance- An estimate of the glomerular filtration rate obtained by measurement of the amount of 
creatinine in the plasma and its rate of excretion into the urine. 
 
End-Stage Renal Disease (ESRD)- A condition in which renal function is inadequate to support life. 
  
Glomerular Filtration Rate (GFR)- The rate in milliliters per minute that substances such as creatinine and 
urea are filtered freely through the kidney’s glomeruli; a reflection of the number of functioning nephrons. 
Estimated by the creatinine clearance (see above). 
 
Glomerulonephritis- Nephritis accompanied by inflammation of the capillary loops in the glomeruli of the 
kidney; occurs in acute, subacute, and chronic forms and may be secondary to hemolytic streptococcal 
infection; evidence suggesting possible immune or autoimmune mechanisms. 
 
Glomerulus- A tuft of blood vessels found in the nephron of the kidney that are involved in the filtration of 
the blood. 
 
Hematuria- Blood in the urine. 
 
Hemodialysis- The exogenous removal of certain elements from the blood by virtue of the difference in the 
rates of their diffusion through a semipermeable membrane (for example, by means of a hemodialysis filter). 
 
Isosthenuria – Fixed specific gravity of urine (1.008 – 1.012). 
 
Microalbuminuria- Low-grade, dipstick-negative increase in urine albumin excretion, useful in monitoring 
renal status of individuals prone to renal impairment from diseases such as diabetes. 
 
Nephritis- Inflammation of the kidney with focal or diffuse proliferation or destructive processes that may 
involve the glomerulus, tubule, or interstitial renal tissue. 
 
Nephron- The anatomical and functional unit of the kidney, consisting of the renal corpuscle, proximal 
convoluted tubule, descending and ascending limbs of Henle’s loop, distal convoluted tubule, and collecting 
tubule. 
 
Nephrotic Syndrome- General name for a group of diseases involving increased glomerular permeability, 
characterized by massive proteinuria and lipiduria with varying degrees of edema, hypoalbuminemia, and 
hyperlipidemia. 
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Peritoneal Dialysis- Hemodialysis through the peritoneum, the dialyzing solution being introduced into and 
removed from the peritoneal cavity as either a continuous or an intermittent procedure. 
 
Pyelonephritis- Inflammation of the kidney and its pelvis. 
 
Pyuria- The presence of pus (an inflammation fluid with leukocytes and dead cells) in the urine. 
 
Renal threshold- The plasma concentration of a substance above which it will be excreted into the urine. 
 
Tamm-Horsfall Protein- A mucoprotein produced by the ascending limb of the loop of Henle that is a normal 
constituent of urine and is the major protein constituent of urinary casts. 
 
Uremia- An excess in the blood of urea, creatinine, and other nitrogenous end products of protein and amino 
acid metabolism; more correctly referred to as azotemia. 
 
I.     Non-protein nitrogenous (NPN) substances in serum 
 
 The excretory function of the kidney serves to rid the body of undesirable end products of metabolism. 

One of these groups, the NPN compounds, is listed below: 
 

Urea Other minor Nucleotides 
Uric acid contributors: Purines 
Creatinine    Polypeptides 
Creatine    Glutathione 
Amino acids  
Ammonia  

 
 The two most popular screening tests for renal function are serum urea nitrogen and serum creatinine. 

Better measures of glomerular function are clearance tests. This is especially true in the aged, where 
serum creatinine measurements are less reliable due to decreasing muscle mass. 

 
 In uremia (kidney failure) the increase is mainly in urea, creatinine and uric acid. Uric acid and the other 

NPN-compounds are measured rarely in this context. Serum urea nitrogen (SUN) is normally ~45% of 
total NPN, but may be 80% of NPN in some disease states. In hepatic failure the ratio of non-urea/urea 
nitrogen increases, because of the inability of the liver to synthesize urea and to deaminate amino acids. 

 
 II.  Urea Nitrogen 
 
 Historically, urea was reported as blood urea nitrogen (BUN) and this terminology has been incorrectly 

carried over to the present. Urea nitrogen is now measured using serum and is reported as “serum urea 
nitrogen” (SUN). Urea is synthesized mostly in the liver as a by-product of the deamination of amino 
acids arising from protein catabolism. 

 
 Urea is filtered by the glomeruli; however, about 40-70% (amount depends on urine flow) is reabsorbed 

by passive diffusion into blood across the renal tubular epithelium. Thus, in conditions in which the 
glomerular filtration rate is decreased, SUN will be increased.  

 
  Reference Range: serum urea nitrogen: 8-18 mg/dL 
 
 The serum urea nitrogen level is greatly influenced by diet: 
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  Daily Protein Intake Urea-N (Average) 
 Low protein diet: 0.5 g/kg body weight ~5 mg/dL 
 Average protein diet:  1 g/kg body weight ~12 mg/dL 
 High protein diet: 2 g/kg body weight ~22 mg/dL 
 
 SUN is not a sensitive indicator of renal dysfunction because renal function must be reduced by more 

than 50% to result in a rise of SUN.   
 
III.  Creatinine 
 
 Creatinine is derived from spontaneous conversion of muscle creatine (about 2% of total muscle 

mass per day). Daily excretion is fairly constant and independent of urinary volume. Thus this 
measurement can be used to assess the relative completeness of a 24-hour urine collection. 

 
  Average men excrete: 1.5 g/d into the urine 
   women less; athletes more 
 
 Patients with hepatic disease, muscular dystrophy, paraplegia and poliomyelitis may excrete less 

creatinine due to decreased production.  
 
  Reference Range for serum creatinine: M:  0.6 – 1.3 mg/dL 
  F:   0.5 – 1.1 mg/dL 
 
 Note: 
 
 Creatinine production is based on weight and gender that is generally related to muscle mass. Thus, 

be circumspect when treating individuals with a high normal creatinine when a low creatinine is 
appropriate due to small muscle mass. This would include children, elderly, women, paralyzed 
patients, and amputees. 

 
IV. Glomerular filtration rate 
 
 A useful assessment of renal function is the measurement of the glomerular filtration rate (GFR), 

especially in older people. The clearance of endogenous creatinine is a reflection of the GFR since 
creatinine, for the most part, is freely filtered. Normally, only small amounts (< 6%) are reabsorbed by 
the tubules and an equal amount may be secreted by the tubules. The endogenous creatinine clearance 
rate is calculated by the following formula: 

 
Ucreat 1.73 m2 Ccreat = 
Pcreat 

x V
 

x 
A 

 
where Ccreat = creatinine clearance rate in mL/min, Ucreat = urinary creatinine in mg/dL,  

V  = urine flow in mL/min (volume of timed urine/collection time), and Pcreat = plasma 
creatinine in mg/dL. Since creatinine clearance is related to patient size, a more accurate 
formula includes an estimation of body surface area in square meters obtained from a 
nomogram using the height and weight of the patient. A = body surface area in m2, and 1.73 
m2 is the average body surface area. In essence this formula “normalizes” the clearance to  
that of a normal-sized person. Patients being tested for the GFR must be well hydrated to 
provide a urine flow of >2 mL/ min. 
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  Reference Range: Male = 117±20 mL/min. Female = 95 ±20 mL/min 
 
 The relationship between serum creatinine and creatinine clearance is logarithmic (see Figure). Thus, 

initially, for small numeric changes in serum creatinine, there are significant numeric changes for 
creatinine clearance. In later stages of uremia, small numeric changes in the clearance are associated with 
significant changes in serum creatinine. Note the decrease in the number of nephrons with decrease of 
clearance and increase in serum creatinine. 

 
Correlation of Plasma Creatinine and Creatinine Clearance 
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The endogenous creatinine clearance rate is primarily an estimate of GFR; however, a small amount of 
tubular secretion augments glomerular filtration. Therefore, total urinary creatinine is slightly higher than 
the amount actually filtered by the glomeruli. The amount of urinary creatinine derived from tubular 
secretion rises proportionally in renal failure with an increase in plasma creatinine.  With advancing renal 
failure and increase in serum creatinine, the tubular secretion proportionally increases up to 40 – 60%. 
Thus, the endogenous creatinine clearance is usually overestimated in renal failure. 

 
Alternatively, more accurate isotopic methods for measuring GFR can be utilized, e.g., the clearance of 
injected 51Cr-labelled EDTA from the blood. This compound is completely filtered by the glomeruli and 
is not secreted or reabsorbed by the tubules. However, this method requires a special laboratory equipped 
to handle and measure radioactive isotopes. 

 
        Finally, some clinical laboratories report an “estimated creatinine clearance” based upon a single serum   
        creatinine measurement and body weight in kilograms (Cockroft and Gault estimate).4 

 

 

 

4Tietz Textbook of Clinical Chemistry, 3rd edition, 1999, p 1242. 
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V.   Tubular Function 
 
 The functions tested most often are renal concentrating power and the ability to produce an acid urine. (In 

suspected renal tubular acidosis.) 
 
 Urine osmolality and renal concentrating ability. 
 
 Osmolality refers to the concentration of osmotically active particles (osmolutes) in solution, expressed in 

mOsm/kg of water. Urine osmolality varies widely in health, between about 60 and 1250 mOsm/kg. The 
failing kidney loses its capacity to concentrate urine. A patient with polyuria due to chronic renal failure 
(CRF) is unable to produce either a dilute or a concentrated urine. Instead, urine osmolality in these 
patients is generally within 50 mOsm/kg of the plasma osmolality (i.e., between about 240 and 350 
mOsm/kg). 

 
Urine osmolality is a measure of concentrating power of the kidney. Urine specific gravity is usually 
directly proportional to osmolality. Both give misleadingly high results if there is significant glycosuria 
or proteinuria. The error can be mathematically corrected. Measurement of osmolality with an osmometer 
is more accurate, but also more difficult than specific gravity measurements. 

 
 Random testing of either specific gravity or osmolality is not very informative, due to the effect of fluid 

intake. Repeated measurements, or measurements under controlled fluid intake, are more reliable. 
Specific gravity values of more than 1.025 or osmolality values more than 875 mOsm/kg indicate 
adequate renal concentrating ability. Recurring values of 1.010 (1.008 – 1.012) indicate isosthenuria 
(fixed specific gravity). This finding suggests loss of tubular concentrating and diluting ability and is 
frequently a prelude to anuria. 

 
 
 SUN/CREATININE RATIOS IN VARIOUS CONDITIONS 
 Normal ratio: ~12-20 (or 10-18 with less specific methods) 
 
 In practice, the greatest increase in the ratio may be seen in prerenal azotemia, where ratios of 30/1 or 

35/1 may be observed. However, other conditions may also change the ratio, depending on the rate of 
urea synthesis, kidney blood flow, or glomerular filtration rate.  When evaluating SUN/creatinine ratios 
realize that SUN production is dependent on available protein (increased protein intake increases the 
ratio) and liver function (decreased liver function lowers the ratio).  

 
 The ratio is increased in conditions in which there is increased urea synthesis, as observed in the 

presence of blood in the G.I. tract, in muscle wasting disease, and in severe tissue trauma, all of which 
provide proteins that are catabolized into their constituent amino acids, which are then deaminated and 
converted into urea. Other conditions such as intraperitoneal extravasation of urine and urinary enteric 
fistulas lead to greater urea reabsorption. Increased tubular reabsorption of urea occurs with decreased 
tubular flow due to dehydration, decreased cardiac output, or shock, or due to renal disease, such as early 
acute glomerulonephritis, malignant nephrosclerosis, or postrenal obstruction. 

 
 Decreased ratios are seen in the presence of decreased urea synthesis (chronic glomerulonephritis with 

protein deficiency, severe hepatic insufficiency, and starvation) and decreased urea reabsorption 
(overhydration and rapid hydration). The decrease in ratio due to hemodialysis is caused by the more 
efficient dialysis of urea vs. creatinine.  
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RENAL FAILURE 
 
Acute renal failure occurs rapidly and is potentially reversible if the initial illness or insult is survived (60% 
survival rate). Chronic renal failure usually develops over years in an insidious manner leading to endstage 
renal failure requiring lifelong dialysis or renal transplant. 
 
 Azotemia (increase of urea or other NPN – compounds) is divided into 3 categories: 
 1. Prerenal azotemia is caused by a decrease in renal blood flow, e.g., due to decreased cardiac output. 
 2. Renal azotemia results from damage to the kidney. 
 3. Postrenal azotemia is due to obstruction of urine flow, e.g., by prostatic hypertrophy or tumor. 
 
I.    Laboratory Findings in Acute Pyelonephritis 
       (Acute infective tubulo-interstitial nephritis; acute pyogenic infection of the kidney) 
 
      Normal Laboratory Findings: 
      SUN 
      Serum creatinine 
      Serum SUN/creatinine ratio 
      Creatinine clearance 
 
     Abnormal Laboratory Findings: 
     Peripheral leukocytosis 
     Bacteria in the urine 
     White cells in the urine 
     White-cell casts in the urine 
     Few red cells in the urine 
 
II. Laboratory Findings in Nephrosis (Nephrotic Syndrome) 
 

(Complex condition that follows prolonged increase in glomerular permeability for proteins. It may follow 
various insults to the kidney, including heavy metal, parasites, infections, etc.) 
 
Normal Laboratory Findings: 
SUN 
Serum creatinine 
Serum SUN/creatinine ratio 
Creatinine clearance 
 
Abnormal Laboratory Findings: 
Low urine output  
Protein in the urine (may be > 3.5 g/day) 
Red and white cells in the urine 
Hyaline casts in the urine 
Oval fat bodies in the urine 
Oval fat-body casts in the urine 
Low serum albumin (1 – 2.5 g/dL) 
Elevated serum lipids (triglycerides, cholesterol, phospholipids, lipoproteins) 
Decreased serum albumin/globulin ratio 
Decreased serum globulins (e.g. serum ceruloplasmin, complement, transferrin) 

 
The loss of protein leads to a decrease in oncotic pressure, resulting in edema. The decreased oncotic pressure 
stimulates a compensatory increase in hepatic lipoprotein synthesis, and, thus, hyperlipidemia is often seen in 
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this condition. Increase in lipoproteins is also caused by loss of factors regulating lipoprotein synthesis. In the 
nephrotic syndrome there is a loss of a variety of proteins, such as transferrin, cortisol-binding globulin, and 
some coagulation factors. However, some coagulation factors are increased, e.g., Factor V and VIII, leading to 
thrombosis. 
   
Thyroxine-binding globulin may be decreased; accordingly, total T4 (thyroxine) may be decreased; 
thyroid function, however, is normal (normal free thyroxine).  Total globulin concentration may be 
normal, but α2- globulins are increased (alpha-2 macroglobulin and low-density lipoprotein), and γ-
globulins may be low (see serum protein section). Hence, serum protein electrophoresis typically 
demonstrates diminished albumin and elevated alpha-2 globulin fraction. 
 
III. Laboratory Findings in Acute Glomerulonephritis 
 
 (Acute diffuse inflammatory changes in the glomeruli with hematuria, RBC casts, mild proteinuria, and 

often hypertension, edema, and azotemia) 
 
 Abnormal Laboratory Findings: 
 
 Elevated SUN 
 Elevated serum creatinine 
 Elevated serum SUN/creatinine ratio (> 20: 1) 
 Decreased creatinine clearance 
 Elevated serum uric acid      
 Metabolic acidosis due to retention of phosphate, sulfate, amino acids, and other metabolic acids.  
 Red cells in the urine (microscopic hematuria; “smoky urine”; macroscopic hematuria, red urine) 
 Red-cell casts 
 Protein in the urine (mild) 
 
IV.   Laboratory Findings in Chronic Glomerulonephritis 
 
 (Slowly progressive glomerular disease. The syndrome is due to several diseases of different etiology.  

The disease is characterized by diffuse sclerosis of glomeruli, loss of nephrons, and loss of protein into the 
urine.) 

 
       Abnormal Laboratory Findings: 
 
 Elevated SUN (but may not be as much as in acute glomerulonephritis, due to loss of protein in the urine) 
 Elevated serum creatinine 
 Decreased serum SUN/creatinine ratio (< 10:1) 
 Decreased creatinine clearance 
 Elevated serum uric acid 
 Elevated serum potassium (secondary to potassium retention) 
 Elevated serum phosphate (secondary to phosphate retention) 
 Decreased serum calcium (secondary to loss of albumin into the urine and phosphate retention) 
 Metabolic acidosis (secondary to retention of hydrogen ion) 
 Elevated serum alkaline phosphatase (secondary to hypocalcemia stimulating secretion of parathyroid 

hormone) 
 Protein in the urine (massive) 
 Cylindruria (tubular casts in the urine) 
 Red cells in the urine (episodic) 
 Fixed low specific gravity of the urine (“isosthenuria,” 1.008 – 1.012) 
 Anemia of chronic disorders       
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Selectivity Ratio: 
 
 The ratio of the clearances of a high and a low molecular weight protein (IgG and albumin) may provide 

an indication of the nature of glomerular damage in glomerular proteinuria (selective vs. non-selective) 
 
 
     Selectivity ratio =  IgG clearance 
          Albumin clearance 
 
 High selectivity <0.15; e.g., minimal change glomerulonephritis  
 Poor selectivity >0.30; other than minimal change disease 
 The selectivity index is identical to the ratio, except that it is expressed in percent, (i.e., it is multiplied 

times 100). 
 
V.    Laboratory Findings for Differentiating Prerenal From Renal Failure 
 
 Prerenal failure Renal failure 
 
 Urine osmolality 

 
>500 mOsmol/kg 

 
<350 mOsmol/kg 

   
 Urine: plasma ratio of 
 urea-nitrogen  concentration 

 
>10:1 

 
<3:1 

   
 Urine: plasma ratio of 
 osmolality 

 
>1.5:1 

 
<1.1:1 

 
 Serum urea-nitrogen/creatinine ratio 

 
>20:1 

 
variable 
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CASE 1: 
 
An 87-year-old retired tailor appears in his physician’s office complaining of the slow onset of ankle and shin 
swelling, mild shortness of breath, and fatigue. Urinalysis performed in the office reveals marked proteinuria, 
and the patient is seen for further evaluation and work-up. The serum urea-N was 35 mg/dL, creatinine 3.8 
mg/dL, sodium 136, potassium 5.6, chloride 104, and bicarbonate 20 mmol/L. Total serum protein was 4.3 
g/dL with albumin 1.4 g/dL. 
 
 
1. Given a serum creatinine of 3.8 mg/dL, a urine creatinine concentration of 210 mg/dL and a 24 hour urine 

volume of 288 mL, calculate the creatinine clearance in this patient. 
2. Interpret the creatinine clearance you have obtained for this patient. 
3. What other blood/serum tests may be abnormal? 
4. What further studies should be performed on the urine of this patient? What type of casts may be present 

in urine? 
5. What is the differential diagnosis for this patient? 
6. Are the increased SUN and creatinine values typical for this disease? 
 
 
 
 
 
 
 
 

CASE 2: 
 
A 5-year-old girl develops swelling of her ankles and feet. Her anxious mother brings her daughter to the 
pediatrician. A urinalysis is performed revealing large amounts of protein. The girl is admitted in acutely ill 
condition to a local pediatric intensive care unit. Admission laboratory studies reveal: serum urea-N 15 mg/dL, 
creatinine 1.2 mg/dL, serum sodium 133, potassium 4.6, chloride 101, bicarbonate 23 mmol/L and calcium 7.4 
mg/dL. Her serum cholesterol is found to be 350 mg/dL. The urine contained hyaline, granular, and fatty casts. 
 
 
 
1. What is the probable diagnosis for this patient? 
2. Describe the probable gross appearance of this patient’s serum. 
3. What would you expect the patient’s serum albumin to be (high, normal, or low)? Which other serum 

proteins are likely to be abnormal? 
4. Describe the mechanism for hyperlipidemia in this patient. 
5. Explain the low serum calcium (7.4 mg/dL) found in this patient. 
6. Describe the serum electrophoresis pattern. 
7. What type of urinary sediments would you expect? 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Perform a urinalysis, including macroscopic examination, chemical examination, and 

microscopic examination 
 Discuss the causes of abnormally colored urine (brown-black, red, green to yellow-brown) 
 Discuss the causes of turbidity of urine 
 Discuss causes for ammoniacal, fruity, and acetone odors in urine 
 Discuss the reference ranges for urinary pH and specific gravity 
 Identify non-glucose reducing substances that may appear in urine 
 Know what substances will give a positive sulfosalicylic acid test 
 Identify causes of false negative glucose dipstick tests in urine 
 Identify causes of false negative heme dipstick tests in urine 
 Identify hyaline, leukocyte, erythrocyte, renal epithelial, granular, waxy, and fatty casts 
 Identify calcium oxalate, sodium urate, triple phosphates, ammonium biurates, amorphous 

phosphates, tyrosine, leucine, sulfonamides, and cystine crystals in urine and know at what 
urine pH (alkaline or acid) they occur 
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LABORATORY INSTRUCTIONS 
 
Students desiring to perform urinalysis on their own urines should collect their specimens into collection 
cups at the start of the laboratory session. 
 
Students should get out their microscopes. 
 
Instructors will then demonstrate urinalysis. 
 
Students will then perform urinalysis on their own urine samples (optional) and on the urine samples 
provided in the laboratory. 
 
 
Useful reference: Jennifer Benedict, M.D., School of Medicine Class of 2004. Independent Study Project.  
http://meded-portal.ucsd.edu/isp/2004/urinalysis 
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U R I N A L Y S I S 
 
Key Terms 
 
Amorphous crystals- The granular, noncrystalline precipitate of salts with no pathological importance. 
 
Bacteriuria- The presence of bacteria in urine. 
 
Bilirubinuria- The presence of bilirubin in urine. 
 
Crystalluria- The presence of crystals in urine. 
 
Cylindruria- The presence of casts in urine. 
 
Dipstick urinalysis- A chemical urine test using test strips for the detection of albumin, glucose, ketone 
bodies, bilirubin, hemoglobin, bacteria, leukocytes, and other chemical constituents. 
 
Glitter cells- Pale-staining, swollen, and degenerated neutrophils found in dilute urine, with cytoplasmic 
granules that exhibit a characteristic Brownian movement. 
 
Glycosuria- The presence of glucose in urine. 
 
Hyaline cast- A transparent cast composed of mucoprotein (Tamm-Horsfall protein). 
 
Hydrometer- An instrument used for determining the specific gravity of a fluid. 
 
Ketone body- Any compound containing the carbonyl group and having hydrocarbon groups attached to 
the carbonyl carbon. 
 
Microscopic urinalysis- A screening urine test requiring a wet unstained urine sediment examination. 
 
Nephritis- Inflammation of the kidney. 
 
Nephrosis- A disease of the kidney, yielding increased glomerular membrane permeability for proteins 
and resulting in protein loss.  
 
The routine urinalysis is carried out in three phases: macroscopic, chemical, and microscopic analysis. 
 
I. Macroscopic Examination: (Gross Examination) 
 
 A. Color: 
  1. Normal: various shades of yellow from pale straw, yellow, to amber 
  2. Significance: 
   a. Yellow shades – intensity of color usually related to concentration of specimen; yellow 

due mainly to urochrome, also to vitamin B6. 
   b. Red shades – erythrocytes, hemoglobin, porphyrins, drugs, foods (beets, red candy), 

myoglobin 
   c. Green to yellow-brown – suggests bilirubin 
    (If you shake the urine, white foam = little or no bilirubin; yellow-brown = possibility of 

bilirubin) 
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   d. Brown to black – old blood, hemosiderin, myoglobin, rhubarb, melanin, alkapton bodies, 

certain laxatives 
  3. Method of measurement: visual observation 
  
 B. Turbidity: 
  1. Normal: wide range depending on concentration and method of collection. Normal specimens 

may be clear, hazy or cloudy depending on the cause of the turbidity which can only be 
established by microscopic analysis. 

  2. Causes: 
   a. Heavy concentration of crystals 
   b. Erythrocytes 
   c. Bacterial infection or contamination 
   d. Contamination by vaginal secretions 
   e. Leukocytes 
  3. Method of measurement: visual observation 
 
 C. Odor: 
  1. Normal: aromatic 
  2. Causes: 
   a. Ammoniacal – bacterial breakdown of urea (e.g., by Proteus species); usually due to 

bacterial contamination in a specimen that is not fresh, but may be due to severe infection 
if found immediately after voiding. 

   b. Acetone (heavy, fruity sweetness) – ketosis 
   c. “Maple syrup” – hereditary maple syrup disease 
   d. Food odors (e.g., asparagus) 
 
II. Chemical Examination: 
 
 A. Specific gravity (Normal, 24-h: 1.010 – 1.025) 
  1. Urinometer (hydrometer) 
  2. Refractometer 
  3. Dipsticks 
 
 B. Hydrogen ion concentration (pH).  
  Maximum physiological range: 4.5 – 8.0; Reference range for 24-hour specimen: 5.0 – 7.0 
  1. pH papers 
  2. Dipsticks 
 
 C. Protein 
  1. Sulfosalicylic acid detects total proteins, some radio-opaque dyes, κ and λ light chains 
  2. Dipsticks (detect albumin only). Test is based on protein error of indicators. 
  3. Bence-Jones protein [kappa (κ) or lambda (λ) light chains]. Acid/heat precipitation at 56 °C. 

Immunofixation detects κ- and λ-chains. 
 
 D. Glucose 
  1. Clinitest tablets (detects reducing substances such as glucose, galactose, fructose, lactose, 

pentose, ascorbic acid, salicylates, homogentisic acid); (NOTE: sucrose is not a reducing sugar) 
  2. Dipsticks specifically detect glucose with glucose oxidase reaction; (NOTE: Reducing agents 

such as ascorbic acid can quench reaction giving a false negative result) 
 
 E. Ketone bodies 
  1. Dipsticks or reagent tablets (acetone, acetoacetate, NOT β-hydroxybutyrate) 
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 F. Heme proteins (Hemoglobin, occult blood; Myoglobin)  
  1. Guaiac test, modified 
  2. Dipsticks (NOTE: Reducing agents such as ascorbic acid can quench reaction giving a false 

negative result. Also, at urine pH below 6.0, red cells are not lysed, and a false negative test 
may result.) 

 
 G. Bilirubin (Direct or conjugated bilirubin)  
  1. Dipsticks or reagent tablets 
 
 H. Urobilinogen 
  1. Dipsticks 
 
 III. Microscopic Examination: 
 
 Place 10 mL of well-mixed urine into a conical test tube and centrifuge for 4 minutes. To avoid 

resuspension of sediment, do not apply brake at the end of centrifugation. The centrifuge tube is inverted 
quickly but with a smooth motion of the wrist, and the supernatant is allowed to drain off without 
dislodging the button of sediment. The tube is returned to an upright position, and the sediment is 
resuspended by gently tapping the bottom of the tube with the fingers. A drop of sediment is then 
transferred onto a clean glass slide and covered with a cover slip. 

 The slide is then placed on the stage of the microscope and scanned under reduced light (by lowering the 
condenser) with the low power objective, in order to detect the larger elements, i.e., casts, mucous 
threads, parasites, ova, foreign bodies, etc. After scanning the entire slide, the number of elements 
counted in at least 10 low power fields are averaged for the final value. Casts, if present, are also 
examined under the high power field to determine their types. 

 
The dry high power objective is then used to estimate the numbers of red cells, white cells, epithelial 
cells, bacteria, yeast, trichomonas, and crystals in 10 different fields, and an average count for each is 
recorded. 
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Urine Sediment 
 
Casts. “Imprints” of renal tubules; examine and count under LPF 
Cells (erythrocytes; leukocytes; squamous epithelial cells – urethra, vagina; transitional epithelial cells – 
bladder; renal tubular cells, etc.). Examine and count under HPF. 
Crystals 
Bacteria 
Yeast 
Artifacts (e.g., glass, dust, pollen, starch granules, hair, oil, plant fibers) 
 
Urine Casts 
 
Casts are found in the urine sediment. They are formed in two ways, by precipitation and gelling of proteins in 
tubular fluid, and by clumping of cells in tubules. Casts are molded in the lumen of the distal renal tubules or 
collecting ducts. The matrix of all casts is a specific mucoprotein common to all casts, namely Tamm-Horsfall 
protein. The classification of casts is based on appearance, physical properties, and type of cellular 
components. Cells within the matrix can degenerate into coarse and finely granular casts and to waxy casts. 
 
 
Types of urine casts. 
 
1. Hyaline casts. The casts consist only of Tamm-Horsfall protein. They are excreted by the normal kidney 

in small amounts. Excretion of numerous casts is seen in all renal diseases. 
 
2. White blood cell (leukocyte) casts. These casts are formed when WBC’s are incorporated into the protein 

matrix. They enter the urine stream by ameboid movement through and between tubular epithelial cells 
and sometimes they cross the glomerular capillary lumen. These casts are associated with diseases with 
leukocytic exudation and interstitial inflammation. Example: Pyelonephritis. 

 
3. Red cell (erythrocyte) casts. Presence of these casts indicates severe injury to the glomerular basement 

membrane. The reddish orange color is secondary to hemoglobin pigmentation. Erythrocytes (RBC’s) are 
biconcave disks packed in fibrin meshwork within the cast matrix. These casts are associated with acute 
glomerulonephritis (most common), lupus nephritis, Goodpasture’s Syndrome, and subacute bacterial 
endocarditis (SBE). 

 
4. Renal epithelial casts. These casts are due to constant desquamation and renewal of the renal epithelium. 

Their presence points to a pathological process occurring in the kidney and affecting the tubular portion 
of the nephron (tubular damage). Epithelial casts are associated with exposure to nephrotoxic agents and 
exposure to viruses. 

 
5. Granular casts. These casts are formed from breakdown products of cellular casts and immunoglobulins. 

There is a progression from coarsely granular to finely granular casts. 
 
6. Waxy casts. These are the result of progressive degenerative changes occurring in cellular casts and they 

are associated with severe chronic renal disease and amyloidosis. 
 
7. Fatty casts. These casts are due to leakage of lipoproteins through the glomerulus (seen in nephrotic 

syndrome, diabetes mellitus, and with damaged renal epithelial cells). 
 
8.     Mixed cell casts. 
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Urine Crystals 
 
          Some Commonly Seen Urinary Crystals: 
 

Crystal Appearance Urine pH 

Calcium oxalates “Envelopes” acid 
Sodium urates “Whetstones” acid 
Triple phosphates 
(magnesium ammonium phosphate) 

“Coffin lids” alkaline 

Ammonium biurates “Thorn apples” alkaline 
Amorphous phosphates Amorphous debris alkaline 
Tyrosine Needles in rosettes acid 
Leucine Spheres acid 
Sulfonamides Sheaves acid 
Cystine Hexagons acid 
 
 

Drug crystals (e.g., ampicillin needles, primidone hexagons) are formed from drugs that are present in 
relatively high concentrations and that are relatively insoluble in water at the urinary pH. 
 

SPECIAL URINE CHEMISTRY  
 

BIOCHEMISTRY OF URINALYSIS 
 
Hemoglobin and Myoglobin 
 
Both are heme-containing proteins and have peroxidase properties. Hence, they react with Hemastix and 
Labstix for “blood.”  (See “Detection of Occult Blood” for an explanation of the test).  The following methods 
are most common: 
 
 1. Ammonium sulfate precipitation tests (not sufficiently sensitive). 
 2. Spectrophotometric methods 
 3. Immunoassay methods 
 4. Ultrafiltration methods 
  Differentiation of myoglobin from hemoglobin is based on their different molecular weights.  

Myoglobin is a monomer of approximate MW 16,000; hemoglobin is a tetramer of MW 64,458. 
 5. Combinations of the above 
 
Myoglobinuria is seen in: 
 
 1. Crushing injuries 
 2. Electrocution 
 3. Clostridium welchii (C. perfringens) infections 
 4. Necrosis of muscle due to sustained pressure (rhabdomyolysis) 
 5. Strenuous exercise 
 6. Certain genetic defects 
 
Myoglobin, due to its low molecular weight, is readily excreted by the kidney and concentrated 
in the urine. Large amounts of myoglobin are toxic to the renal tubular cells. Thus, prolonged, 
severe myoglobinuria may lead to renal shutdown. However, hemoglobin itself is much less 
nephrotoxic. 
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Bilirubin 
 
 Urine is orange-green 
 Foam is brownish or brownish-green 
 Only water-soluble bilirubin, conjugated with glucuronic acid (direct-reacting) is excreted into the urine.  

Bilirubin is found in the urine in: 
 
 1. Obstruction of biliary system 
 2. Hepatocellular damage 
 
 Urinary bilirubin is important in early detection of jaundice and differential diagnosis of jaundice.  (See 

Laboratory Diagnosis of Liver Disease). 
 
 Note: Bilirubin is not found in urine in hemolytic disease, which leads to increase in unconjugated 

albumin-bound (indirect-reacting) bilirubin which is not excreted by the kidney. 
 
Urobilinogen 
 

It is formed by action of bacteria on conjugated bilirubin in the gut. Subsequently it is partially 
reabsorbed and excreted by the liver and kidney. 

 
 Increased in: 
  1. Hemolytic anemia 
  2. Early parenchymal liver disease 
 Decreased in: 
  Obstruction of extrahepatic bile ducts (particularly in carcinoma of head of pancreas).   
  If the stool is chalky white, as in complete obstruction, no urobilin (stercobilin) is present. 
 
Melanin 
 
 Brown urine; urine may darken on standing 
 Melanin and melanogen are excreted in urine of patients with metastatic melanomas 
 Melanogen is a precursor of melanin 
 
 Urinalysis: 
 Thormählen’s test: Melanogen reacts with ferric chloride to give a brown to black color. 
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Serotonin and 5-HIAA (5-Hydroxyindoleacetic Acid) 
 

 Serotonin is normally produced by the argentaffin cells of the intestines. It is largely carried in the blood 
by platelets.  Serotonin is metabolized to 5-HIAA which is excreted in the urine. 

 
 In carcinoid tumors (argentaffinomas), serotonin (and therefore 5-HIAA) is produced in excess. 

 
 Collect 24 h urine (acidified with HCl) 
 Request quantitative test for 5-HIAA 
 Normal excretion:  1-5 mg/d 

 Patients with carcinoid tumors excrete 40-350 mg of 5-HIAA/d 
 Drug interferences with test: Phenothiazines 

 Dietary interferences: Walnuts and bananas 
 
Alkaptonuria (Ochronosis) 
 
 A condition in which there is excretion of homogentisic acid in urine 
 
 Urinalysis: 
 1. The Clinitest tablet gives a positive result in presence of reducing substances. 
 2. The urine darkens on alkalinization and heating or standing. 
 
Hemosiderin 
 

 Found as free granules or in epithelial cells, macrophages and casts 
 Test: Prussian blue reaction on sediment 
 

 Found in: 
  Conditions of prolonged hemoglobinuria or myoglobinuria 
  Pernicious anemia, chronic hemolytic anemia, multiple transfusions, paroxysmal nocturnal 

hemoglobinuria, hemochromatosis 
 
 
Laboratory Diagnosis of Pheochromocytoma and Neuroblastoma 
 
Dopamine, epinephrine and norepinephrine (catecholamines) may be produced in large amounts by these 
tumors.  Epinephrine and norepinephrine are catabolized to their physiologically inactive 3-methoxy 
derivatives (metanephrines).  The metanephrines are further catabolized by monoamine oxidase (MAO) to 3-
methoxy-4-hydroxymandelic acid (vanillylmandelic acid, VMA), which is the major metabolite in 
pheochromocytoma. 
 

 % Metabolite 
VMA ~75% 
Metanephrine ~10% 
Catecholamines ~1% 

 
 Homovanillic acid (HVA) is the major metabolite in neuroblastoma. 
  
Because of derangements of these metabolic pathways in the tumors, these ratios of excretion may vary in 
patients afflicted with these tumors. 
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Laboratory Workup of Pheochromocytoma and Neuroblastoma 
 
1. Urinary VMA: Collect 24 hour urine in 15 mL of concentrated HCl. Normal values: 10-15 mg/d. More 

than 90% of all patients with pheochromocytoma have intermittent or continuous elevation of urinary 
VMA. 

 Dietary and drug restrictions are necessary for this test: No bananas, coffee, tea, many drugs 
including aspirin. Best approach is to keep the patient off any drugs while collecting urine 
for this test. 

 
2.    Total metanephrine assay: Collect 24 hour urine preserved with 15 mL of HCl. 
 Normal: Up to 1 mg/d. 
 98% of all patients with pheochromocytoma have elevated urinary metanephrines. However, elevations 

are also seen in severe stress, shock, sepsis, metastatic disease. 
 MAO inhibitors increase excretion of metanephrines. 
 
3. Plasma catecholamines, fractionation. 
 
4.     HVA in urine: suspected neuroblastoma. 
 
  In problem cases as well as in patients in whom neuroblastoma is suspected, request urinary   
        catecholamines, homovanillic acid (HVA) and/or dopamine determinations. 
 
Major Synthetic and Catabolic pathways of Epinephrine and Norepinephrine 
 

TH = TYROSINE HYDROXYLASE
AAD = AROMATIC-L-AMINO ACID DECARBOXYLASE
DBH = DOPAMINE-β-HYDROXYLASE
PNMT = PHENYLETHANOL AMINE-N-METHYL TRANSFERASE
COMT = CATECHOL-O-METHYL TRANSFERASE
MAO = MONOAMINE OXIDASE

NMN = NORMETANEPHRINE
MN = METANEPHRINE
DMA = 3, 4-DIHYDROXY-MANDELIC ALDEHYDE
DOMA = 3, 4-DIHYDROXY-MANDELIC ACID
DOPG = 3,4-DIHYDROXYPHENYLGLYCOL
VMA = 3-METHOXY-4-HYDROXY-MANDELIC ACID
    (VANILLYLMANDELIC ACID)
HMPG = 3-METHOXY-4-PHENYLGLYCOL
MHMA = 3-METHOXY-4-HYDROXY-MANDELIC ALDEHYDE
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DETECTION OF OCCULT BLOOD (HEME) 
 
Principle: 
 
The detection of blood in feces is an important diagnostic aid in establishing the occurrence of internal 
bleeding resulting from gastrointestinal malignant growths or from gastric and duodenal ulcers. Severe 
gastrointestinal bleeding (60-90 mL blood per day) is visually recognizable because “tarry” (black) stools are 
excreted and further microscopic examination of these stools reveals the presence of erythrocytes.  In those 
instances where much smaller quantities of blood are not visually or microscopically apparent, more sensitive 
techniques are required to detect this hidden, or so-called “occult,” blood. Because heme-containing substances 
possess peroxidase activity, this property can be used to detect the presence of occult blood in feces or urine. 
Colorless, aromatic substances (such as guaiacol, o-tolidine, di-orthoanisidine) are catalytically oxidized to 
blue chromogens by heme in the presence of H2O2 when the reaction is performed in an acid medium.  The 
sensitivity of the test is adjusted in such a way that a physiologic amount of blood loss will not give a positive 
reaction. 
 
The Hemocult® card is based on this chemistry: 
 
 
 heme  
 Colorless chromogen 2H + H2O2  Blue chromophore + 2H2O 
 
 
Guaiacol (o-methoxyphenol) is the usual substrate of choice. The same test may be used for occult blood in 
urine. 
 
To establish that occult blood in feces is due to gastrointestinal hemorrhages, other possible sources of blood 
from hemorrhoids, menstrual flow, ingested blood derived from the nose or mouth, and perianal bleeding must 
be excluded. In addition, ingested meat contains hemoglobin and myoglobin and the presence of heme in stool 
derived from these foodstuffs may give false positive tests for fecal occult blood. Thus, for best results patients 
should be placed on meat-free or low-meat diets for three days before evaluation for occult blood in their 
stools. Normally, up to 1.5 mL of blood may be lost daily in the stools. Drugs (such as salicylates, steroids, 
reserpine, indomethacin, colchicine, iron) often cause gastrointestinal blood loss, resulting in positive occult 
blood tests. Potent reducing agents such as ascorbic acid may quench the reaction (false negative). False 
positives may be seen following ingestion of horseradish (peroxidase). To reduce the number of false negative 
results, the test should be requested on several different occasions. 
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CASE 1: 
 
A 65-year-old man notes progressive swelling of his lower extremities as well as the onset of severe back pain. 
A urinalysis performed in his physician’s office gives the following results: 

 
 Appearance clear, light yellow 
 Specific gravity 1.030 
 pH 6.3 
 Glucose negative 
 Ketones negative 
 Bile negative 
 Protein negative to trace 
 Blood negative 
 WBC 0-1/HPF 
 RBC 0-1/HPF 
 Hyaline casts 0-1/LPF 
 

A sulfosalicylic acid test subsequently performed is 4+ positive. 
 
 
1. Interpret the positive sulfosalicylic acid test in view of the negative Labstix test for protein. 
 
2. What is the differential diagnosis? 
 
3. What additional tests should be performed? 
 
4.      Why is the specific gravity high? 
 
 
 
 
 

 
 
 
CASE 2: 
 
A 33-year-old diabetic woman is surprised to find that her Clinitest is 4+ positive, while a dipstick test is 
negative for glucose and for ketones. She is presently having a menstrual period and is also surprised to find 
that her blood-tinged urine is Labstix-negative for blood. 
 
Discuss possibilities for these observations. 
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Crystals and Casts in Urine 
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ELECTROLYTES  
 

AND  
 

ACID-BASE BALANCE 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Identify proper specimen collection for electrolyte analysis 
 Describe the effect of blood clotting on the serum potassium 
 Discuss the effect of refrigeration of whole blood on serum potassium concentrations 
 Describe the role of antidiuretic hormone and aldosterone in electrolyte balance 
 Describe the functioning of the renin-angiotensin system 
 Calculate the serum "anion gap" 
 Discuss causes of an increased "anion gap" 
 Discuss causes of a decreased "anion gap" 
 Calculate the serum osmolality from serum sodium, urea-nitrogen, and glucose 
 Calculate the "osmolal gap" 
 Discuss causes of an increased serum osmolality 
 Discuss causes of a decreased serum osmolality 
 Describe the application of the Henderson-Hasselbalch in maintenance of acid-base balance 
 Discuss renal compensatory mechanisms for elimination of hydrogen ion in respiratory 

acidosis and retention of hydrogen ion in respiratory alkalosis 
 Discuss pulmonary compensatory mechanisms operative in metabolic acidosis and 

metabolic alkalosis 
 Discuss the criteria for determining renal compensation in chronic respiratory acidosis and 

chronic respiratory alkalosis 
 Discuss the criteria for determining pulmonary compensation in metabolic acidosis and in 

metabolic alkalosis 
 Describe the major causes of increased and decreased serum bicarbonate 
 Describe the major causes of increased and decreased serum chloride 
 Desribe the major causes of increased and decreased serum sodium 
 Describe the major causes of increased and decreased serum potassium 
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ELECTROLYTES AND ACID/BASE BALANCE 
 

Key Terms 
 
Acidosis- A pathological condition resulting from accumulation of acid in the blood or loss of base from the 
blood. 
 
Aldosterone- A mineralocorticoid hormone secreted by the adrenal cortex that influences sodium and 
potassium metabolism; released through action of angiotensin II. 
 
Alkalosis- A pathological condition resulting from accumulation of base or loss of acid from the body. 
 
Angiotensin- A vasoconstrictive polypeptide produced by the enzymatic action of renin on angiotensinogen, 
forming angiotensin I.  Angiotensin converting enzyme from the lung removes two C-terminal amino acids 
from the inactive decapeptide angiotensin I to form the biologically active octapeptide angiotensin II. 
 
Antidiuretic hormone (ADH; vasopressin)  - A hormone produced by the hypothalamus and stored in the 
pituitary; causes water to be reabsorbed by the renal collecting ducts and ascending loop of Henle; release 
regulated by serum osmolality. 
 
Apnea- Cessation of breathing. 
 
Cirrhosis- Progressive disease of the liver characterized by damage to hepatic parenchymal cells. 
 
Diabetes insipidus- The chronic excretion of very large amounts of hyposmotic urine caused by inability to 
concentrate urine because of the lack of antidiuretic hormone (ADH) production, secretion, or effect.  Pituitary 
form is caused by inadequate ADH synthesis or secretion; nephrogenic form is caused by unresponsiveness of 
the renal tubules to ADH. 
 
Edema- An increase in the interstitial fluid volume. 
 
Henderson-Hasselbalch equation- Describes the relationship among pH, the pKa of a buffer system, and the 
ratio of the conjugate base to its corresponding weak acid. 
 
Hypercapnia- A condition of excess carbon dioxide in the blood. 
 
Hypochloremic alkalosis- A metabolic alkalosis resulting from increased blood bicarbonate secondary to loss 
of chloride from the body. 
 
Hypovolemia- An abnormally low blood volume. 
 
Hypoxia- A condition of low oxygen content in tissues. 
 
Juxtaglomerular cells- Smooth muscle cells that synthesize and store renin and release it in response to 
decreased renal perfusion pressure, increased sympathetic nerve stimulation of the kidneys, or decreased 
sodium concentration in fluid in the distal tubule. 
 
Metabolic acidosis- Pathological accumulation of acid or loss of base from the body. 
 
Metabolic alkalosis- Pathological accumulation of base or loss of acid in the body. 
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Polyuria- Excessive urine output (more than 1 to 2 L/day in the adult). 
 
Pseudohyperkalemia- Abnormally high plasma potassium concentration in the sample obtained from a 
patient in the absence of true elevation of plasma potassium concentration in that patient. 
 
Renin- An enzyme produced, stored, and secreted by the juxtaglomerular cells of the kidney, which acts on 
circulating angiotensinogen to form angiotensin I. 
 
Respiratory acidosis- Pathological retention of CO2 in the body caused by respiratory change. 
 
Respiratory alkalosis- Pathological decrease in CO2 caused by respiratory change. 
 
Syndrome of inappropriate antidiuretic hormone secretion (SIADH) – A grouping of findings, including 
hypotonicity of the plasma, hyponatremia, and hypertonicity of the urine with continued sodium excretion, that 
is produced by excessive ADH secretion and that improves with water restriction. 
 

SAMPLE COLLECTION FOR ELECTROLYTE ANALYSIS 
 
Plasma: Ammonium heparinate is the preferred anticoagulant. Do not use EDTA, citrate, oxalate or 

fluoride anticoagulants since these may elevate sodium or potassium if these salts are used; 
also, some bind Ca++ and Mg ++. 

 
Serum: Potassium values are slightly higher in serum (0.1 – 0.6 mmol/L) than in plasma because of 

release of potassium from platelets during clotting. Consequently spuriously high potassium 
values may be seen in severe thrombocythemia (3 million/μL). In this condition, plasma 
potassium rather than serum potassium should be used. 

 
Long storage of whole blood specimens results in release of potassium from leukocytes and erythrocytes. 
Refrigeration of the clotted sample will result in elevation of serum potassium and depression of serum sodium 
due to inhibition of the Na/K-ATPase pump. This process does not produce hemolysis. 
 

Hemolysis and plasma potassium values: 
 

For each 30 mg/dL increase of plasma hemoglobin, potassium rises 0.1 mmol/L due to release of K+ 
from erythrocytes: 

30 mg of hemoglobin/dL of plasma = barely pink 
60 mg of hemoglobin/dL of plasma = red 
90 mg of hemoglobin/dL of plasma = burgundy 

HORMONES IMPORTANT IN ELECTROLYTE AND ACID BASE BALANCE 

       1.  ADH (VASOPRESSIN) 
• Produced in hypothalamus, stored in pituitary 
• Causes water to be reabsorbed by collecting ducts and ascending loop 
• Release regulated by osmolality 
• Diabetes Insipidus-  

Hypothalamic/pituitary (lack of production/storage) 
Nephrogenic – kidneys do not respond to ADH  

2. Aldosterone 
• Promotes retention of Na+ and water and excretion of K+ and H+  
• Promotes retention of Na+ and Cl- from sweat gland 
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• Released by angiotensin II (Renin released due to decreased renal perfusion and hyponatremia) 
• Addison’s disease- destruction of adrenal cortex leading to deficit of aldosterone and cortisol 
• Conn’s syndrome (primary hyperaldosteronism) (bilateral hypertrophy of zona glomerulosa; adrenal 

adenoma; adrenal carcinoma) (high serum aldosterone leading to low serum renin) 
• Secondary hyperaldosteronism (hepatic cirrhosis, congestive heart failure, nephrosis) (high serum 

renin leading to high serum aldosterone) 
 
3. Renin-Angiotensin system 
 
Renin is an enzyme produced, stored, and secreted by the juxtaglomerular cells of the kidney in response to 
low sodium concentration and decreased renal perfusion.  Renin acts on angiotensinogen to produce the 
biologically inactive angiotensin I. Angiotensin-converting enzyme from the lung converts angiotensin I to the 
biologically active angiotensin II, which, in turn, stimulates the release of aldosterone. Aldosterone causes 
retention of sodium and water and excretion of potassium and hydrogen ion. 
 

 
ION COMPOSITION OF EXTRACELLULAR FLUID: “ANION GAP” 

 

 
Figure 1. “Gamble-Gram” shows that the intravascular concentrations of cations are balanced by 
anions. 
 

THE “ANION GAP” 
 
In clinical practice, only sodium, potassium, chloride, and bicarbonate are routinely measured in 
order to assess the electrolyte balance in the patient. This leaves approximately 7 mmol/L of 
“undetermined cations” (calcium, magnesium), as well as approximately 23 mmol/L of 
“undetermined anions” (phosphate, sulfate, organic acids, proteins – see Gamble-Gram). When 
only the cations sodium and potassium and the anions chloride and bicarbonate are balanced 
against each other, a difference in unmeasured ions, the so-called “anion gap” results, which 
normally ranges from 10-20 mmol/L (average ~16). “Gap” is a misnomer since there is always a 
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balance. The anion gap is simply a reflection of the difference in the number of “measured 
cations” and “measured anions”; and therefore also of “unmeasured cations” and “unmeasured 
anions”. 

(Na+ + K+) – (C1- + HCO3
-) = 16 (range: 10-20) 

 
  Using the values of the illustration (Gamble-Gram): 
 

(142 + 4) – (103 + 27) = 146 – 130 = 16 (range: 10-20) 
 
  Alternate formula: (Na+) – (Cl- + HCO3

-) 
    142 – (103 + 27) = 12 (range: 7-16) 
 
 
The anion gap is influenced by changes of the unmeasured ions. The most frequent change is an increase of 
the anion gap, indicating acidosis due to accumulation of acid metabolites (organic acids such as ketoacids; 
inorganic acids such as phosphoric acid, sulfuric acid) as in renal disease or uncontrolled diabetes. Less 
frequently a decrease of the anion gap is seen, which may be due to hypoproteinemia, the presence of a 
cationic paraprotein as in multiple myeloma, or an increase in calcium or magnesium (“undetermined 
cations”). 
 
Calcium, magnesium, phosphate, and protein are usually determined for reasons other than their role in 
electrolyte or acid base balance. 
 
MAJOR clinical causes of an increased anion gap: 
1. Ketoacidosis (diabetic, alcoholic, starvation) caused by acetoacetate and β-hydroxybutyrate. 
2. Renal failure (accumulation of organic acids, sulfuric acid, phosphoric acid) 
3. Lactic acidosis 
4. Treatment with substances that are unmeasured anions at physiological pH, e.g., citrate, lactate, 

carbenicillin, penicillin. 
5. Poisonings (all yield unmeasured anions): 
 a) aspirin, salicylic acid, and other organic acids; b) methanol (formic acid); c) ethylene glycol (glycolic 

and oxalic acids); d) paraldehyde (acetic acid) 
 
MAJOR clinical causes of a decreased anion gap: 
1. Hypoalbuminemia  
2. Hemodilution* 
3. Paraproteins increase unmeasured cations, due to positive charge 

 
*e.g. normal anion gap: (140 + 4) – (100 + 25) = 144 – 125 = 19; but with 20% dilution: 
(112 + 3.2) – (80 + 20) = 115.2 – 100 = 15.2 
 
 
SERUM OSMOLALITY 
 
Osmolality (not osmolarity) is the number of particles of solute (osmolutes) dissolved in a kilogram of water. 
It is measured in units of milliosmoles per kilogram of water. For a nondissociable, water-soluble compound 
(e.g., glucose, urea, ethanol), one “osmole” equals one mole, and one “milliosmole” equals one millimole.  In 
the case of a dissociable, water-soluble compound the number of particles yielded per mole must be 
considered, e.g., 1 mole of NaCl yields theoretically 2 moles of solute.  Actually in serum dissociation is 
incomplete, and the yield is 1.86 Osm/kg H2O. Thus: 
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 For glucose (MW 180): 
 
  1 osmol/Kg of water = 1 mole/Kg of water = 180 g/Kg of water ~ 180g/L of water = 18 g/dL  
 
  Thus, 1 mosmol/Kg = 18 mg/dL of glucose 
 
  RULE OF THUMB: for non-dissociable, water-soluble substance, MW/10 = mg/dL yielding 1 
  mosmol/Kg  
 
 For urea measured as urea-N (2 nitrogens per molecule of urea; AW of N =14; 2 N=28): 
 
 1 mosmol/Kg = 28/10 = 2.8 mg/dL 
 
 For ethanol (MW 46): 
 
1 mosmol/Kg = 46/10 = 4.6 mg/dL  
 
Serum osmolality may be calculated as follows based on measured values: 
 

2Na (mmol/L) + Glu/18 (mg/dL) + SUN/2.8 (mg/dL) = Calculated osmolality  
2(140) + 90/18 + 14/2.8 = 280 + 5 + 5 = 290 mOsm/kg 

   
Measurement of Osmolality 
 
This analysis is based on the measurement of the freezing point depression of water due to solutes in solution. 
Freezing point depression is linearly related to solute concentration. When one mole of any nonionic solute is 
dissolved in a kilogram of water, the freezing point is lowered by 1.858 °C. A mole of an electrolyte or ionic 
substance will lower the freezing point a multiple of this amount depending on how many ions are formed 
when the substance is dissolved. 
 
Reference Range: 275 – 298 mOsm/kg 
 
It must be emphasized that osmolality is usually measured on serum, not plasma, since anticoagulants 
such as EDTA, oxalate, fluoride, etc. contribute to osmolality (some as much as 155 mOsm/kg!). 
Heparinized plasma, however, can be used. 
 
Major Clinical Causes of Hyperosmolality: 
 Dehydration 
 Hyperglycemia/diabetic ketoacidosis 
 Diabetes insipidus (serum osmolality high, but urine osmolality low) 
 Uremia 
 Ethanol ingestion 
 Improper specimen collection (use of anticoagulants – this effect is enhanced in a partially filled tube) 
 
Major Clinical Causes of Hyposmolality: 
 Overhydration 
 Inappropriate antidiuretic hormone (ADH) secretion (SIADH) (serum osmolality low but urine  
          osmolality high) 
        Compulsive water drinking (psychogenic polydipsia) 
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Osmolal gap (reflects unmeasured osmotically active substances that are present) 
 
The difference between measured osmolality and calculated osmolality is called the osmolal gap. A high osmolal 
gap suggests either the presence of another compound (e.g., ethanol) whose identity should be sought, or elevation 
of endogenous constituents that may not have been measured (e.g., proteins, ketoacids). 

 
THE HENDERSON-HASSELBALCH EQUATION AND  
THE BICARBONATE/CARBONIC ACID BUFFER SYSTEM; 
DISTURBANCES OF ACID/BASE BALANCE 
 
The bicarbonate/carbonic acid buffer system is the most important buffer system in plasma for maintenance of 
physiological pH.  The Henderson-Hasselbalch (H-H) equation may be used to appreciate the concepts of 
respiratory and metabolic acidosis and alkalosis: 
                                                                                                

[base] [HCO¯3] [24 mmol/L]  

pH = pK’a + log 
[acid] 

 

= pK’a + log 
[H2CO3] 

 

= 6.1 + log 
[1.2 mmol/L] 

   
where [H2CO3] (in mmol/L) = (0.03 × pCO2), when pCO2 is expressed in mm Hg (0.03 x 40 = 1.2) 

  
  = 6.1 + log 20 = 6.1 + 1.3 = 7.4 

 
The H – H equation indicates that the ratio of HCO3

- / H2CO3 (which is normally 20/1) determines the blood 
pH.  Any change whether in the numerator (HCO3

-) or in the denominator (H2CO3) will cause a change in pH. 
 
In metabolic acidosis, the H+ reacts with the bicarbonate component of the buffer system to form carbonic 
acid, which forms CO2 + H2O.  The CO2 is removed by increased ventilation.  In this reaction, HCO3

- is lost 
("bicarbonate deficit"). 
 

       (Renal)   H+ + HCO¯3 → H2CO3 → CO2 ↑ + H2O  (Pulmonary) 
 
In metabolic alkalosis, the OH- reacts with the carbonic acid component of the buffer system to form HCO3

- 
("bicarbonate excess") 
 

           OH¯ + H2CO3 → HCO¯3   + H2O 
 
Compensatory Mechanisms (Renal):  (to eliminate hydrogen ion) 
 Sodium-hydrogen ion exchange (renal tubules) 
 Hydrogen phosphate formation 
 Bicarbonate reclamation (formation) 
 Ammonia production 
 
Compensatory Mechanisms (Pulmonary): 
 Hyperventilation  (to decrease pCO2) 
 Hypoventilation (to increase pCO2) 
 
 

)( 2CO  O2H  3CO2H -
3HCO H  (Renal)  : thatrecall Also Pulmonary↑+⇔⇔++
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Figure 2. Renal reclamation of bicarbonate 
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Figure 3. Renal excretion of acid, sodium/hydrogen ion exchange and formation of ammonia. 

 
 
 
Assessing Compensation (Renal and Pulmonary Mechanisms): 
 
(1) Respiratory acidosis (retention of carbon dioxide) 
 

a) Acute (no renal compensation) 
 

RULE: for every 10 mm increase in pCO2 above normal of 40 mm, there is 1 mmol/L increase in 
bicarbonate above the normal of 24 mmol/L (mass action) 
 

(Renal)   H+ + HCO¯3 → H2CO3 → CO2 ↑ + H2O (Pulmonary) 
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b) Chronic (renal compensation) 
 

RULE: for every 10 mm increase in pCO2 above normal of 40 mm, there is 3.5 mmol/L increase in 
bicarbonate above the normal of 24 mmol/L  

 
(Renal)   H+ + HCO¯3 → H2CO3 → CO2 ↑ + H2O (Pulmonary) 

 
              (via loss of hydrogen ion by increased sodium-hydrogen ion exchange, increased ammonia formation, 
               increased bicarbonate formation/reclamation, and increased hydrogen phosphate formation) 
 
(2) Metabolic acidosis (retention of hydrogen ion OR loss of bicarbonate) 
 

(Renal)   H+ + HCO¯3 → H2CO3 → CO2 ↑ + H2O (Pulmonary) 
 
       RULE: pulmonary compensation (via hyperventilation) has occurred if  
 
       pCO2 = (1.5 X bicarbonate) + 8 (+/- 2) 
 
       INTERRELATIONSHIPS:  Last 2 digits of pH = pCO2 (e.g., pCO2 = 28, pH = 7.28) AND 
       bicarbonate + 15 = last 2 digits of pH (e.g., bicarbonate = 15, pH = 7.30) 
 
(3) Respiratory alkalosis (loss of carbon dioxide) 
 

a)  Acute (no renal compensation) 
 

(Renal)   H+ + HCO¯3 → H2CO3 → CO2 ↑ + H2O (Pulmonary) 
 
            RULE: for every 10 mm decrease in pCO2  from normal of 40, there is a 2 mmol/L decrease in  
            bicarbonate from normal of 24 (mass action)  
 

b) Chronic (renal compensation) 
 

                 (Renal)   H+ + HCO¯3 → H2CO3 → CO2 ↑ + H2O (Pulmonary) 
 
             RULE:  for every 10 mm decrease in pCO2 from normal of 40, there is a 5 mmol/L decrease in 
             bicarbonate from normal of 24 
 
             (via retention of hydrogen ion by decreased sodium-hydrogen ion exchange, decreased 
             ammonia formation, decreased bicarbonate formation/reclamation, and decreased hydrogen 
             phosphate formation) 
 
(4) Metabolic alkalosis (retention of bicarbonate OR loss of hydrogen ion) 
 

RULE: pulmonary compensation (via hypoventilation) has occurred if, for every 10 mmol/L increase in 
bicarbonate (above normal of 24), there is an increase of 6 mm in pCO2 above normal of 40 AND if 
bicarbonate + 15 = last 2 digits of pH (e.g. if bicarbonate = 35, pH = 7.50) 
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Figure 4.  Acid-base map.   

Area of normal values is labeled N.  Map actually extends further up than 
shown (to a pH of 6.6) and further to right than shown (to a pCO2 of 180 
mm Hg).  Numbered lines represent isopleths for bicarbonate (in 
milliequivalents per liter). 
 
 
 
Reproduced from: 
 
Martin Goldberg, MD; Sylvan B Green; Morton L. Moss, MD.; Carl B. 
Marbach, MS; and David Garfinkel, PhD. 
Computer-based instruction and diagnosis of acid base disorders:  A 
systematic approach.  JAMA, The Journal of the American Medical 
Association, January 15, 1973, p. 270. 
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  Figure 5.  The Siggaard-Anderson alignment nomogram for the calculation of acid-base parameters. 
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TABLE 1.  CLASSIFICATION AND CHARACTERISTICS 
    OF SIMPLE ACID-BASE DISORDERS 

 
 

 Primary 
Change 

Compensatory 
Response 

 
Expected Compensation 

METABOLIC 
 
 Acidosis 

 
 
↓↓↓ cHCO3

- 

 
 
↓↓pCO2 

 
 
pCO2 = 1.5 (cHCO3

-) + 8±2 
pCO2 falls by 1-1.3 mm Hg for  

   each mmol/L fall in cHCO3
- 

Last 2 digits of pH = pCO2 (e.g.,  
   if  pCO2 = 28, pH = 7.28) 
cHCO3

- + 15 = last 2 digits of pH 
cHCO3

- = 15, pH = 7.30 
 
 Alkalosis 

 
↑↑↑ cHCO3

- 
 
↑↑ pCO2 

 
pCO2 increases 6 mm Hg for  
   each 10 mmol/L rise in cHCO3

- 
cHCO3

- + 15 = last 2 digits 
   of pH (cHCO3

- = 35, pH = 7.50) 
RESPIRATORY 
 

   

 Acidosis 
 

   

  Acute ↑↑↑ pCO2 ↑ cHCO3
- cHCO3

- increases by 1 mmol/L 
   for each 10 mm Hg rise in pCO2 

  Chronic ↑↑↑ pCO2 ↑↑ cHCO3
- cHCO3

- increases by 3.5 mmol/L 
   for each 10 mm Hg rise in pCO2 

 Alkalosis    

  Acute ↓↓↓ pCO2 ↓ cHCO3
- cHCO3

- falls by 2 mmol/L for 
   each 10 mm Hg fall in pCO2 

  Chronic ↓↓↓ pCO2 ↓↓ cHCO3
- cHCO3

- falls by 5 mmol/L for 
   each 10 mm Hg fall in Pco2 

 
Modified from Narins RG and Gardner LB:  Simple acid-base disturbances.  Med. Clin. North Am. 65:321-
346, 1981 [Tietz Textbook of Clinical Chemistry, 3rd edition, Table 32-4, pg. 1115]. 
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BICARBONATE 
 
Reference values: 22-28 mmol/L 
Newborns: 19-23 mmol/L, adult level reached by 2-6 months 
 

A. Increased plasma bicarbonate: 
 
Respiratory acidosis 
Causes: 
 Prolonged hypoventilation (CO2 retention, increased H2CO3, decreased pH) 
 Central nervous system depression (e.g., opiate usage) 
 Pulmonary disease (e.g., emphysema, fibrosis, pulmonary obstruction) 
 Cardiac disease 
Compensatory mechanisms: (to lose hydrogen ion) 
 Hemoglobin and protein buffer systems 
 ↑Na+ - H+ exchange 
 ↑H2PO4

-
 formation 

 ↑HCO3
- reclamation 

 ↑NH3 production 
Laboratory Findings: 
 Plasma pCO2 ↑, pH ↓ 
 After compensation HCO3

- ↑, tCO2↑ 
 Urine pH ↓ 
 
Metabolic alkalosis 
Causes: 
 Loss of acid from stomach (pyloric or high intestinal obstruction) (loss of hydrogen ion, causing  
           increased HCO-

3) 
 Excessive drainage of stomach (iatrogenic) (loss of hydrogen ion, causing increased HCO-

3) 
 Cushing’s syndrome (hyperadrenalism) (loss of KCl and hydrogen ion, causing increased HCO-

3) 
 Excessive ACTH or cortisone (KCl and hydrogen ion are lost in excess in urine, causing increased  
            HCO-

3) 
 Use of diuretics (loss of potassium and hydrogen ion in urine, causing increased HCO -3) 
Compensatory mechanisms: (to retain hydrogen ion) 
 HCO3

- /H2CO3 buffer system 
 Hypoventilation 
 ↓ Na+ - H+ exchange 
 ↓ NH3 production 
         ↓ HCO3

- reclamation 
         ↓H2PO4 formation 
Laboratory Findings: 
 HCO3

-↑; tCO2↑; pH↑ 
 After compensation: pCO2↑; pH ↑ 
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B. Decreased plasma bicarbonate: 
 
Respiratory alkalosis 
Causes: Increased rate and depth of respiration (fever, high external temperatures, hysteria, anoxia; an early 

phase of salicylate poisoning) 
Compensatory mechanisms: (to retain hydrogen ion) 
 ↓ NH3 production  
 ↓ Na+ - H+ exchange  
 ↓ HCO3

- reclamation 
        ↓ H2PO4 formation 
Laboratory Findings: 
 pCO2 ↓; pH ↑ 
 After compensation: HCO3

-
 ↓, tCO2 ↓, pH ↑ 

 
Metabolic acidosis 
Causes: Overproduction of acids (diabetes, lactic acidosis) 
  Reduced H+ excretion (renal failure, renal tubular acidosis, decreased Na+ - H+ exchange)  
  Excessive loss of base (diarrhea, GI fistula) 
Compensatory mechanisms: (to lose hydrogen ion) 
  HCO3

-/H2CO3
 buffer system 

  Hyperventilation 
  ↑ Na+ - H+ exchange  
  ↑ H2PO4

- formation 
  ↑ NH3 production 
  ↑ HCO3

- reclamation  
Laboratory findings: 
  HCO3

- ↓, tCO2 ↓, pH ↓ 
    After compensation: pCO2 ↓, pH ↓ 
 
CHLORIDE 
 
Reference values: Serum 97- 107 mmol/L 
Erythrocytes: 52 mmol/L (thus, hemolysis lowers serum chloride) 
 

A. Hyperchloremia: 
 Dehydration 
 Hyperchloremic acidosis (loss of HCO3

- due to diarrhea or renal tubular acidosis with compensatory 
           increase in chloride) 

Stimulation of respiratory center (drugs, hysteria, anxiety, fever, hyperventilation) causing loss of CO2  and  
  decrease in HCO¯3, with compensatory increase in chloride 

 High altitudes (small effect which is due to hyperventilation), causing loss of CO2  and decrease in  
           HCO-

3, with compensatory increase in chloride 
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B. Hypochloremia: 
 Overhydration 
 Hypoventilation (CO2 retention), with increased CO2  and HCO-3 and compensatory decrease in chloride 
 Depression of central nervous system (CO2 retention), with increased CO2  and HCO-

3 and compensatory  
          decrease in chloride 
 Pulmonary disease (CO2 retention), with increased CO2  and HCO-

3 and compensatory  
          decrease in chloride 
 Chronic renal disease 
 Diabetic ketosis 
 Adrenal insufficiency (Cl- lost from kidney together with Na+) 
 Hyperfunction of adrenal cortex (Cl- lost from kidney with K+) 
 Overdosage with ACTH and cortisone (hypochloremic alkalosis) with loss of potassium and hydrogen  
           ion, causing increase in HCO-

3 and compensatory decrease in chloride 
 Metabolic alkalosis (increased HCO-

3 with compensatory decrease in chloride) 
 Vomiting (loss of hydrogen ion, causing increased HCO-

3 and compensatory decrease in chloride); also 
           loss of chloride in gastric fluid 
 Fistulas of GI tract (gastric) (loss of hydrogen ion, causing increased HCO-

3 and compensatory decrease  
            in chloride); also loss of chloride in gastric fluid  
 
Note:  The compensatory increase/decrease in chloride “offsets” the corresponding changes in  
            bicarbonate, thereby preserving electroneutrality 
 
SODIUM 
 
Reference values     Serum: 135 – 145 mmol/L 
                    Erythrocytes: 16 mmol/L (thus, hemolysis lowers serum sodium by dilution) 
 
A. Hypernatremia: 
 Dehydration 
 Diarrhea (water loss) 
 Hyperadrenalism (Cushing’s syndrome) 
 Aldosteronism 
 
B-1. Hyponatremia: 
 Overhydration 
 Diarrhea (sodium loss) 
 Intestinal fistula 
 Addison’s disease (Hypoadrenalism) 
 Renal disease, tubular dysfunction 
 Salt losing nephritis 
 Uncontrolled diabetes (cations lost with keto-acids in urine) 

 Dilutional hyponatremia associated with hyperglycemia (osmotic effect). For each 100 mg/dL glucose  
        over normal, sodium is lowered 1.6 mmol/L. 

 Prolonged use of potassium-sparing diuretics (e.g., spironolactone) 
 Inappropriate antidiuretic hormone secretion (SIADH) 
 
B-2. Hyponatremia with increased total body sodium: 
 Renal insufficiency 
 Congestive heart failure 
 Hepatic cirrhosis with ascites  
 Nephrotic syndrome  
 Protein deficiency 

  
 
(water retention, edema) 
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POTASSIUM 
 
Reference values: 
 Serum:  3.5-5.0 mmol/L 
 Erythrocytes:  125 mmol/L (thus, hemolysis increases serum potassium) 
 

A.Hyperkalemia: 
 Tissue damage or impairment of renal clearance of K+ 
 Shock 
 Uncontrolled diabetes mellitus (tissue breakdown, utilization of protein for calories) 
 Dehydration 
 Adrenal cortical insufficiency (Addison’s disease) 
 

B.Hypokalemia: 
 Poor food intake 
 Prolonged intravenous glucose or NaCl (without K+) 
 Vomiting 
 GI fistulas (mostly intestinal) 
 Diarrhea 
 Large intestinal adenomas (mucus-producing) 
 Aldosteronism/ Hyperadrenalism 
 Overdosage with ACTH and cortisone 
 Familial periodic paralysis (intracellular K+ high) 
 Diuretic abuse/ Laxative abuse 
 



 

 114

CASE 1: 
 
A febrile 84-year-old woman is brought from a nursing home to the Emergency Department of a local hospital. 
She is severely cachectic, confused, has sagging skin folds, and extremely dry skin. Admission chemistry tests 
are: serum sodium 168 mmol/L, serum potassium 6.2 mmol/L, chloride 130 mmol/L, and HCO3

-
 26 mmol/L. 

The serum osmolality is found to be 350 mOsm/kg of water. A urea nitrogen drawn at admission is 38 mg/dL 
and the patient’s hematocrit is 58%. 
 
1. Explain the elevated serum sodium and the elevated serum osmolality. 
2. Explain the elevated urea-N. 
3. What other laboratory studies are indicated? 
4. Explain the high hematocrit in this patient. 
5. Propose possible reasons for this patient’s abnormal laboratory data. 
 
 

CASE 2: 
 
A 25-year-old woman with a history of surgical removal of an adenoma of the pituitary returns to her internist 
complaining of unquenchable thirst, and excretion of voluminous amounts of urine daily. Laboratory studies 
drawn in the physician’s office reveal the following: serum sodium 160, potassium 4.8, chloride 125 and 
HCO3

-
  24 mmol/L. The patient’s serum osmolality is found to be 335 mOsm/kg of water. 

 
1. What further laboratory studies are indicated? 
2. What is the most likely diagnosis? 
 
 

CASE 3: 
 
A 40-year-old male presents to the Emergency Department confused and with the odor of alcohol on his 
breath. Chemistry tests performed at the time of admission show the following: serum sodium 137, potassium 
4.2, chloride 100, and HCO3

-
 26 mmol/L. The urea-N was 14 mg/dL and glucose was 90 mg/dL. The serum 

osmolality, however, is 360 mOsm/kg of water. 
 
1. Propose a reason for the patient’s elevated serum osmolality. 
2. How would you test your hypothesis? 
3. Discuss reasons for serum hyperosmolality in the Emergency Department patient. 
4. Calculate the osmolality based on the above data. 
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CASE 4: 
 
A 14-year-old boy who had never been immunized against poliomyelitis contracted the disease late in the 
summer. He was hospitalized and required the use of a respirator during the acute phase of his illness. When he 
appeared to be recovering, he was taken off the respirator with no apparent ill effects. Several days later an 
analysis of his blood revealed the following: 
 

ABG: pH  = 7.32 pCO2 = 70 mm Hg 
 pO2 = 52 mm Hg HCO3

- = 35 mmol/L 
Serum Na+ = 136 mmol/L K+ = 4.5 mmol/L 
Electrolytes: Cl- = 92 mmol/L total CO2 = 36 mmol/L 

 
 
 
1. What is the nature and cause of the acid-base disturbance in this boy? What are other causes of this type of 

acid-base disorder? 
2. What are the normal compensatory mechanisms in response to this acid-base disturbance? 
3. Is there evidence that these compensatory mechanisms are operative in this case? 
4. Differentiate compensatory responses in acute and chronic respiratory abnormalities of acid-base 

metabolism. 
5. What is included in the measurement of total CO2 in serum? 
6. Bicarbonate is generally included in the test panel: pH/blood gases. How is the bicarbonate value 

determined and what is its relationship to total CO2 in serum? 
7. Why is serum chloride decreased? 
 
 

CASE 5: 
 
An 8-year-old girl was brought to the hospital with a 4-day history of profuse diarrhea. She was listless and 
responded rather incoherently to questions. Her skin turgor was poor for a child her age, and her eyes were soft 
and sunken. Pulse was 114 beats/minute with a BP of 98/66 mm Hg. Respirations were deep and at a rate of 
26/minute. Hematocrit was 58%. Lungs were clear, and the abdomen was soft without evidence of significant 
local tenderness. The following laboratory data were obtained: 
 

ABG: pH  = 7.13 pCO2 = 18 mm Hg 
 pO2 = 96 mm Hg HCO3

- = 6 mmol/L 
Serum Na+ = 133 mmol/L K+ = 3.1 mmol/L 
Electrolytes: Cl- = 115 mmol/L total CO2 = 7 mmol/L 

 
 
1. What is the nature and etiology of the acid-base disorder in this patient? 
2. Is there evidence for and expected degree of compensation for this disorder? 
3. Explain the low serum potassium. 
4. Is there evidence for abnormalities of electrolyte fluid balance? If so, how might such a disturbance 

impact serum potassium? 
5. Is serum K+ a good indicator of total body K+ for patients with acid-base abnormalities? 
6. What are the causes of the high pulse rate, low blood pressure, and high respiratory rate? 
7.    Why is the serum chloride increased? 
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CASE 6: 
 
A 21-year-old woman with an eight-year history of Type 1 diabetes was brought to the hospital in a coma. She 
had required 92 units of insulin daily to maintain her blood glucose concentration in an acceptable range and 
prevent excessive glucosuria. On admission she had a BP of 92/20 mm Hg, a pulse of 122 beats/min, and deep 
respirations of 32/min. Lab data showed: 
 

ABG: pH  = 7.10 pCO2 = 15 mm Hg 
 pO2 = 90 mm Hg HCO3

- = 4 mmol/L 
     
Serum Na+ = 129 mmol/L K+ = 6.4 mmol/L 
chemistry Cl- = 95 mmol/L total CO2 = 5 mmol/L 
values: glucose = 1200 mg/dL urea nitrogen = 74 mg/dL 
 creatinine = 2.3 mg/dL   

 
 
The serum was strongly positive for ketones. 
 
 
Eight units of regular insulin were given IV and 8 units/h were given by IV infusion pump. Her serum glucose 
concentration fell at a rate of approximately 100 mg/dL each hour. In seven hours her ventilation and blood pH 
were normal following IV injection of NaHCO3 and vigorous fluid and electrolyte replacement. 
 
 
1. What is the nature and etiology of the acid-base disturbance? 
2. Is there indication for a normal compensatory response? 
3. What are serum ketones (ketone bodies)? How are they frequently detected? 
4. Explain the abnormal serum potassium result. 
5. Explain the low serum sodium result. 
6. What is the cause of the low BP upon admission? How does the low BP affect GFR (glomerular filtration 

rate)? 
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 118

OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 

 Discuss the process for measurement of basal gastric acid output, peak gastric acid output, 
and maximum gastric acid output 

 Describe differerences in gastric acid output between younger and older people, men and 
women, patients with duodenal ulcer and normal people, patients with gastric ulcer and 
normal people, patients with jejunal ulcer and normal people, and patients with gastric 
carcinoma and normal people 

 Describe conditions in which achlorhydria is found 
 Discuss causes of increased and decreased serum gastrin concentrations 
 Discuss the laboratory workup of suspected Helicobacter pylori infection (biopsy, 13Cbreath 

test, IgG antibody) 
 Discuss the causes of general malabsorption/maldigestion 
 Describe specific malabsorption/maldigestion defects 
 Describe common biochemical abnormalities seen in malabsorption 
 Discuss the use of the D-xylose absorption test in the workup of malabsorption 
 Discuss the use of the disaccharidase test in the workup of malabsorption 
 Discuss the use of the breath hydrogen test in the workup of malabsorption 
 Discuss the use of the fecal fat measurement in the workup of malabsorption 
 Discuss the use of the 14C breath test in the workup of malabsorption 
 Describe the use of endomysial antibody in the laboratory workup of suspected celiac 

disease 
 Describe the Schilling test for the laboratory workup of suspected pernicious anemia 
 Describe the sweat test for the laboratory workup of suspected cystic fibrosis 
 Discuss the signs and symptoms of extreme malabsorption  
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LABORATORY TESTS OF GASTRIC FUNCTION 
 
KEY TERMS 
 
Achlorhydria- Literally “without hydrochloric acid.” Refers to lack of acid production by the stomach. 
 
Breath tests- Tests that detect abnormalities of CO2 and H2 elimination in the breath due to abnormalities of 
digestion, absorption, or bacterial overgrowth. 
 
Celiac disease (Gluten-Sensitive Enteropathy)- A disease caused by the destructive interaction of gluten 
with intestinal mucosa, causing malabsorption. 
 
Chyme- The semifluid, homogenous, creamy or gruel-like material produced by gastric digestion of food; also 
called chymus. 
 
Crohn’s disease- A chronic inflammatory disease affecting any part of the gastrointestinal tract from the 
mouth to the anus. 
 
Cystic Fibrosis - A genetic disorder affecting many types of exocrine glands, particularly the sweat glands 
(the sodium and chloride content of sweat being elevated) but also glands in the lung and pancreas. 
 
Dumping syndrome- Condition in which, after gastric surgery, hyperosmolar chyme is “dumped” into the 
small intestine, causing rapid hypovolemia and hemoconcentration. 
 
Fecal “occult” blood - The presence of blood in the feces in concentrations in excess of 2 mL per day, 
suggesting the possibility of malignant or premalignant lesions in the colon. 
 
Gluten- A protein found in wheat and wheat products. 
 
Helicobacter pylori- A bacterium found in the mucous layer of the stomach that has been implicated in the 
development of duodenal and gastric ulcers. 
 
Malabsorption- An abnormality of the small intestine that causes a disorder of the absorptive process. 
 
Maldigestion- An abnormality of the digestive process due to dysfunction of the pancreas or small intestine. 
 
Postgastrectomy syndrome- A syndrome that occurs after surgery for peptic ulcer disease and includes the 
dumping syndrome, diarrhea, maldigestion, weight loss, anemia, bone disease, and gastric cancer. 
 
Steatorrhea- A condition of excessive fat in feces (>7 g/day). 
 
Ulcerative colitis- A recurrent inflammatory disease of the large bowel that is also known as inflammatory 
bowel disease. 
 
Zollinger-Ellison (Z-E) syndrome-  A condition resulting from a gastrin-secreting tumor (gastrinoma) of the 
pancreatic islet cells that results in an overproduction of gastric acid, leading to fulminant ulceration of the 
esophagus, stomach, duodenum, and jejunum. 
 
 
The tests of gastric function are based on the measurement of the amount of HCl produced by the 
stomach under basal (resting) and fasting conditions and without exposure to visual, auditory or 
olfactory stimuli. This is followed by testing after maximal stimulation. 
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The measurement of pepsin activity or pepsinogen I concentration of the gastric juice is possible, but their 
production so closely parallels the secretion of acid that testing for pepsin activity does not add significant 
clinical information about the function of the stomach. 
 
The standard methods now in use are as follows: 
 
1.     Basal gastric secretion: 
 One hour morning aspiration 
 Following a 12 hour overnight fast, the patient is intubated under fluoroscopic guidance and the 
 residual gastric secretion is aspirated with a syringe with the patient leaning slightly to the right. 
 The four 15 minute samples are taken and segregated in separate containers. 
 Sudden pH changes would suggest regurgitation of intestinal contents. 
2.    Pentagastrin stimulation test: 
 Pentagastrin is a synthetic pentapeptide containing the four C-terminal amino acids of gastrin coupled to 

alanine. It has biologic activity similar to gastrin, stimulating HCl and pepsin secretion. 
 
 After completion of the basal secretion collection, pentagastrin (Peptavlon, Ayerst) is injected 

subcutaneously (4 μg/kg). The peak acid output (PAO) is determined by collecting 6 serial 15 minute 
specimens and calculating the acid output on the basis of the two highest specimens. The maximum acid 
output (MAO) is determined on the basis of four successive 15 minute specimens. 

 
 
 
Gastric Acid: 
 Young people > old people 
 Men > women 
 Duodenal ulcer > controls 
 Gastric ulcer < controls 
 Gastric carcinoma < controls 
         Jejunal ulcer > controls 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 16-2, BASAL AND MAXIMAL ACID OUTPUT IN 
VARIOUS CONDITIONS* 

ACID OUTPUT 
(mEq./hour) 

CONDITIONS SEX NUMBER 
OF 
PATIENTS Basal Maximal 

 
Controls Male 

Female 
35 
26 

4.2 
1.8 

22.6 
15.2 
 

Medical students Male 
Female 

145 
16 

5.3 
3.3 

26.7 
21.4 
 

Duodenal ulcer Male 
Female 

256 
64 

7.1 
4.2 

35.2 
25.7 
 

Gastric ulcer Male 
Female 

117 
43 

2.9 
1.6 

19.6 
13.1 
 

Gastric 
carcinoma 

Male 
Female 

74 
32 

1.3 
0.7 

6.7 
3.0 
 

Jejunal ulcer Male† 
Female 
Male‡ 

10 
4 
4 

7.9 
5.5 
9.1 

25.1 
16.4 
36.1 
 

*From Marks, I.N., et al: S. Afr. J. Surg. 1:53, 1963. 
† Following partial gastrectomy with gastrojejunostomy. 
‡ Following gastroenterostomy alone.  
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Laboratory examination: 
 
The volume of each sample is measured, a few drops of a pH indicator dye are added, and the pH is titrated to 
neutrality with 0.1 mol/L NaOH. The millimoles of acid are calculated per 15 minute sample and recorded. 
The total acid output for the basal and augmented test hours is calculated and reported. 
 
Clinical interpretation: 
 
Achlorhydria (anacidity) after stimulation is seen in all cases of pernicious anemia, and in some patients with 
advanced carcinoma of the stomach. It may also be seen in a variety of other conditions, such as hypochromic 
anemia, aplastic anemia, hypothyroidism, nutritional megaloblastic anemia and in relatives of patients with 
pernicious anemia. 
 
Low values are found in gastric carcinoma, benign gastric ulcers, in females and in aging persons. 
 
Hyperacidity is seen in duodenal ulcer, but there is considerable overlap with the normal range.  
 
Gastrin is produced by the antral G cells of the stomach and stimulates HCl secretion by the parietal cells of 
the  stomach. The Zollinger-Ellison (Z-E) syndrome  is caused by a non-beta islet cell gastrin-secreting tumor 
of the pancreas. In this condition there is also a high ratio of basal/maximal acid output. 
 

Serum Gastrin Concentrations in Various Disorders 
 
     Disorder   Gastric acid secretion 
 
    Zollinger-Ellison syndrome   greatly ↑ 
    Hypersecretion of gastrin by antral G-cells  greatly ↑ 
    Pernicious anemia    ↓ 
    Post vagotomy     ↓ 
    Chronic renal failure    variable 
 
Helicobacter Pylori: 
 
Helicobacter pylori has been implicated in many gastrointestinal diseases including duodenal and gastric ulcer, 
gastritis, and possibly gastric cancer. In asymptomatic individuals colonization by Helicobacter pylori 
increases with age up to 50% in the elderly. 
 
 Diagnostic tests 
 
 1. Biopsy 
 
  A. Culture 
 

B. Detection of urease enzyme activity by placing the biopsy specimen on urea substrate and 
monitoring change in pH. 

 
2. 13C-breath test 

 
  H. pylori is a bacterium that is capable of living in the low pH environment of the stomach; as part 

of its adaptation to this hostile environment, it produces high levels of urease (which can help raise 
the local pH). Based on urease production by H. pylori, a patient ingests a 13C-labeled urea, and the 
breath of the patient is monitored for the appearance of 13C-labeled CO2. Within minutes after 
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ingesting the labeled urea, the 13C to 12C ratio of respiratory CO2 starts to increase, reflecting the 
addition of the 13CO2 from the labeled urea. The maximum ratio of 13C to 12C peaks at 1.5 hours and 
then decreases to baseline. Using the 13C methodology, a detection of H. pylori infection is 
determined with a clinical sensitivity of 94% and a specificity of 94.7%. 

 
3.   Immunoassay for IgG antibody 

 
  There is a strong correlation between serum antibody and the presence of Helicobacter pylori in 

culture material obtained by biopsy. However, the test may remain positive for several years, even 
after successful treatment. 
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Sample of Gastric Analysis Results 
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MALABSORPTION / MALDIGESTION 
 
 
A variety of diseases causes a disturbance in digestion and absorption. 
 
Maldigestion: Dysfunction of the digestive process that can occur in a number of sites in the gastrointestinal 
tract. 
 
Malabsorption: Dysfunction of the absorptive process by the gut caused by gluten, inflammation, infection, 
surgical resection, vitamin deficiency and other factors. 
 
Both conditions lead to one common syndrome called malabsorption. Thus, the diagnostic process is designed 
to: 
 
 1. Demonstrate the presence of malabsorption 
 2. Identify the type of disease process 
 
All major phases of absorption may simultaneously be affected, i.e., fats, proteins, carbohydrates, vitamins, 
minerals, etc. This syndrome, called general malabsorption, is characterized by amylorrhea (excess starch), 
steatorrhea (excess fat), and creatorrhea (meat fibers, protein). 
 
General Malabsorption/ Maldigestion 
 
In this syndrome all major phases of absorption may be involved. This syndrome may be due to: 
 
 1. Pancreatic disease such as chronic pancreatitis, carcinoma, cystic fibrosis 
 2. Zollinger-Ellison syndrome (gastrinoma of the non-beta islet cells in the pancreas) 
 3. Liver disease with blockage of bile flow 
 4. Intestinal diseases 
   Celiac disease [gluten (gliadin) sensitivity] 
   Tropical sprue 
   Idiopathic steatorrhea 
   Crohn’s disease  
   Whipple’s disease (caused by Tropheryma whippeli) 
   Scleroderma 
   Amyloidosis 
   Lymphoma 
   Intestinal resection 
   Blind Loop Syndrome 
   Carcinoid syndrome 
 5. Resin treatment  
 
Tests of nonspecific biochemical abnormalities seen in malabsorption 
 
 1. Serum calcium (decreased) 
 2. Serum alkaline phosphatase (elevated) 
 3. Serum proteins (decreased) 
 4. SUN (decreased) 
 5. Serum cholesterol (decreased) 
 6. Prothrombin time (elevated) 
 7. Glucose tolerance test (flat) 
 8. Vitamin A (decreased) 
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Serum calcium is usually low because of decreased absorption and decreased serum albumin to which 
normally 55% of the calcium in serum is bound. 
 
Serum alkaline phosphatase is elevated. Its source may be the gut but usually is the bone. Chronically 
decreased vitamin D and calcium absorption lead to osteomalacia, a condition accompanied by inadequate 
mineralization of osteoid and elevations of serum alkaline phosphatase. 
 
Serum urea nitrogen usually is low due to the decreased protein absorption. 
 
Hypocholesterolemia is seen in the full syndrome of malabsorption, presumably due to decreased absorption 
of lipids and decreased synthesis of cholesterol. 
 
The prothrombin time may be markedly prolonged, and the patient may even present with hemorrhages. A 
combination of reduced vitamin K absorption and decreased synthesis of clotting factor due to protein 
deficiency or decreased liver synthesis is responsible. 
 
The glucose tolerance curve often is flat because of defective glucose absorption.  

 
Specific malabsorption/maldigestion defects 
 
 Disaccharidase deficiencies  
  lactase deficiency 
  sucrase deficiency 
  maltase deficiency 
 Glucose-galactose malabsorption 
 Pernicious anemia 
 Protein-losing enteropathy 
 Blind-loop syndrome 
 Jejunal diverticulum 
 Parasitic infestations 
 
Tests used in the evaluation of malabsorption / maldigestion 
 
 1. Carbohydrate malabsorption 
  A. D-Xylose absorption test (decreased) 
  B. Disaccharidase test (decreased) 
  C. Breath hydrogen test (increased) 
 
 2. Fat malabsorption 
  A. Fecal fat determination (elevated) 
  B.14C-triolein breath test (decreased) 
   

  3.    Specific disorders 
        A.  Celiac disease (Endomysial antibody present) 

         B.  Pernicious anemia (Schilling test) 
         C.  Cystic fibrosis (sweat test) 
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CARBOHYDRATE MALABSORPTION 
 
A.    D-Xylose absorption test 
 
        This test evaluates carbohydrate absorption and differentiates proximal intestinal from pancreatic 

malabsorption. D-xylose, a pentose, normally not present in urine, is given by mouth in doses of either  
25 g or 5 g. Its excretion in a 5-hour urine sample and its levels in plasma at 1 or 2 hours are measured. 

 
 The absorption of D-xylose in the intestine does not require phosphorylation or pancreatic secretions, and 

it is not metabolized by the liver. Thus, the urinary excretion of xylose is a reliable measure of intestinal 
absorption, provided renal function is normal. Plasma levels serve to ascertain if renal function is normal. 

 
        Decreased D-xylose absorption is observed in celiac disease, tropical sprue, Crohn’s disease,  
        immunoglobulin deficiency, pellagra, ascariasis, blind loop syndrome, radiation enteritis, surgical bowel 
        resection, after vomiting, delayed gastric emptying, inadequate hydration, decreased circulation, renal 
        disease, thyroid disease, sequestration in body fluids. 
 
   Reference values: 
    > 4.1 g/5 h urine sample on 25 g dose 
    > 1.2 g/5 h urine sample on 5 g dose 
    1 h plasma level: > 25 mg/dL on 25 g dose 
    2 h plasma level: > 15 mg/dL on 25 g dose 
 
       Some patients have abdominal discomfort with the 25 g dose. In these individuals (and in children) the  
       5 g dose is used. 
 
       Interpretation of low urine levels of D-xylose 
 
       Urine (U), plasma (P) 
 1. Intestinal malabsorption (↓P ↓U) 
 2. Renal “retention” (renal failure) (nl or ↑P, ↓U) 
 3. Myxedema and bacterial overgrowth (poor absorption) (↓P, ↓U) 
 4. Incomplete urine collection (nl P, ↓U) 
 

B.    Disaccharidase test 

 Individual disaccharides are administered orally and the blood glucose response is measured every  
30 min for 2 h. To differentiate between disaccharidase deficiency and general malabsorption the test is 
performed with 50 g of each specific disaccharide. If the test is normal, disaccharidase deficiency is 
excluded. If it is abnormal an equivalent quantity of each constituent monosaccharide (25 g) is tested. 
Normal absorption of the monosaccharides excludes general carbohydrate malabsorption, and the lesion 
is identified as a disaccharidase deficiency. 

 
 Acquired lactase deficiency is the most common with the congenital form being rare. Sucrase and 

maltase deficiencies are less common. 
 
 The normal rsponse should be an increase of serum glucose >20 – 30 mg/dL over fasting glucose levels. 
 An increase of <20 mg/dL suggests a deficiency. 
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C. Breath hydrogen test for carbohydrate intolerance 

 This test is based on the principle that hydrogen is not produced by mammalian cells and its presence in 
expired air is due to bacterial fermentation of carbohydrates. 

 
 A deficiency of one or more enzymes can lead to retention of sugars in the intestinal lumen, which 

are a source of bacterial fermentation in the large intestine. The bacteria ferment the sugars to 
hydrogen gas which is absorbed systemically and expired in air. 

 
FAT MALABSORPTION 
 
A.  Fecal fat determination 

 
 In general malabsorption, steatorrhea is a consistent finding. High fecal fat is the best confirmatory test 
         for steatorrhea; but, it gives no information as to the cause. The fecal lipids normally are derived from: 

 
 1. Mucosal cells 
 2. Gastrointestinal flora 
 3. Excretions into the intestinal lumen 
 4. Diet 

 
In health the normally small contribution of dietary fat to the total fecal lipids remains fairly constant  
despite variations in dietary fat intake. In malabsorption the fraction of unabsorbed dietary fat increases 
markedly. 
 
The standard total fecal fat determination should be carried out on the specimens pooled over 72 h. In our 
institution, feces for this purpose are collected in a pre-weighed gallon paint can, and kept refrigerated  
during the collection period. In the laboratory the entire sample is diluted with water, well blended to the  
point of emulsification and then small samples are removed for fat extraction by organic solvents,  
followed by drying and weighing. Results are reported in grams/24 h. 
 
  Reference range: 1-5 g/24 h 
  Questionable: 5-7 g/24 h 
  Abnormal: >7 g/24 h 
 
Fecal fat determinations are cumbersome and also entail unpleasantries for patients, ward and laboratory 
personnel alike, and they should be ordered only for stringent and appropriate clinical indications.  
However, a qualitative fecal fat by microscopic examination of stool for fat globules can be useful  
without the problems of a quantitative test. 
 

B. 14C – Triolein breath test 
  
This test is based on the principle that orally administered 14C-labeled triglycerides are digested and  
absorbed, and some of the labeled 14C is expired in the breath. This test measures the specific activity of  
14CO2 and it assumes that there is a constant rate of CO2 production from other sources. The patient must  
be fasting and at rest during the study. 
 
The 14C-triolein breath test is not reliable in patients with diabetes, obesity, thyroid disease, or chronic  
respiratory insufficiency. The results correlate well with the fecal fat determination. Both tests are not  
specific for the cause of malabsorption. 
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SPECIFIC DISORDERS 
 
A.   Celiac Disease 

 
Celiac disease (gluten-sensitive enteropathy) results from an immune-mediated intolerance to ingested 
wheat gluten or related proteins from rye and barley. The immunological response to gluten damages villi 
of the small intestine in these patients. The intestinal pathology is characterized by villous atrophy, crypt 
hyperplasia and intraepithelial lymphocytes. Without properly functioning villi the patient becomes 
malnourished. The difficulty in diagnosing the disease is based on the different ways it presents. Some 
individuals develop symptoms as children, other as adults. The longer a child was breast-fed and the later 
that food containing gluten is introduced seem to be the most significant factors in delaying symptoms. 
Lactose intolerance and food allergies are also common in these patients. 

 
Celiac disease presents in varying degrees of severity, from abdominal discomfort, diarrhea, flatulence, 
bloating, steatorrhea, weight loss, fatigue and malaise to subacute, silent or latent celiac disease. 

 
The prevalence is estimated at about 0.5 – 1% in North America and Europe. More than 90% of patients 
with celiac disease have HLA-DQ2 and essentially all the remaining patients have HLA-DQ8. Factors 
that increase the risk of celiac disease are: 

 
Group                Prevalence 
General population  0.5 – 1% 
First degree relative    2% 
HLA-DQ2/DQ2    3% 
Type 1 Diabetes  10% 
Both DM and DQ2  33% 
 

Celiac disease can be triggered after surgery, pregnancy, emotional stress or viral infections. Of particular 
high risk are those individuals with other autoimmune diseases. Diagnosing celiac disease can be difficult 
because some of its symptoms are similar to other illnesses such as Crohn’s disease, ulcerative colitis, 
diverticulosis, intestinal infections, chronic fatigue syndrome and depression. 

 
Accurate diagnosis of celiac disease requires gluten in the patient’s diet at the time of testing. The initial 
test is detection of IgA endomysial antibody (EMA) against tissue transglutaminase. The sensitivity of 
this test is close to 100% and specificity is around 95%. If this test is positive, the patient should have 
multiple small bowel biopsies from the second part of the duodenum and beyond to establish the 
diagnosis. The diagnosis is then confirmed by a resolution of symptoms following the introduction and 
maintenance of a strictly gluten-free diet. 

 
In those patients that appear to have celiac disease but don’t have an elevated EMA, consider that 2% of 
patients with celiac disease will be IgA deficient and unable to make IgA antibodies. A total IgA 
quantitation is indicated in these cases. These patients, and patients under the age of 3, should be tested 
for IgG antibodies to tissue transglutaminase. 

 
Since celiac disease is a relatively common disease associated with long-term complications that are 
treatable by a gluten-free diet, it has been considered for public-health screening. Arguments for this are 
the antibody testing is inexpensive, sensitive, and specific. However, the rebuttal is that we do not know 
the clinical significance of an asymptomatic individual found on screening to have the disease. Will these 
patients have the same long-term consequences? Additionally, a single negative test does not necessarily 
exclude possibility of disease in the future. 

 
The only treatment for the disease is a lifelong gluten-free diet. This is difficult due to the wide use of 
gluten in products ranging from bread to salad dressings and beer. Oats have general been considered safe 
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for patients with celiac disease; however, recent studies indicate that the grain does contain some T-cell-
stimulatory epitopes and that symptoms develop in some patients after consumption. Others contend that 
the oats are implicated due to contamination with wheat during packaging and transportation. Tef, a 
cereal traditionally grown in Ethiopia for making flat bread (injera), has been suggested as substituted for 
wheat flour in almost all applications and has similar nutritional value. Tef is only distantly related 
phylogenetically to wheat, barley and rye. Thus, tef could be considered for patients with celiac disease.  
 
(NEJM 2005;353:1748-9).   

 
B.   Pernicious Anemia  
 

Schilling Test – absorption of vitamin B12 
 
 Vitamin B12 (cobalamin) is an essential cofactor for DNA synthesis. It requires gastric synthesis of 

intrinsic factor and proper ileal function for its absorption. B12 deficiency can be due to decreased 
intrinsic factor or decreased absorption due to pancreatic or ileal disease. 

 The Schilling test is performed by orally administering 57Co-radiolabeled B12 and quantitating its 
appearance in the serum, feces or (most commonly) in the urine. 

 A reference population excretes >8% of the ingested dose in a 24 hour urine collection while < 7% is 
excreted in pernicious anemia. If the abnormality corrects with the co-administration of intrinsic factor 
with B12 , the defect is due to deficiency of intrinsic factor rather than malabsorption due to pancreatic or 
ileal causes. 

 
C.   Cystic Fibrosis  
 
 The sweat test is the most reliable laboratory test for the diagnosis of cystic fibrosis. In cystic fibrosis, 

sweat chloride values are 60 – 120 mmol/L; normal values are < 60 mmol/L. The test becomes positive 
within 3 to 5 weeks of age. Only 1 to 2 % of affected patients have sweat chloride values below 60 
mmol/L and only 1 in 1000 has values below 50 mmol/L. Positive tests are observed in a number of other 
diseases; however, those are rare and are generally clinically distinct from cystic fibrosis. 

 The Cystic Fibrosis Foundation of the U.S. accepts only the sweat test done by iontophoresis with direct 
determination of chloride or sodium. Use of ion-specific electrodes applied directly to the skin or agar 
plates for the determination of Cl- is no longer accepted. 

 
        Collection of sample 
 A 0.3% solution of pilocarpine (a cholinergic drug) is introduced into the skin by iontophoresis to 

induce sweating. Sweat is collected with a pre-weighed gauze pad, weighed, eluted, and analyzed for 
Cl- and less often Na+. 

        Normal values: 
 Chloride: <60 mmol/L 
 Sodium: 10-90 mmol/L 
 
        Elevated values are indicative of cystic fibrosis: 
 Chloride 60 – 120 mmol/L (no overlap of normal) 
 Sodium 60 – 180 mmol/L (overlaps normal; less useful) 
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CASE 1: 
 
List the most common symptoms, physical findings, and laboratory abnormalities (chemical and 
hematological) in an extreme case of malabsorption. 
 

CASE 2: 
 
The patient is a 48-year old man with a chief complaint of chronic diarrhea and epigastric pain for the past 
year.  He states that the diarrhea is watery and without blood, pus, or mucus.  He has a history of duodenal 
ulcer for which he takes cimetidine.  He has been treated for H. pylori without improvement of his symptoms. 
He reports a 25-pound weight loss over the past 6 months.  He denies use of laxatives. 
 
PMH: None 
     
Vitals: T 98, P 88, BP 114/55, R 28, wt 200 
 
Physical Exam: Gen: no acute distress 

EENT: PERRLA, EOMI 
Respiratory: Clear to auscultation 
Cardiac: RRR 
Abdomen: bowel sounds present, abdomen soft, no organomegaly 
Extremities: No cyanosis, clubbing, or edema 
Neurologic: Alert and oriented, 5/5 strength, sensation intact 
Rectal: guiac negative, normal sphincter tone 

 
Laboratory data:      Na 137, K 3.3, Cl 96, Bicarb 27, SUN 18, Creat 0.8, Glucose 167 
 
 

  1. What is your differential diagnosis? 
 
Additional studies: 

 
Colonoscopy with biopsies: normal 
Stool fat –negative 
O&P – negative 
Stool culture for bacteria – negative 

 Gastrin: 1482 pg/mL (reference range: 0-100) 
 

Based on the high gastrin levels an octreotide scan was ordered which showed intense octreotide activity 
arising from the distal second part of the duodenum. 
 
         2. What is your diagnosis? 
 
 
         3. What is the recommended treatment? 
 
 
         4. This patient is at an increased risk of having what syndrome? 
  
 
         5. What are the classic features of this syndrome?  

 



 

 131

CASE 3: 
 
A 20 year old man (height, 183 cm; weight, 81 kg) presented with symptoms suggestive of the early 
stages of an eating disorder shortly after beginning college. An eating disorder was suspected based on a 
rapid decrease in body mass (8.1 kg in 20 days), loss of appetite, diarrhea, and vomiting after meals. On 
initial referral, the student's physical examination revealed a body mass of 72.9 kg with 14.5% body fat, 
with other relevant findings of diarrhea, fatigue, bloating, and abdominal pain. The results of a routine 
complete blood count are shown below. 
 

 
 ( Modified from Journal of Athletic Training 2005;40(4):360–364) 
 
 

1. What is the differential diagnosis? 
 
 
 
 

2. What additional tests would be indicated? 
 
 
 
 

3. What are the characteristic biopsy findings in this disorder? 
 
 
 
 

4. Is this a common type of presentation for this type of disease? 
 
 
 
 

5. Would this diagnosis cause the observed CBC findings? 
 
 
 
 

6. How would you treat this patient? 
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IX 

 
 

LABORATORY DIAGNOSIS OF 
 

PANCREATIC DISEASE 
 
 



 

 134

OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 

 Describe the most common nonspecific biochemical findings in serum in acute pancreatitis 
 Discuss the use of serum amylase in the laboratory workup of acute pancreatitis 
 Discuss amylase isoenzymes 
 Discuss the use of serum lipase in the laboratory workup of acute pancreatitis 
 Identify non-pancreatitic conditions in which serum amylase may be elevated 
 Identify non-pancreatitic conditions in which serum lipase may be elevated 
 Calculate and interpret the amylase: creatinine clearance ratio  
 Discuss the mechanism for hypocalcemia in acute pancreatitis 
 Discuss the concept of macroamylasemia 
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LABORATORY DIAGNOSIS OF PANCREATIC DISEASE 
 
KEY TERMS 
 
Acute pancreatitis- Diffuse enzymatic destruction of the pancreas. 
 
Amylase- An enzyme monitored for pancreatic damage; hydrolyzes polysaccharides into simple sugars. 
 
Chronic pancreatitis- Chronic inflammation of the pancreas, generally irreversible.  
 
Glucagon- An islet cell hormone that has multiple actions to raise plasma glucose. 
 
Insulin- An islet cell-produced, anabolic hormone that controls glucose uptake, fat synthesis, and synthesis of 
proteins. 
 
Islet of Langerhans- Clusters of cells in the pancreas that produce the endocrine secretions of the gland.  They 
constitute about 1% of the pancreatic mass. 
 
Lipase- An enzyme monitored for pancreatic damage; cleaves fatty acids from triglycerides. 
 
Pancreatic duct- A conduit that passes through the pancreas, collects the pancreatic exocrine secretions of 
enzymes, water, and electrolytes, and carries them to the ampulla of Vater. 
 
Background Significance 
  
Acute pancreatitis occurs in 1 in 500 acute admissions and severe attacks have a 20-50% mortality rate.  Most 
cases occur in patients of age 50 years or greater and are frequently associated with alcoholism, hyperlipidemia 
and biliary disease.  However, approximately 2% of acute pancreatitis cases are drug induced.  The laboratory 
plays an essential role in the rapid diagnosis of acute pancreatitis allowing clinicians to make appropriate 
therapeutic decisions. 
 
Pancreatic Overview 
 
1.  Pancreatic Functions 

• Secretes all major digestive enzymes (lipase, amylase and trypsin) 
• Exocrine secretion controlled by secretin and cholecystokinin 
• Secretes 800-3,000 mL of bicarbonate-rich fluid (pH 8 to 8.3) per 24 hours 
• Endocrine functions include secretion of insulin and glucagon 

 
2. Complications of Acute Pancreatitis 

• Pseudocyst formation 
• Ascites fluid 
• Pleural Effusion 
• Abscess Formation 
 

Acute Pancreatitis 
 
A. In the diagnosis of acute pancreatitis, the following tests are diagnostically most useful: 
    Reference Range 
 1. Serum amylase and isoenzymes 30-150 U/L 
 2. Serum lipase 20-250 U/L 
 3. Effusion fluids amylase same as serum (passive diffusion) 
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B. Acute pancreatitis often is accompanied by changes in other biochemical parameters which are less 

specific: 
 
 1. Serum calcium (↓) 
 2. Serum bilirubin (↑) 
 3. Serum methemalbumin (↑) 
 4. Triglycerides (↑) 
 5. Plasma glucose (↑) 
 
Serum Amylase 
 
 A small amount of pancreatic amylase normally escapes into the circulating blood and, having a 

molecular weight of only about 45,000, is readily excreted by the kidney into the urine. Thus, increased 
entry into the blood or decreased renal excretion generally lead to increased blood levels. 

 
 A few hours after the onset of acute pancreatitis, serum amylase levels become elevated, but return to 

normal levels within two to three days. Elevations >5x the upper reference limit (URL) are 
considered pathognomonic for pancreatitis. 

 
 Amylase also is found in other tissues, especially in the salivary glands and Fallopian tubes (may cause 

elevated serum amylase in ectopic pregnancy), but amylase activity to a lesser extent is also present in 
many other tissues (liver, muscle, adipose tissue, kidney, brain, lung, intestine, spleen, serous ovarian 
tumors, some lung tumors and most body fluids and excretions). However, under normal conditions 50% 
of the circulating blood amylase is derived from the pancreas. The clinical specificity of this test is low. 

 
 In contrast to some other serum enzymes, serum amylase is relatively stable. Even at room temperature it 

is stable for several days. 
 
Elevations of serum amylase are observed in: 
 
 1. Acute pancreatitis 
 2. Chronic relapsing pancreatitis 
 3. Pancreatic carcinoma – mainly of the head of the pancreas 
 4. Obstruction of pancreatic duct 
 5. Diabetic ketoacidosis 
 6. Cholecystitis 
 7. Peptic ulcer 
 8. Gastric resection 
 9. Intestinal obstruction 
 10. Mesenteric thrombosis 

11. Peritonitis 
12. Abdominal surgery 

 13. Ectopic pregnancy and salpingitis (Fallopian tube amylase) 
 14. Treatment with morphine, codeine, (Oddi’s sphincter spasm) 
 15. Macroamylasemia 
 16. Sialitis (salivary amylase) 
 17. Mumps 
 18. Renal failure 
 19. Ectopic production (malignancies) 
 20. Post-traumatic 
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Amylase and Isoenzymes 

 The isoenzymes of amylase are S (salivary) and P (pancreatic).  They can easily be measured 
immunochemically; use of the P- isoenzyme increases specificity for acute pancreatitis. 

 
Macroamylasemia 

 This is a benign condition in which normal amylase forms macromolecular complexes with 
immunoglobulins (IgG, IgM) or it exists as a large polymeric aggregate, resulting in a variety of 
“macroamylases,” which, because of their large molecular size, are not excreted by the kidney. This 
results in elevated amylase levels in the serum. This condition has been observed following treatment 
with hog pancreatic extracts and occasionally in malabsorption syndromes, but otherwise is usually 
innocuous. Its clinical significance lies in the fact that the hyperamylasemia or macroamylasemia may 
lead to misinterpretations in the differential diagnosis of abdominal distress. Macroamylasemia accounts 
for 2.5% of hyperamylasemic conditions. One percent of healthy subjects have macroamylasemia. It 
requires no treatment and, in fact, may be transient. In this condition, the amylase/creatinine clearance 
ratio described below is usually < 1% (normal 1-5%), and the urine amylase is usually low. 

 
Serum lipase 
 
 Serum lipase activity is due to a number of enzymes from various sources, predominantly the 

pancreas. Lipases are reabsorbed by the kidney, and lipase activity is undetectable in the urine. 
 
 Serum lipase levels due to pancreatic disorders closely parallel the changes of serum amylase except 

that serum lipase may remain elevated longer than amylase (up to 2 weeks). Elevated serum 
amylase and lipase are strong evidence for a pancreatic process. When the serum amylase is 
elevated and the lipase is normal, nonpancreatic causes of the hyperamylasemia are more likely. 
(Note: Lipase increases of 3-5 times the upper reference limit are pathognomonic for 
pancreatitis.) 

 
Increases of serum lipase are seen in: 
 
 1. Acute pancreatitis 
 2. Carcinoma of the head of the pancreas 
 3. Alcoholic cirrhosis 
 4. Severe azotemia (renal) 
 5. Trauma to adipose tissue 
 6. Fat embolism 
 7. Hyperalimentation therapy – induces lipase activity 
 
Urinary Amylase 
 
 Renal excretion of amylase depends on the serum levels, and in hyperamylasemia increased amounts of 

amylase appear in the urine. Since this excretion is relatively rapid following moderate bouts of 
pancreatitis, serum levels may be borderline or normal while urinary amylase may be elevated. 

 
 Reference range: 1-20 U/h or 20-480 U/24 h. 
 
A urinary amylase determination is most useful in: 

 1. macroamylasemia, where the urinary values are normal or low. 
 2. patients who present with the clinical picture of pancreatitis while their serum amylase is normal. 
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 Increased clearance is not a specific response to pancreatitis, but instead may be due to successful 
competition for absorption of lower-molecular-weight proteins by the renal tubules. Increases in amylase 
clearance and the ratio of amylase to creatinine clearance are observed in a number of nonpancreatic 
disorders, such as burns, myeloma, and duodenal perforations.Comparisons of serum and urine tests have 
shown that serum enzyme tests have greater diagnostic utility than urine tests.  

 
Renal Clearance of Amylase 
 
 The renal clearance of amylase has been shown to range from 1 to 3 mL/min and is constant over a wide 

range of urine flow. Increased blood levels of amylase are followed by increased excretion into the urine. 
It has been shown that the increased excretion in pancreatitis is further augmented by an increased renal 
clearance rate of amylase (see "urinary amylase" above). A decreased renal clearance rate of amylase can 
be very useful in the confirmation of macroamylasemia. 

 In order to correct for the interindividual differences in renal function, it has been found advantageous to 
express amylase clearance as a percentage of creatinine clearance: the so-called amylase/creatinine 
clearance ratio. 

 
 Thus, the amylase / creatinine clearance ratio = 
 
     urine amylase 
 amylase clearance   %  = serum amylase X urine volume/unit time X 100% 
 creatinine clearance  urine creatinine X urine volume/unit time 
     serum creatinine 
 
   = urine amylase X serum creatinine       X 100% 
    serum amylase  urine creatinine 
 
 Notice that the factors of urinary volume and time cancel out of the equation which eliminates the need 

for cumbersome, timed urinary and blood collections. The test thus can be carried out simply on 
simultaneously collected random samples of blood and urine. 

 
 Reference range: 1 to 5 % 
 In pancreatitis, values range from 5% to greater than 20%. 
 In macroamylasemia, values are usually less than 1%. 
 
Note: This test is not frequently used since ultrasound and CT scan frequently can provide a rapid 

diagnosis of cholecystitis vs. pancreatitis. 
 
Effusion fluid amylase 
 
Acute pancreatitis often is accompanied by accumulation of effusion fluids in the peritoneal and even pleural 
spaces. If the differential diagnosis is in doubt, particularly with normal or near normal serum and urinary 
amylase and lipase values, a high amylase value found in an effusion fluid supports a diagnosis of pancreatitis. 
Reference ranges are the same as in serum. 
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Serum calcium 
 
It has been known for many years that acute pancreatitis often is associated with a pronounced fall in serum 
calcium values. This has been traditionally explained on the basis of saponification in the areas of fat necrosis, 
where calcium soaps are formed with the fatty acids liberated by the action of lipase on fat tissues. This 
explanation has been somewhat unsatisfactory considering the quantitative relationships with the available 
calcium pool. Recent reports have shown a marked rise in calcitonin in acute pancreatitis, thought to be at least 
partially responsible for the hypocalcemia. There usually is also hypophosphatemia, hypomagnesemia and 
often hypoalbuminemia. Thus, the hypocalcemia of pancreatitis, in all likelihood, is a complex phenomenon 
involving saponification as well as glucagon and gastrin release from the pancreas which in turn, stimulates 
calcitonin release from the thyroid, leading to phosphaturia and calciuria. Since 50% of calcium is protein 
bound, hypoalbuminemia will further depress calcium levels. Calcium remains low despite calcium infusions. 
 
There appears to be a correlation between the degree of hypocalcemia and the clinical severity of the 
pancreatitis with calcium levels below 7 mg/dL constituting a very ominous sign as they are associated with a 
high percentage of fatal outcomes. It is of interest to mention here that in the acute “pancreatitis of 
hyperparathyroidism” the hypocalcemia does not occur, indicating the importance of the roles of hormones in 
controlling the calcium blood levels in pancreatitis. 
 
Serum Bilirubin 
 
Hyperbilirubinemia is observed, even in those patients that have no evidence of biliary obstruction. The 
mechanism for this elevation is not certain but may be due to hemorrhage from the pancreas. 
 
Serum Methemalbumin 
 
This test can be used to distinguish edematous from hemorrhagic pancreatitis. It is thought that the 
extravasated blood in the pancreatic area is subjected to the digestive action of the pancreatic enzymes, 
liberating hemin which combines with albumin to form methemalbumin. However, methemalbuminemia is 
seen in many other conditions, including some with hyperamylasemia, such as ruptured ectopic pregnancy, 
peritoneal hemorrhage, mesenteric thrombosis, etc. 
 
Triglycerides 
 
Triglycerides may be markedly elevated in acute pancreatitis often causing turbidity of the serum. This is also 
considered an ominous sign. Note that hyperlipidemia can be a cause of pancreatitis. 
 
Plasma Glucose 
 
Acute pancreatitis often leads to glucose intolerance, with transient hyperglycemia and abnormal glucose 
tolerance curves (“burned out” pancreas). 
 
Chronic pancreatitis 
 
In chronic pancreatitis the biochemical changes are quite variable depending on the severity and stage of the 
disease. For instance, serum amylase may be elevated, normal or even decreased. With long-standing 
pancreatitis, sufficient pancreatic destruction may have occurred so that amylase cannot be elaborated. 
Duodenal intubations often are necessary to establish the diagnosis. A more detailed discussion is beyond the 
purview of this chapter. 
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CASE 1: 
 
A 35-year-old man is admitted to the hospital with abdominal pain of sudden onset. He also has swollen, 
painful salivary glands. His serum total amylase is 600 U/L. 
 
1. What clinical conditions may explain the hyperamylasemia? 
 
2. What laboratory tests should be performed to test each hypothesis? 
 

 
CASE 2: 
 
A 43-year-old man three years post-pneumonectomy for pulmonary adenocarcinoma is distressed to learn that 
his serum amylase is 450 U/L. 
 
1. What clinical conditions may explain the patient’s hyperamylasemia? 
 
2. What laboratory tests should be performed to evaluate each condition? 
 

 
CASE 3: 
 
A 38 year old man presents with an eight-hour history of acute abdominal pain that followed an alcoholic 
binge. He had been an alcoholic for several years and had a history of hepatobiliary disease. He sat on the 
stretcher with his knees drawn up to reduce the pain. He described the pain as very intense and “stabbing” in 
nature and radiating to his back. The pain increased when he was supine. He also complained of nausea. The 
blood pressure was normal, but the pulse rapid; the temperature 101.5 °F. There was tenderness and rigidity in 
the left upper quadrant. X-ray examination showed no air under the diaphragms, and there was no evidence of 
pleural effusion. Laboratory values were normal in serum, except: glucose, 182 mg/dL; calcium, 7.8 mg/dL; 
cholesterol, 125 mg/dL; triglycerides, 210 mg/dL; amylase, total, 870 U/L; amylase, P-isoenzyme, 750 U/L;  
lipase, 1400 U/L; leukocyte count, 18 x 103/ μL. Amylase returned to normal after 3 days and lipase after 7 
days of admission to the hospital. 
 
 
1. What diseases should be considered in the differential diagnosis? 
2. Since the patient’s pain appears to be intra-abdominal that is not colicky, which diseases can be excluded? 
3. Can an MI be excluded on the basis of laboratory data? 
4. Do serum amylase and lipase values support pancreatitis? 
5. Would a CT scan be helpful in confirming the diagnosis? 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Describe the use of the serum transaminases and bilirubin in evaluating hepatic 

parenchymal damage and function 
 Describe the use of the serum alkaline phosphatase, gamma glutamyl transferase, and 

bilirubin in evaluating biliary tract disease 
 Describe conditions in which the serum unconjugated bilirubin is elevated without 

significant elevations of the conjugated bilirubin 
 Describe conditions in which the serum conjugated bilirubin is elevated without significant 

elevations of the unconjugated biliruin 
 Describe conditions in which both serum conjugated and unconjugated bilirubin are 

elevated 
 Discuss "delta bilirubin" and its significance 
 Discuss the formation of urobilinogen and its diagnostic use 
 Discuss the alteration of serum proteins in liver diseases 
 Discuss aminoaciduria in liver failure 
 Discuss abnormalities in blood coagulation in liver disease 
 Discuss causes of hyperammonemia 
 Discuss the causes of DeRitis ratio > 1 and < 1 
 Discuss alkaline phosphatase isoenzymes and their diagnostic use 
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LABORATORY DIAGNOSIS OF LIVER DISEASE 
 
Key Terms 
 
Ascites- Serous fluid that accumulates in the abdominal cavity. 
 
Alkaline phosphatase- Enzyme found in variety of tissues; commonly used to diagnose hepatic and bone 
diseases.  Isoenzymes are distinguishable. 
 
ALT (SGPT) - Alanine aminotransferase; commonly used to detect hepatocellular damage.   
 
AST (SGOT) - Aspartate aminotransferase; commonly used to detect hepatocellular damage.   
 
Bile- A fluid synthesized by the liver and secreted into the duodenum via the bile ducts, the important 
constituents of which are conjugated bile salts, cholesterol, phospholipids, bilirubin diglucuronide, and 
electrolytes. 
 
Cholangitis- Inflammation of the bile ducts. 
 
Cholestasis- Decreased bile flow resulting from either intrahepatic or extrahepatic obstruction. 
 
Cirrhosis- Liver disease characterized by regenerative nodules and diffuse interlacing bands of fibrous 
tissue dividing the hepatic parenchyma into micronodular or macronodular patterns. 
 
Direct bilirubin (conjugated bilirubin) - Bilirubin that has been taken up by the liver cells and 
conjugated to form the water-soluble bilirubin diglucuronide. 
 
GGT- Gamma glutamyl Ttransferase; useful to help determine if elevations of alkaline phosphatase are 
due to bone or liver.  This enzyme is very sensitive to alcohol consumption. 
 
Hepatic Encephalopathy- A neuropsychiatric syndrome occurring secondary to advanced liver disease 
with hyperammonemia; manifested by aberrant behavior and even coma. 
 
Hepatitis- Inflammation of the liver, usually caused by a virus or drug. 
 
Indirect bilirubin (unconjugated bilirubin) - Free bilirubin that has not been conjugated with 
glucuronic acid. 
 
Jaundice- A syndrome characterized by hyperbilirubinemia and deposition of bile pigment in the skin, 
mucous membranes, and sclera, with resulting yellow appearance of the patient; called also icterus. 
 
Kernicterus- A clinical syndrome of the neonate, resulting from high levels of unconjugated bilirubin, 
which pass the immature blood-brain barrier of the newborn and cause degeneration of cells of the basal 
ganglia and hippocampus. 
 
Portal hypertension- Any increase in portal vein pressure due to anatomical or functional obstruction (for 
example, alcoholic cirrhosis) to blood flow in the portal venous system. 
 
Varices- Enlarged and tortuous veins, arteries, or lymphatic vessels, usually seen in the esophagus or stomach, 
commonly caused by cirrhosis and leading to portal hypertension. 
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In the liver, important synthetic, catabolic, and detoxifying functions take place. Complete loss of the liver or 
its functions results in death within hours or days. The hepatic parenchymal cells are involved in carbohydrate 
metabolism (glycogen synthesis, glycogenolysis, gluconeogenesis), protein synthesis (most plasma proteins 
including the coagulation factors, except factor VIII and immunoglobulins), lipid metabolism, (lipoproteins, 
phospholipids, fats, cholesterol), storage functions (probably all vitamins except vitamin C, iron, copper, trace 
metals), excretion (bilirubin, bile salts, copper), and detoxification (ammonia, steroid hormones, drugs, 
poisons). 
 
Liver disease may be a process confined to the organ itself (e.g., infection, cirrhosis, cholestasis, neoplasms) or 
be part of a consequence of systemic disease (e.g., cardiac insufficiency, hemochromatosis, hemolytic disease, 
metastatic disease). 
 
The laboratory diagnosis of liver disease is based largely on blood and urine tests that are designed to: 
 
1. assess the state of biochemical functions of the liver, 
2. to differentiate pathologic processes, and 
3. to diagnose etiology. 
 
Some tests may belong to more than one category, e.g., bilirubin. 
 
A. Tests of hepatic parenchymal damage and function  
 
 1. Tests of hepatocellular damage Reference Range 
  a. AST 10-45 U/L 
  b. ALT 10-45 U/L 
  c. Bilirubin (conjugated and total) <0.2 and < 1.2 mg/dL, respectively 
 
 2. Tests of biliary tract disease Reference Range 
  a. Alkaline phosphatase (ALP) 30-130 U/L 
  b. Gamma glutamyl transferase (GGT) male: <38 U/L 
    female: <24 U/L 
  c. Bilirubin (conjugated and total) <0.2 and <1.2 mg/dL, respectively 
 
B. Tests of Etiology 
 
 Hepatitis virus antigens (HBsAg); HCV by PCR 
 Hepatitis virus antibodies (e.g., HAV-IgG and IgM antibodies, HBcAb, HBeAb, HbsAb, HCAb) 
 α-Fetoprotein (tumor) 
 Immunoglobulins (catabolic function and blood flow) 
 Autoantibodies (antimitochondrial, smooth muscle, antinuclear) 
 Iron, transferrin, ferritin (hemochromatosis) 
 Copper, ceruloplasmin (Wilson's disease) 
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WHICH TESTS TO CHOOSE WHEN INVESTIGATING LIVER DISEASE 
 
 
Disease Tests 
 
Acute hepatitis AST, ALT, GGT, LDH, serum bilirubin conjugated & total, viral antigens 
 
Chronic hepatitis ALT, AST, viral antigens, viral antibodies, serum protein electrophoresis, 

bilirubin conjugated & total 
 
Cirrhosis Serum protein electrophoresis, ALT, AST, alkaline phosphatase, bilirubin 

conjugated and total, GGT, folic acid, B12, ammonia 
 
Cholestasis Alkaline phosphatase, GGT, bilirubin total and conjugated 
 
Focal lesions or Alkaline phosphatase, GGT 
infiltration 
 
Primary hepatocellular α-Fetoprotein, alkaline phosphatase, GGT, AST 
carcinoma 
 
The first three are genetic metabolic disorders: 
 
Gilbert's disease Bilirubin, total and conjugated (varies with eating and fasting) 
 
Dubin-Johnson and Bilirubin, conjugated and total 
Rotor syndromes 
 
Crigler-Najjar syndrome Bilirubin, total and conjugated 
 
Workup of jaundice  Bilirubin, total and conjugated, bilirubin in urine, AST, ALT, alkaline 

phosphatase, GGT, haptoglobin, plasma hemoglobin, hematologic 
parameters (for hemolysis) 

 
Hemochromatosis Serum iron and total iron-binding capacity, % saturation of TIBC or 

transferrin, ferritin, tests for cirrhosis, α-fetoprotein 
 
Wilson's disease Serum copper, ceruloplasmin, tests for cirrhosis 
 
 
DESCRIPTION OF TESTS 
 
Bilirubin 
 
Bilirubin, the end product of heme catabolism, is transported to the liver to be conjugated and excreted via the 
bile. Most of the bilirubin in blood is in transit from the tissues to the liver, in the unconjugated form, bound to 
albumin. Only small amounts of conjugated bilirubin are normally found in blood, and it is believed that the 
usual analytical methods tend to overestimate it in the low reference range. Bilirubin determinations are 
reported in two fractions, the "conjugated" and the "total". These names derive from Van den Bergh's 
observation in l916 that there are two types of reactions of serum bilirubin with Ehrlich's reagent (diazotized 
sulfanilic acid): 
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1. A direct reaction occurs within one minute of the addition of the aqueous Ehrlich's reagent to water-
soluble or conjugated bilirubin (both mono- and diglucuronides). 

 
2. An indirect reaction occurs after incubation with caffeine for 30 minutes to remove water-insoluble or 

unconjugated bilirubin from albumin 
 
The laboratory now reports bilirubin results as the conjugated (direct) fraction and the total, i.e., the sum 
of the conjugated and unconjugated bilirubin. Unconjugated bilirubin  is no longer measured or reported 
as such, but in practice is inferred by the clinician from the difference (total bilirubin minus the 
conjugated fraction).  However, this theoretical scheme does not hold completely true in practice in that 
the chemical reactions do not allow for perfect separation between the conjugated and unconjugated 
bilirubin. This is of no clinical significance. 
 
Hemolysis interferes with the test, causing a readout error and erroneous lowering of results (depending 
on methodology). Bilirubin is very light sensitive and samples must be analyzed within one to two hours 
or kept in the dark. Bilirubin is stable for months when serum is frozen and protected from light. 
 
 Reference Range: Conjugated bilirubin less than 0.2 mg/dL 
    Total bilirubin less than 1.2 mg/dL 
 
Fasting increases bilirubin in blood slightly in the normal person and more markedly in Gilbert's disease. 
It decreases with sunbathing and is slightly lower in women than in men. 
 
Low bilirubin values have no demonstrated clinical significance. 
 
Elevations of the unconjugated bilirubin without significant elevations of the conjugated are seen in: 
 
 Hemolytic disorders 
 Gilbert's syndrome [transport and conjugation defect, bilirubin 2 - 3 mg/dL] 
 Arias syndrome [partial conjugation defect, bilirubin more than 6 mg/dL] 
 Crigler-Najjar syndrome (glucuronyl transferase deficiency; 2 types) 
 Immaturity of the liver in the newborn (this is very common) 
 Cirrhosis (sometimes no elevations) 
 
Elevations of the conjugated bilirubin with lesser increase of the unconjugated form are seen mostly in the 
early phases of cholestasis and are transient, with day to day fluctuation of the two fractions. Textbook 
descriptions of conditions typically characterized by an elevation of the conjugated bilirubin often neglect to 
mention that these conditions are also accompanied by an elevation of the unconjugated bilirubin (e.g., Dubin-
Johnson, Rotor). 
 
Elevations of the conjugated plus unconjugated bilirubin are seen in: 
 
 Hepatitis (the liver still functions but swelling interferes with bile flow) 
 Cirrhosis (only in presence of other active liver disease) 
 Posthepatic obstruction (stones in the common bile duct, cancer) 
 Dubin-Johnson syndrome (liver pigmentation; gallbladder not visualized; excretory defect) 
 Rotor's syndrome (no liver pigmentation; gallbladder visualized; excretory defect) 
 Some forms of drug-induced cholestasis 



 

 147

A third form of bilirubin "tightly" bound to plasma albumin has been characterized by high-pressure liquid 
chromatography (HPLC). This form of bilirubin ("delta-bilirubin") is direct-reacting and is not detected to any 
significant extent in sera from normal adults or in sera from patients with unconjugated (indirect-reacting) 
hyperbilirubinemia. However, increased levels of delta-bilirubin are observed in sera from patients with 
prolonged conjugated (direct-reacting) hyperbilirubinemia (e.g., patients with cholestasis, cirrhosis, hepatitis, 
Dubin-Johnson syndrome, biliary atresia of the newborn). It has been suggested that a spontaneous reaction 
between bilirubin glucuronides and albumin results in a covalent linkage (presumably via an amide bond) of 
pigment to the serum albumin. The concentration of delta-bilirubin varies over a wide range, but it may 
account for 30 - 50%, and in some instances as much as 90%, of the total serum bilirubin. Delta-bilirubin is 
believed to be responsible for persistence of conjugated hyperbilirubinemia following clinical disappearance of 
bilirubinuria. Delta-bilirubin per se is not cleared into the urine since it is bound to albumin. 
 
 
Bilirubinuria 
 
Only the conjugated, water soluble form of bilirubin (the direct) is excreted into the urine. Since the conjugated 
bilirubin concentration in serum normally is very low, the urine normally also contains less than 0.2 mg/dL of 
bilirubin, an amount not detectable by conventional tests.  Thus, detectable bilirubinuria is abnormal and for its 
demonstration qualitative or semi-quantitative tests suffice. 
 
Urine containing bilirubin is yellowish-green and, when shaken, the resulting foam also turns yellowish-green. 
If bilirubin is absent, this foam usually is white. Bilirubin in urine is detected by: 
 
 a. The Fouchet's test, 
 b. A tablet test (Ictotest),  
 c. A paper strip test (Bilistix) 
 
Bilirubinuria is seen in 
 
 a. Biliary obstruction 
 b. Hepatocellular damage 
 c. Dubin-Johnson syndrome 
 d. Rotor's syndrome 
 
In conditions with an elevation of only unconjugated bilirubin, bilirubinuria is not present. 
 
 
 
Urobilinogen 
 
The water-soluble conjugated bilirubin excreted into the bile is converted by bacterial action in the gut into a 
number of products called urobilinoids, consisting of colorless chromogens (urobilinogens in urine, 
stercobilinogens in stool) and their pigmented oxidation products (urobilin, stercobilin). The color of the stool, 
previously believed to be due to stercobilin, now is known to be due to another class of compounds which are 
dipyrroles called pentdyopents. 
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The urobilinogens are partially reabsorbed by the gut and through the portal circulation are re-excreted through 
the liver and the bile.  However, a small proportion of these recirculating urobilinogens escape the liver and are 
excreted into the urine where they are normally detectable. 
 
Reference Range: up to 4 mg/d 
 
Urinary urobilinogens are absent in complete biliary obstruction, when no bilirubin glucuronides reach the gut 
and no chromophores are found (stools are chalky-white). 
 
Urinary urobilinogens are increased in hemolytic anemia, when greater amounts of bilirubin are excreted by 
the liver and in early liver damage, when re-excretion of urobilinogen into the bile is impaired. Values >5 
mg/d are abnormal; occasionally values in excess of 300 mg/d are seen. 
 
A semi-quantitative test for urobilinogen is performed on a two-hour (timed) urine specimen. 
 
Reference Range: 0.1-0.8 Ehrlich units/2 h 
 
A screening test based on the use of "Uro-bilistix" (Ames Company) is available and now more often 
performed than the semi-quantitative two-hour Ehrlich urine test. 
 
Fecal Urobilinogens 
 
 This test is not often performed. 
 
  Reference Range: 75-400 mg/d, or 125 to 400 Ehrlich units per day 
  Decreased in: biliary obstruction 
  Increased in: hemolytic anemia 
 
Fecal urobilinogens are absent in newborns and begin to appear as the infants acquire normal intestinal 
bacterial flora, usually within a few weeks. 
 
Plasma Proteins 
 
Plasma total protein concentrations in liver disease often are near normal because a decrease of albumin is 
offset by an increase of globulins and the concept of the ratio of albumin:globulin (A/G ratio), as used in the 
past, reflects this.  Reference range: 1.5:1 to 3.0:1. 
 
Most useful are albumin measurements in the assessment of the severity of impairment of the synthetic 
functions of the liver. Chronic proliferative disease of the liver (cirrhosis, chronic hepatitis) leads to polyclonal 
hypergammaglobulinemia and decreased catabolism of IgA particularly, as demonstrated by the "beta-gamma 
bridging" on serum protein electrophoresis.  IgA is affected more than other immunoglobulins because most 
is manufactured in lymphoid tissue of the gut.  It drains first into the portal system and is catabolized in the 
liver.  When portal circulation is compromised, IgA survives and is reflected in the serum protein 
electrophoresis pattern. 
 
Albumin is also important in the evaluation of renal disease.  
 
Reference Range: Total proteins, 6.0 - 8.0 g/dL 
                              Albumin, 3.3 - 5.0 g/dL 
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Blood Coagulation 
 
A prolongation of the prothrombin time (PT) is an indicator of hepatic dysfunction as the synthesis of the 
coagulation factors is impaired in hepatocellular disease. Furthermore, impaired absorption in the gut, 
particularly of fat soluble substances, often accompanies liver disease which may result in decreased 
absorption of vitamin K, needed for the production of factors II, VII, IX and X. In more severe conditions, the 
PTT (partial thromboplastin time) also becomes prolonged. 
 
Dysfibrinogenemias, abnormal molecules or fragments that interfere with fibrin-polymerization, have also 
been reported in severe liver disease. 
 
Fibrinolysis is increased in some patients with hepatic disease, presumably because of reduced synthesis of 
plasmin inhibitors by the diseased liver. 
 
Amino Acids 
 
In severe cirrhosis or hepatitis, the handling of amino acids by the liver cell is impaired, resulting in higher 
blood levels and increased aminoaciduria. There is little clinical value in their determination. 
 
In severe liver necrosis, aminoaciduria reaches such proportions that the solubility of certain amino acids is 
exceeded and crystals are formed, such as the characteristic leucine "spheres" and tyrosine "rosettes" (see 
under Urinalysis) which are encountered in the urine in "acute yellow liver atrophy." 
 
Blood Ammonia 
 
Elevated blood ammonia is seen in severe liver disease and in actual or impending hepatic coma. The 
elevations are due to reduced removal of ammonia from the portal blood, and "shunting" of portal blood, 
bypassing the liver.  Proteins absorbed in the gut first pass through the liver in the portal circulation. 
Blood ammonia levels show some, but not close, correlation with the presence and deepness of the coma. 
 
Elevated blood ammonia levels are seen in: 
 
 Severe liver disease 
 Hepatic coma and Reye's syndrome 
 Severe heart failure 
 Azotemia 
 Cor pulmonale 
 Erythroblastosis fetalis 
 Intestinal fistulas and blind loops 
 Prolonged shock 
 Intestinal bleeding 
 Transient hyperammonemia of the neonate 
 
Congenital hyperammonemia is seen in: 
 
 1. Inherited defects in urea cycle 

  2. Defects in propionic, methyl malonic and isovaleric acid metabolism  
 
                 Reference Range: 10 - 35 μmol/L 
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AST (Aspartate aminotransferase) and ALT (Alanine aminotransferase) 
 
The transaminases are the most sensitive indicators of hepatic cell injury. They may be elevated without 
elevation of bilirubin or other detectable impairment of liver function. Thus, although they are often referred to 
as “liver function tests,” they are not.  They are liver injury tests.  Their highest levels are seen in acute hepatic 
necrosis. Their elevations usually parallel each other with the following exceptions: 
 
 
 AST is generally higher than ALT in: 
  cirrhosis 
  myocardial infarction  
  metastatic carcinoma  
  progressive muscular dystrophy 
 

 

1  
AST

ALT
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 ALT is generally higher than AST in: 
  acute hepatic necrosis (viral hepatitis)  
  intrahepatic cholestasis 
  infectious mononucleosis 
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ALT elevations without those of AST are occasionally seen in mild hepatic disease and in the recovery 
phase of hepatitis, as the ALT elevations persist longer than those of AST. ALT is generally a more 
sensitive indicator of acute liver cell damage than AST. 
 
Reference Range:  AST, 10 - 45 U/L 
                                ALT, 10 - 45 U/L 
 
Alkaline Phosphatase (ALP) 
 
This enzyme is present in high concentration in the lining of the biliary system (bile canaliculi) and 
escapes into the bloodstream when the lining cells are affected by inflammation, necrosis, or obstruction. 
In obstruction, marked increase in serum concentrations is probably due to release of the enzyme into the 
circulation as a result of cell fragmentation by the increase of bile acids. 
 
Elevations of this enzyme in the blood are a sensitive indicator of a biliary problem but they are also seen 
in liver cell damage. The general rule applies that the higher the alkaline phosphatase, the greater the 
chances for post-hepatic obstruction. If the elevation is less than three times normal, consider 
hepatocellular disease; if greater than three times the upper reference limit, consider post-hepatic 
obstruction. 
 
It must be kept in mind that there are other important sources of alkaline phosphatase such as the bones 
and the gastrointestinal mucosa, the placenta, and certain tumors (Regan and Nagao isoenzymes). 
 
Focal lesions in the liver may lead to significant elevations of the alkaline phosphatase without a raised 
bilirubin. The liver has a large functional reserve and in this situation the unaffected liver tissue has 
sufficient capacity to excrete the bilirubin, while the alkaline phosphatase remains circulating in the 
blood. 
 
There are at least twenty isoenzymes of alkaline phosphatase that can be separated using capillary 
electrophoresis, but the procedure is technically complex and interpretation of results is difficult. 
The alkaline phosphatases also show differential heat stability when exposed to 56 or 60 °C in the 
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following order: bone < intestine < liver < placenta, Regan isoenzyme (most heat stable) and the heat 
stability test of alkaline phosphatase takes advantage of this. Remember this by "bone burns and liver 
lives" and "BILP." In 1994, Hybritech introduced a specific test, Ostase®, for the bone isoenzyme. The 
only limiting factor is a ~12% cross-reactivity with the liver isoenzyme. 
 
Reference Range:  30 - 130 U/L 
 
GGT (Gamma Glutamyl Transferase) 
 
This enzyme is found in liver and pancreas, but in even larger amounts in the kidney. Elevations of the 
hepatic alkaline phosphatase can be due to a bone disease or due to cholestasis. Therefore, GGT 
determinations are helpful in differentiating bone and liver sources of alkaline phosphatase, since there 
are no significant amounts of GGT in bone. GGT is also a sensitive indicator of alcohol-induced liver 
disease and of recent alcohol ingestion.  It is used in alcohol treatment programs to detect a return to 
drinking. Even changes within the reference range may be significant if one knows the patient’s baseline 
results. 
 
Up to seven isoenzyme fractions of GGT have been demonstrated with starch gel electrophoresis but no 
clinical application has as yet been defined. 
 
Reference Range:  male, <38 U/L; female, <24 U/L 
                                 
Tests of Liver Function  
 
Of the many hundreds of biochemical processes which go on in the liver, only a few are amenable to testing 
when their derangement leads to abnormalities in the blood, urine, or stools. 
 
 1. Tests relating to bilirubin metabolism 
  a. Serum bilirubin Reference Range 
     conjugated (direct) up to 0.2 mg/dL 
     total up to 1.2 mg/dL 
  b. Urine bilirubin none 
  c. Urine urobilinogen less than 4 mg/day 
  d. Fecal urobilinogen 75-400 mg/day 
 
 2. Tests relating to plasma proteins 
  a. Total protein 6.0-8.0 g/dL 
  b. Albumin 3.3-5.0 g/dL 
  c. Globulin (by difference of total protein minus albumin) 
  d. Serum protein electrophoresis (see section on protein abnormalities) 
 
 3. Tests relating to blood coagulation factors 
  a. Prothrombin time (up to 2 seconds of control value, i.e., ~12 sec.) 
  b. Vitamin K dependent factors (II, VII, IX, X) 
  c. PTT (activated) 23-35 seconds at VAMC 
    up to 5 seconds of control value at UCSD-MC 

 4. Tests relating to protein metabolism 
  a. Amino acid levels of blood and urine Increased in liver disease, but rarely tested 
  b. Blood ammonia 10-35 μmol/L 

   c.    IgA (beta gamma bridge) 
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CASE 1: 
 
A 30-year-old woman presents with fever (104 °F) and chills 11 days after returning from central Africa. She 
had spent three weeks visiting the homeland of her boyfriend and lived in relatively squalid conditions while 
there. The first two days she drank tap and local water, after which (on advice of other tourists) she drank only 
bottled water. She ate all food offered to her and after two weeks developed diarrhea with two episodes of high 
fever. She had no nausea or vomiting. She was treated with an unidentified local medication, and her 
symptoms resolved spontaneously. At her clinic visit now, her laboratory data are: AST 525 U/L, ALT  
615 U/L, total bilirubin 0.4 mg/dL, conjugated bilirubin 0.1 mg/dL, and ALP 111 U/L. Both a "mono-spot" test 
and a malaria smear were negative. She has no history of drug abuse. Her physical examination was 
unremarkable. 
 
 
 
1. What is the likely diagnosis for this patient? 
 
2. What further tests should be performed to confirm the diagnosis? 
 
 
 

 
 
 
 
 
CASE 2: 
 
A 45-year-old unemployed man presents with a chief complaint of painful joints. Approximately 10 months 
ago, while in jail, he experienced the onset of acute stiffness and contractures of the right fingers. The joints of 
both upper and lower extremities were painful (upper more so than lower). The patient was unable to get out of 
bed for 3 weeks. He noted that his stools had become lighter in color. He experienced no abdominal pain, 
anorexia, jaundice, weight loss, fever, chills, nausea, vomiting, or lethargy and he denied any history of ethanol 
or other drug abuse. He remembered being "exposed" to one of the inmates who was jaundiced. Over the past 
10 months, the patient's joint symptoms have lessened but he still experiences joint stiffness in the right upper 
extremity especially his elbow and shoulder. His physical exam was unremarkable except for pain and 
decreased range of motion of the right arm. His laboratory data were: AST 201 U/L, ALT 223 U/L, total 
bilirubin 1.0 mg/dL, conjugated bilirubin 0.1 mg/dL, and ALP 95 U/L. 
 
 
 
1. What is your diagnosis? 
 
2. What additional tests should be requested? 
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CASE 3: 
 
A 65-year-old woman with a long history of alcohol abuse now presents with confusion. She has had a 20 year 
drinking history during which she consumed 1 gallon of wine per day. Over the last two years, she has begun 
to experience decreased coordination as well as a loss of balance, dysarthria, and ataxia. Three months ago, she 
lost the ability to leave the house alone. Over the past three days, her mental status has declined until she 
demonstrated child-like speech and became very lethargic. 
 
Laboratory results 2 years earlier were: ALP 171 U/L, AST 89 U/L, bilirubin (conjugated/total: 
1.3/1.9 mg/dL), and HBsAg negative. Recently a CT scan of her head showed increased ventricular size with 
an atrophic vermis. 
 
On physical exam today, the patient lies on a stretcher with rolling eyes, protruding tongue, and dysarthric 
speech. She has a slightly enlarged liver (span of 10 cm). Her lab data are: AST 67 U/L, ammonia 62 μmol/L, 
bilirubin 0.1/2.7 mg/dL, amylase 60, CK 251 U/L, PT 15 sec (control 11 sec), PTT  
48 sec (control 32 sec). Both the toxicology screens and cultures were negative. 
 
What is the most likely explanation for these findings? 
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TUMOR MARKERS AND 
 

ASSESSMENT OF IRON STATUS 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 

 Describe the use of the following serum tumor markers:  alpha-fetoprotein, cancer antigen 
19-9, carbohydrate antigen 125, carcinoembryonic antigen, estrogen and progesterone 
receptors, human chronic gonadotropin, prostatic acid phosphatase, prostate-specific 
antigen, squamous cell carcinoma antigen, terminal deoxynucleotidyl transferase, and 
bladder tumor associated antigen  

 Discuss the proper use of tumor markers  
 Describe the difference in sensitivity and specificity of prostate specific antigen versus 

prostatic acid phosphatase 
 Discuss the effect of changing cut-off points on the specificity of cancer antigen 19-9 
 Discuss the effect of combination of carcinoembryonic antigen and cancer antigen 19-9 in 

the detection of recurrence of gastric cancer  
 Describe the implications of binding of prostate specific antigen with respect to the 

probability of prostate cancer 
 Discuss the causes of decreased serum iron 
 Discuss the causes of increased serum iron 
 Discuss the causes of decreased serum total iron binding capacity 
 Discuss the causes of increased serum total iron binding capacity 
 Discuss the causes of increased serum ferritin 
 Discuss the causes of decreased serum ferritin 
 Discuss the causes of increased serum transferrin 
 Discuss the causes of decreased serum transferrin 
 Differentiate hemosiderosis from hemochromatosis 
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USE AND LIMITATIONS OF TUMOR MARKERS  
 
Key Terms 
 
Adenoma- Benign epithelial tumor. 
 
Benign- Not malignant, not recurrent, favorable for recovery. 
 
Cancer- A relative autonomous growth of tissue. 
 
Malignant- Tending to become progressively worse, having properties of invasion and metastasis. 
 
Metastasis- Transfer of disease from one organ to another not directly connected to it. 
 
Sarcoma- Connective tissue tumor; most are malignant. 
 
Tumor- New cancer growth which is uncontrolled. 

 
 
 
Tumor marker definition:  A substance produced by a tumor or by a host in response to the tumor's 
presence. Such substances can be measured in blood, fluid secretions, or tissues by chemical, 
immunochemical, and molecular biology methods or by cytochemical staining. Markers include enzymes 
and isoenzymes, specific proteins, hormones, oncofetal antigens, carbohydrate epitopes, receptors, 
metabolites, and genetic changes. 
 
USE OF TUMOR MARKERS 
 
 1. For screening populations and high-risk groups 
 2. As an aid in diagnosis (limited value; lack of specificity and sensitivity) 
 3. In staging or confirmation of histopathology 
 4. To monitor response to therapy 
 5. To check for recurrence (main use) 
 
  Their use is mainly in carcinoma, less so in sarcoma. 

 
EXAMPLES OF TUMOR MARKERS 

 

TEST SPECIMEN 
SOURCE 

CLINICAL USE 

AFP  
(α-fetoprotein) 

 Serum A tumor-associated protein. Increased in non-
seminomatous testicular cancer; useful for monitoring its 
clinical management. Also increased in primary 
hepatocellular cancer and germ-cell tumors of yolk-sac 
origin. 

CA 19-9 (Cancer 
Antigen 19-9) 

Serum A tumor-associated glycoprotein. Increased in 80% of 
patients with pancreatic adenocarcinoma but rarely in 
patients with benign pancreatic disease.  Useful in 
monitoring post-operative patients for disease recurrence. 
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TEST SPECIMEN SOURCE CLINICAL USE 

CA 125 
(Carbohydrate 
Antigen 125) 

Serum Tumor-associated glycoprotein.  Increased in most 
patients with epithelial ovarian cancer. Should be used 
as an aid in the detection of residual ovarian cancer in 
patients who have undergone first-line therapy and 
should be considered for diagnostic second-look 
procedures. FDA approved for this purpose only. 

Carcinoembryonic 
Antigen (CEA) 

      Serum A glycoprotein. Increased in a variety of malignancies, 
predominantly colorectal cancer, but also CA of pancreas, 
breast, cervix, uterus, ovary, bladder, and lung.  Useful for 
monitoring patients for disease recurrence.  Persistently 
elevated levels or increasing levels may reflect the 
presence of residual or disseminated malignancy and 
indicate poor prognosis. 

Estrogen and 
Progesterone 
Receptors  
(ER and PR) 

Cytosol from breast tumor 
tissue 

Useful for both identifying hormone-dependent tumors and 
as prognostic markers.  Identifies those patients who will 
respond to hormone therapy and those who will need more 
aggressive treatment. If ER and PR are both positive, there 
should be a better response to hormone therapy. ER-positive 
tumors have been associated with longer disease-free 
interval for the patient and possibly longer survival. 

Human Chorionic 
Gonadotropin 
(hCG) 

                 Serum or urine A glycoprotein hormone consisting of an α- and β-chain. 
Increased in pregnancy with peak between 8th and 12th 
week of gestation.  Increased in trophoblastic cancers such 
as choriocarcinoma and hydatidiform mole. AFP is normal 
in these forms of cancer. hCG (and free β-hCG) and AFP 
are increased in non-seminomatous germ-cell tumors of the 
testes and are essential for monitoring clinical management. 

Prostatic Acid 
Phosphatase (PAP) 

                 Serum Elevated in prostatic cancer.  Useful for monitoring 
treatment of patients with confirmed prostatic cancer.  
Elevated levels following treatment may indicate residual or 
recurrent disease. Test has relatively low sensitivity. 

Prostate-Specific 
Antigen (PSA) 

                 Serum A glycoprotein and serine protease.   Increased in prostatic 
cancer but also in benign prostatic hypertrophy (BPH).  
Useful in monitoring treatment of patients with prostate 
cancer.  One assay has recently been approved by the FDA 
for early detection of prostatic cancer in conjunction with 
digital rectal exam.  Increasing the cut-off point to 10 μg/L 
reduces positive results from BPH to <2-3%. PSA exists 
in the free form and bound to proteins like 
α1-antichymotrypsin. Measurement of the ratio of free to 
total PSA may have advantages in the differential diagnosis 
of BPH, especially in the diagnostic "grey level" of 4-25 
μg/L of total PSA. The proportion of free non-complexed 
PSA to total PSA is significantly lower in patients with 
untreated prostate cancer than in patients with BPH. 
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PSA Probability of Cancer  % free PSA Probability of Cancer 
0-2 ng/mL 1%  0-10% 56% 
2-4 ng/mL 15%  10-15% 28% 

4-10 ng/mL 25%  15-20% 20% 
10 ng/mL 50%  20-25% 16% 

   25% 8% 
 
SOURCES:  American Medical Association Family Medical Guide, Medical Encyclopedia. 
 
 

TEST SPECIMEN SOURCE CLINICAL USE 

Squamous Cell 
Carcinoma (SCC) 
Antigen Fraction  

Serum A glycoprotein and subfraction of a tumor-associated 
antigen (TAA). Increased levels are associated with tumor 
progression or recurrence in cervical and uterine squamous 
cell cancer. Useful for monitoring clinical management.  

Terminal 
Deoxynucleotidyl 
Transferase 
(TDT) 

Peripheral blood or bone 
marrow 

Elevated in lymphoblastic leukemia and undifferentiated 
leukemia and in chronic myelogenous leukemia in blast 
crisis. Considered to be a biochemical marker for certain 
immature lymphocytes. Levels may increase and decrease 
as certain leukemia patients remit and relapse. May be 
helpful in the classification of leukemia and in selection and 
monitoring of therapy.  Not FDA approved. 

Bladder Tumor 
Associated 
antigen (BTA) 
stat Test 

Urine 
The BTA test is a single step immunochromatographic 
assay for bladder associated antigen in voided urine.  The 
associated antigen is a human complement factor H related 
protein (hCFHrp) The clinical specificity of the test is 
95.9% and clinical sensitivity 40-59%.  The test is superior 
to the voided urinary cytology in the detection of recurrent 
bladder cancer.  It will reduce, but not eliminate, the use of 
cystoscopy. 

 
 
 
 
 

TUMOR MARKER CASE STUDY 
 

A 30-year-old woman was admitted with a 9-month history of amenorrhea and an admission serum β-hCG 
value of 3,800 IU/L. X-ray studies revealed a lesion in the left lung, and a CT scan demonstrated small lesions 
in the frontal and left parietal lobes of the brain. Biopsies confirmed the presence of choriocarcinoma. The 
patient received radiation and chemotherapy treatment, and serum β-hCG values returned to normal. 
 
Three months later, a modest increase in the serum β-hCG signaled a possible recurrence of a tumor. All 
visualization studies were negative. The physician sent a separate serum specimen to an outside laboratory, 
which performed whole molecule (intact) hCG studies. The result was negative. Five months later, X-ray 
studies revealed a tumor in the right lung. The tumor was removed and chemotherapy repeated. The patient has 
been in remission since then. 
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The whole (intact) molecule hCG assay is less sensitive and less specific as a tumor marker than the β-hCG 
assay since the alpha subunit is identical for luteinizing hormone, thyroid-stimulating hormone, follicle-
stimulating hormone, and human chorionic gonadotropin (hCG). 
 

SENSITIVITY AND SPECIFICITY OF PAP VS PSA IN PROSTATIC CANCER 
 
  PAP PSA 
  Positivity Positivity 
 
 BPH   3% 63% 
 Stage A 0% 52% 
 Stage B 8% 78% 
 Stage C 60% 100% 
 Stage D 90% 100% 
 
Exact figures may differ somewhat between studies, but in principle, there is agreement. PAP is less sensitive 
than PSA, but it is more specific. 
 
Reference: Rock, R.C. et al. Evaluation of a monoclonal immunoradiometric assay for prostate-specific 

antigen. Clin. Chem., 33: 2257- 2261, 1987. 
 

EFFECT OF CUT-OFF POINT ON SPECIFICITY OF CA 19-9 
 

 Cut-off: 37 U/mL Cut-off: 60 U/mL 
Pancreatitis 20.3% (14/69) 8.7% (6/69) 
Hepatitis 16.3% (7/43) 9.3% (4/43) 
Cirrhosis 30.5% (18/59) 6.8% (4/59) 
Misc. benign conditions 12.5% (16/124) 7.3% (9/124) 
Pancreatic cancer 75.9% (63/83) 73.2% (60/82) 

 
Reference: Shaw, N.Y., Hutton, J.M., et al. Evaluation of CA 19-9 Levels as a Marker for Pancreatic Cancer. 

Clin. Chem. 33: 1034, 1987 (Abstract) 
 

EFFECT OF TEST SELECTION AND TEST COMBINATION  
ON SENSITIVITY OF TUMOR MARKERS 

 
       Test 

 
Disease 

Post-op Sensitivity 
for Recurrence of Cancer 

       CEA      Colorectal Cancer 90% 
       CEA      Gastric Cancer 59% 
       CEA      Pancreatic Cancer 31% 

   
CA 19-9      Colorectal Cancer 58% 
CA 19-9      Gastric Cancer 79% 
CA 19-9      Pancreatic Cancer 100% 

 
Conclusion: CEA is the preferred test for patients with colorectal cancer and CA 19-9 is the preferred test for 
patients with pancreatic cancer. The combination of CA 19-9 with CEA increases the sensitivity for detection 
of recurrence of gastric cancer to 94%. 
 
Reference:   Staab, HJ. et al. The Clinical Validity of Circulating Tumor-associated Antigens CEA and CA 

19-9 in Primary Diagnosis and Follow-up of Patients with Gastrointestinal Malignancies. Klin. 
Wochenschr. 63, 106, 1985. 
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ASSESSMENT OF IRON DEFICIENCY AND IRON OVERLOAD 
 
Key Terms 
 
Ferritin- The iron-apoferritin complex, which is one of the chief forms in which iron is stored in the body; 
occurs in the gastrointestinal mucosa, liver, spleen, bone marrow, and reticuloendothelial cells. 
 
Hemochromatosis- A disorder caused by deposition of hemosiderin in the parenchymal cells, causing tissue 
damage and dysfunction of the liver, pancreas, heart, and pituitary; also called iron overload disease. 
 
Hemosiderin- An intracellular storage form of iron, the granules consisting of an ill-defined complex of ferric 
hydroxides, polysaccharides, and proteins having an iron content of about 33% by weight. 
 
Hemosiderosis- A focus or general increase in tissue iron stores without associated tissue damage; hepatic and 
pulmonary hemosiderosis being characterized by abnormal quantities of hemosiderin in the liver and lungs, 
respectively. 
 
Transferrin- A β-globulin that carries iron in the blood. 
 
Zinc Protoporphyrin (ZPP) - A normal but minor product of the heme pathway in the red blood cell that 
becomes elevated when insufficient Fe (II) is available to the developing erythrocyte. 
 
Iron Deficiency 
 
The incidence of iron deficiency is about 9% in toddlers, 2% in men, 11% in menstruating women (higher in 
minorities), and nearly 50% in pregnant women. 
 
The cause in children is frequently dietary deficiency; e.g., milk has a very low content of iron. In adults, the 
cause is generally chronic blood loss. 
 
Conditions of Iron Overload 
 
The incidence of iron overload in the US is 1%. There are three main conditions of iron overload: 
 
 Hemosiderosis implies iron overload without tissue injury. 

 Hemochromatosis is a condition of iron overload with associated tissue injury. It is usually caused by 
chronic, excessive absorption of iron. 

 Hereditary hemochromatosis is the classic disorder of iron overload. The prevalence of homozygosity is 
about 5 per 1,000. 
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In all three conditions, serum iron, iron saturation of transferrin, and ferritin are high. Transferrin and TIBC are 
usually low in hemochromatosis. 
 

  
 Apotransferrin 

 
 
 
 
 
 

 
UIBC 

   
 
 
 
TIBC: 228-428 μg/dL 

 
Serum Iron (III) 
(bound to transferrin) 
M: 65-170 μg/dL 
F: 50-170 μg/dL 
 

  
Saturation: 
M: 20-50% 
F: 15-50% 
 of TIBC 

   
Transferrin 
M: 187-318 μg/dL 
F: 218-331 μg/dL 
 
 

 
   UIBC = Unsaturated Iron Binding Capacity 
   TIBC = Total Iron Binding Capacity 
Serum Iron 
 
Serum iron is defined as Fe (III) bound to transferrin and to a much lesser extent to some other serum proteins. 
Iron bound to free hemoglobin is not included. 
 
Decreases in serum iron are seen in iron deficiency and in chronic inflammatory disorders. Serum iron may 
also decrease in the early stages of treatment for anemias, e.g., the treatment of pernicious anemia with vitamin 
B12. In this case, hemoglobin synthesis draws iron from serum and iron stores. Other causes of low serum iron 
are hemorrhage, blood donation, and menstruation. 
 
Increases in serum iron are seen after use of oral contraceptives (increased synthesis of transferrin), in iron 
overload conditions such as hemosiderosis and hemochromatosis, acute iron poisoning, ingestion of iron 
medication (300 mg tablet of FeSO4 raises serum iron by 300-500 μg/dL), parenteral iron administration, and 
hepatitis (release of iron from liver iron stores). 
 
Serum Total Iron Binding Capacity (TIBC) 
 
Definition:  measurement of the maximum amount of iron that serum proteins, mainly transferrin, can bind. 
 
The TIBC is increased in iron deficiency. The combination of low serum iron and increased TIBC is helpful in 
the diagnosis of iron deficiency. TIBC and transferrin are decreased in acute inflammation (transferrin = 
negative acute phase reactant), in chronic inflammatory disorders (decreased transferrin synthesis), in 
malignancies, in hemochromatosis, and in malnutrition. 
 
The percent saturation of transferrin is an additional diagnostic tool. Normal values are 20 - 50% in males, and 
15 - 50% in females. It is low in iron deficiency and high in hemochromatosis.  
 
The portion of transferrin that is not saturated with iron is called apotransferrin or unsaturated iron binding 
capacity (UIBC). 
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Serum Ferritin 
 
Ferritin is the chief iron storage form in the body. Serum ferritin is very low (about 1% of total serum iron) and 
is in equilibrium with the body iron stores. In ferritin, iron is present as micelles of hydrated ferric oxide-
phosphate complexes, adhering to the inner surface. Ferritin is a very sensitive indicator of iron status, 
especially for iron deficiency except in chronic inflammatory disorders like rheumatoid arthritis, renal disease, 
and malignancies (predominantly lymphomas, leukemia, breast cancer, and neuroblastoma) in which ferritin is 
increased. High serum ferritin values are also seen in viral hepatitis (release from iron stores) and in iron 
storage diseases. 
 
Reference Range: M: 20-250 ng/mL; F: 10-145 ng/mL  

 
Free Erythrocyte Protoporphyrins (FEP) 
 
This is a screening test, mainly used in pediatric practice to detect iron deficiency and lead poisoning. In both 
conditions the last step in heme synthesis is prevented; in the first case by lack of iron, and in the second case 
by inhibition in the presence of lead. Thus, heme precursors, principally protoporphyrin IX, accumulate. 
Increases are also seen in rare erythropoietic porphyria and erythropoietic protoporphyria. Thalassemic 
disorders have normal FEP. 
 
Cytochemical Staining 
 
Cytochemical staining of hemosiderin in bone marrow aspirates by the Prussian blue reaction is the most 
definitive test for iron status. It is the accepted "gold standard". 
 
Quantitative Iron in Liver 
 
Measurement of iron in liver biopsies is also very helpful in the diagnosis of hemochromatosis, especially in 
cases in which the serum iron and iron-binding capacity may be borderline abnormal. 
 
Reference Range: 100-300 ug/g wet tissue
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Taken from Fairbanks, V.F., and Klee, G.G., Chapter 15, Biochemical Aspects of Hematology, In:  Textbook 
of Clinical Chemistry, N.W. Tietz (editor) W.B. Saunders Company, 1986, pp 1577-1584. 
 

Table 15-6. SERUM IRON, TIBC, AND TRANSFERRIN SATURATION IN 
VARIOUS CONDITIONS 

 
 Serum 

Iron 
 

TIBC 
Transferrin 
Saturation 

Ingestion of medicinal iron* ↑ N ↑ 
Parenteral iron administration= ↑ ↑ Var 
Iron deficiency states    
 Chronic blood loss ↓N ↑N ↓N 
 Acute blood loss N↓ N N↓ 
 Post-subtotal gastrectomy N↓ ↑N ↓N 
 Dietary deficiency (infants and children) N↓ ↑N ↓N 
 Polycythemia vera ↓N ↑N ↓N 
 Kwashiorkor ↓ ↓ Var 
 Pregnancy (without Fe supplement) ↓N ↑N ↓N 
Iron overload states    
 Acute iron poisoning ↑ N ↑ 
 Chronic iron overload ↑ N↓ ↑ 
 (Hemosiderosis, hemochromatosis, thalassemia major, sideroblastic 

anemias, other chronic anemias following numerous transfusions) 
   

Chronic disorders    
 Chronic infections ↓N ↓N N↓ 
 Rheumatoid arthritis ↓N ↓N N↓ 
 Malignancies ↓N ↓N N↓ 
 Laennec's cirrhosis ↓N ↓N N↓ 
Acute disorders    
 Acute infections ↓ N ↓ 
 Myocardial infarction ↓ N ↓ 
 Hepatitis or hepatic necrosis∇ ↑ ↑N Var 
Physiological variations    
 Diurnal rhythm    
  Morning N N N 
  Evening ↓ N ↓ 
 Menstruation ↓ N ↓ 
 Premenstrual interval ↑ N N 
 Contraceptives (except when bleeding) ↑ ↑ N 
 Pregnancy (with Fe supplement) ↑ ↑ N 
Miscellaneous    
 Pernicious anemia    
  Untreated ↑ N↓ ↑ 
  Early treatment (first week) ↓ N↓ ↓N 
  Treated N N N 
 Congenital atransferrinemia (very rare) ↓ ↓ ↑ 
 Acquired atransferrinemia (from nephrotic syndrome) ↓ ↓ ↑ 
 Hemolytic anemias Var Var Var 

 
 For each entry in this table, the most characteristic change is indicated first. ↓ = decreased concentration. ↑ = increased concentration.  
N = normal results.  Var = variable results. 
 
* The ingestion of a single tablet or capsule of an iron-containing medicinal can raise the serum iron concentration by 300-500 μg/dL, an 
effect that often masks iron deficiency.  Peak serum iron concentration occurs a few hours after ingestion; the effect is most pronounced in 
iron-deficient subjects. 
 
 = Increased serum iron concentration may be observed for weeks following an injection of iron dextran.  The mechanism of this has not 
been determined; most likely it reflects iron dextran in plasma.  The increase in TIBC characteristically observed with automated methods 
probably does not reflect increased transferrin but a methodological artifact (additional release of iron from iron dextran as a result of the 
procedure?), since the unsaturated iron binding capacity is normal in this situation. 
 
 ∇Increased serum iron concentration is the result of extreme hyperferritinemia consequent to hepatocellular injury.  The increase in 
TIBC characteristically observed with automated methods probably does not reflect increased transferrin but a methodological artifact 
(additional iron release from ferritin as a result of the procedure?). 
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CASE 1: 
 
A 56 year old white male presented with abdominal and ankle swelling of several months duration. The patient 
was well-developed, looked tanned even though it was winter, and had normal vital signs. His abdomen was 
protuberant with a fluid wave. There was no palpable liver edge. 
 
Laboratory data showed normal values for Hb and leukocyte count, normal electrolytes, no blood ethanol, a 
marginally elevated bilirubin, slightly elevated AST and ALT, and a cholesterol of 182 mg/dL. The total serum 
iron was 316 μg/dL (normal: 65-170); transferrin 218 mg/dL (187-318); transferrin saturation, 95% (20-50%), 
and ferritin 2542 ng/mL (20-250). 
 
 
 
1. What is the likely diagnosis? 
 
2. Is there any significance to the fact that the patient looked well tanned? 
 
3. What values would you expect for TIBC? 
 
 
 
 
 
 
 

 
 
 
CASE 2: 
 
A 69 year old male saw his physician with complaints of lower back pain. The patient was otherwise in good 
health. There were no urinary symptoms. Examination of the prostate gland revealed a firm nodule. Other 
routine laboratory tests, including serum calcium, were normal. The PSA was 78 μg/L (normal: <4.0). 
 
 
1. What are causes of lower back pain? 
 
2. What is the likely diagnosis? 
 
3. What procedures can be performed to confirm the diagnosis? 
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XII 
 
 

LABORATORY EXAMINATION OF 
 

BODY FLUIDS 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Describe the formation of cerebrospinal fluid and the volume of fluid 
 Identify the characteristics of normal cerebrospinal fluid 
 Discuss the causes of increased cerebrospinal fluid pressure 
 Describe the collection of cerebrospinal fluid for chemistry tests, microbiology studies, and 

cell counts 
 Describe Froin's syndrome 
 Discuss the use of oligoclonal banding in the diagnosis of multiple sclerosis 
 Describe myelin basic protein and its use in monitoring active demyelination 
 Discuss the use of the IgG synthesis rate in monitoring multiple sclerosis 
 Describe the alterations of cerebrospinal fluid in acute bacterial meningitis, tuberculous 

meningitis, and aseptic (viral) meningitis 
 Describe the procedure for laboratory examination of cerebrospinal fluid 
 Discuss the physicochemical differences between an exudate and a transudate  
 Describe causes of a transudate  
 Describe causes of an exudate 
 Differentiate chylous from pseudochylous effusions  
 Identify the characteristics of normal synovial fluid 
 Discuss the  glucose difference (serum versus synovial fluid) in normal, inflamed, and septic 

joints 
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LABORATORY EXAMINATION OF CEREBROSPINAL FLUID (CSF) 
 
Key Terms 
 
Blood-brain barrier- The barrier between the brain and the blood that allows the brain to maintain a 
cerebrospinal fluid composition different from that of blood. 
 
Coma- A state of unconsciousness from which patients cannot be aroused, even by the strongest stimuli. 
 
Meninges- The three membranes covering the brain and spinal cord: the dura, arachnoid, and pia. 
 
Meningitis- Inflammation of the meninges, often caused by viral or bacterial infections. 
 
Seizure- A sudden and transient disturbance of mental function or body movements that results from an 
excessive electrical discharge of a group of brain cells. 
 
Stroke- Sudden onset of symptoms caused by acute ischemia in the brain resulting from hemorrhage, 
embolism, or thrombosis, and evidenced by loss of neurological function. 
 
Subarachnoid space- The space between the arachnoid and pia membranes. 
 
Ventricles- Four cavities within the brain filled with cerebrospinal fluid and lined by the pia and the choroid 
plexus. 
 
Xanthochromia- A yellow coloring of the cerebrospinal fluid caused by the presence of breakdown products 
of hemoglobin. 

 
 

 
CSF is formed by the choroid plexus, presumably through the process of ultrafiltration and secretion. CSF is 
absorbed by the arachnoid villi of the dural sinuses. The character of CSF indicates that it is an ultrafiltrate 
with modifications, a dialysate which is in hydrostatic and osmotic equilibrium with blood. 
 
The blood/CSF barrier is similar to the blood/brain barrier, and CSF solutes resemble those in cerebral 
extracellular fluid. 
 
Examples 
 
 Alcohol penetrates these barriers rapidly. 
 Penicillin penetrates these barriers slowly. 
 Urea, creatinine and glucose are intermediate. 
 Gases are rapidly exchanged, ions slowly. 
 
If changes of these solutes in blood are rapid, the concentration in CSF lags behind those in blood (compared 
with changes in synovial fluid). 
 
 Daily production of CSF: about 500 mL 
 Total volume:  100-150 mL 
 (ventricles 20 mL; subarachnoid cisterns: 60 mL; spinal column: 70 mL) 
 
Normal CSF pressure: 75 -200 mm of water (manometrically) with the patient lying on his or her side in a 
horizontal position. In this position the cisternal and lumbar pressures are the same. 
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Low CSF pressure is of little significance. 
Pressure drops 5 - 10 mm of H2O for each mL of CSF removed. 
 
Causes of Increased Pressure 
 
 Moderate increase (250-500 mm H2O) is seen in: 
 Poliomyelitis 
 Encephalitis 
 Benign lymphocytic meningitis 
 Neurosyphilis 
 
 Marked increase (> 500 mm H2O) is seen in: 
 Tuberculous meningitis  
 Acute purulent meningitis 
 
 Pressures > 1000 mm H2O are seldom seen, because capillaries and veins collapse. 
 
Other causes of increased pressure are presumably due to an increase in the rate of production of CSF 
(meningism), brain tumor, abscess, aneurysms, hematoma, cerebral edema, hemorrhage, and acute febrile 
disease. 
 
Sampling of CSF 
 
After the opening pressure is measured, collect a few mL of fluid in three portions using three separate 
collection tubes under strictly sterile conditions. Label tubes in order of sampling. Do not remove more than a 
total of 15-20 mL. 
 
 Tube #1 chemistry tests 
 Tube #2: microbiology examination 
 Tube #3: cell counts (perform immediately) 
 
Gross Examination 
 
 Normal: colorless, clear 
 Turbidity: hazy when cells are >500/μL 
 Clotting: seen when protein is very high (as in Froin's syndrome) 
 Grossly bloody: after hemorrhage or bloody tap 
 Bloody tap: more blood in first tube than in subsequent tubes; contents may coagulate 

Subarachnoid       blood is uniform in all tubes; does not coagulate; supernatant may be 
  hemorrhage     xanthochromic 

 
Crenation of red cells is not a valid means to assess source of blood. 
Blood pigments from hemolysis may appear within 2-12 hours and may last 4-8 days.  
Xanthochromia:  Old blood (hemoglobin) is converted into bilirubin, which appears after 12 hours and may  
      last 12-28 days. 
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Microscopic Examination 

Cell count must be done within 1 hour after removal since the cells may disintegrate. 
 Normal: 
  0-8 lymphocytes/μL; no erythrocytes, no granulocytes 
  ≥10 cells/μL is abnormal 
 
 Interpretation of pleocytosis: 
  Neutrophilic leukocytosis - bacterial (pyogenic) 
  Mixed leukocytosis - tuberculosis 
  Lymphocytic leukocytosis - viral, meningismus, brain tumor, multiple sclerosis 
 
Microbiological examination 
 
 Smear (Gram stain) 
 India ink preparation (Cryptococcus neoformans) 
 Culture 
 
Chemical examination 
 
 Protein: 
  Normal:  15-45 mg/dL 
  Infants have higher values, presumably because of immaturity of blood/brain barrier. 
  Normally protein content is lower in CSF obtained from ventricular or cisternal puncture, higher in  
                   lumbar puncture sample. 
 
Elevations of CSF protein: 45-75 mg/dL slight increase 
 75-150 mg/dL moderate increase 
 150-500 mg/dL markedly increased 
 >500 mg/dL probably Froin's syndrome 
 
Protein elevation may be the only abnormality seen in certain diseases. It occurs in practically all organic CNS 
diseases. 
 
 The highest rise is seen in: 
  Acute meningitis 
  Subarachnoid hemorrhage 
  Sacculation of fluid 
  
Froin's syndrome (generally due to loculation, often secondary to tumor) is a combination of: 
 Very high protein 
 Xanthochromia 
 Lymphocytic pleocytosis 
 
Measurement of CSF total protein is based on turbidometry after addition of trichloroacetic acid or 
sulfosalicylic acid; albumin and globulin may contribute differently to turbidity. Following treatment with 
Coomassie Blue or Biuret reagent, protein in CSF may be measured colorimetrically. 
 
Increased CSF gamma-globulin may be seen when the total protein level is within normal limits. This fraction 
can be determined by protein electrophoresis. The technique requires at least 10 mL of CSF because of the 
need to concentrate samples due to relatively low protein concentrations in CSF. 
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Increased gamma-globulin is seen in: 
 Multiple sclerosis      
 Neurosyphilis 
 Leukoencephalitis 
        Some degenerative diseases 
 
CSF Protein Electrophoresis 
 
The demonstration of multiple discrete bands ("oligoclonal bands") in the gamma globulin region (which are 
not present in the patient's serum electrophoretic pattern) are useful in supporting the diagnosis of multiple 
sclerosis (MS). The sensitivity in using oligoclonal bands to aid in the diagnosis of MS is 70-95%. Both the 
specificity and the predictive value of positive tests have been reported to be about 85%. Such bands are 
usually IgG and occasionally IgM. About 10% of patients with MS do not have oligoclonal bands in their CSF 
("false negatives").  
 
Oligoclonal bands have also been reported in other diseases such as amyotrophic lateral sclerosis, Guillain-
Barre syndrome, meningoencephalitis, neurosyphilis, spinal cord compression, and subacute sclerosing 
panencephalitis. 
 
Myelin basic protein 
 
Myelin is produced by oligodendroglial cells and is a major component of the white matter. Myelin is 70% 
lipid and 30% protein by weight with the protein portion consisting of 20% high molecular weight protein, 
50% proteolipid, and 30% basic protein. Myelin basic protein (MBP) is strongly basic. It has a pI of 12 and a 
molecular weight of 18,600. With the breakdown of myelin, MBP is released into the CSF. The measurement 
of MBP is not a diagnostic test for MS but does provide an index for monitoring active demyelination. 
MBP is also elevated in diseases other than MS such as amyotrophic lateral sclerosis, presenile dementia, 
metastatic CA to the brain, cerebral palsy, cerebrovascular accidents, head trauma, meningoencephalitis, 
multiple myeloma, and spinal cord compression. 
 
IgG Synthesis Rate 
 
The CNS synthesis rate of IgG by B cells infiltrating areas of active demyelination is a useful parameter for 
monitoring disease activity in multiple sclerosis. 
 
 
Synthesis rate (mg/d) = 5  X(0.43)

Alb

IgG

230

Alb
Alb

369

IgG
IgG

S

SS
CSF

S
CSF 






















 −−






 −  

Where: 
 IgGCSF   = Concentration of IgG in cerebrospinal fluid in mg/dL 
 IgGS    =   Concentration of IgG in serum in mg/dL 
 AlbCSF   = Concentration of albumin in cerebrospinal fluid in mg/dL 
 AlbS   =   Concentration of albumin in serum in mg/dL 

369  =   Ratio of serum/CSF IgG concentrations in normal subjects 
230  =   Ratio of serum/CSF albumin concentrations in normal subjects 
0.43  =   MW albumin/MW IgG 
5    =   Average volume (in dL) of CSF normally formed in 24/h 
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Glucose 
 
(Must be done in conjunction with serum glucose). 
Normal:  60-80% of serum glucose levels 
A decrease is seen in bacterial meningitis (leukocytes are stimulated to more rapid glycolysis by bacteria). 
A decrease is noted with tumors of the meninges due to heavy neutrophilic reaction or widespread metastases. 
Increase is seen in trauma and diabetes. 
 
Tests of Lesser Importance 
 
 Chloride: 
  Normal:  120-128 mEq/L 
  May be low in tuberculosis, probably a nonspecific change 
 
 Enzymes: 
         CK elevated in cerebral infarction. If CK-BB is measured, preservative is required. 
 
 Lactic Acid: 
  Inversely proportional to glucose levels 

 
 

ALTERATIONS OF CEREBROSPINAL FLUID IN DISEASE 
        
 

CONDITION 
PRESSURE 

(mm Hg CSF) 
 

APPEARANCE 
LEUKOCYTES 

per μL 
PROTEIN 

mg/dL 
GLUCOSE 

mg/dL 
CHLORIDE 

mEq/L 
 

COMMENT 
        
Brain tumor Usually 

increased:  
may exceed 
300 mm  
CSF 

Clear, rarely 
xanthochromic 
due to markedly 
increased 
protein 

Usually normal; 
30% show 
slightly 
increased 
lymphs 

Depending on 
location may 
be normal or 
increased 

Usually 
normal; 
decreased if 
malignant 
cells in CSF 

Normal CSF cytology 
may be 
helpful, 
especially with 
metastatic 
tumors 

        
Herniated 
intervertebral 
disc 

Normal Normal Normal Slight to 
moderate 
increase in 
about 80% 

Normal  Normal May have 
evidence of 
subarachnoid 
block 

         
Diffuse cerebral 
atrophy 

Normal Normal Normal Normal or 
slight 
increase 

Normal Normal  

        
Acute bacterial 
meningitis 

Usually 
increased:   

Usually turbid to 
purulent 

Increased, 
chiefly 
neutrophils 
(may be normal 
early) 

Usually 
increased 

Decreased 
below 40 
mg/dL in 
about 50% of 
cases 

Slightly 
decreased 

Gram stain 
reveals 
organisms in 
about 90% of 
cases: culture 
may be 
negative if 
antibiotics 
given 

        
Aseptic 
meningeal 
reaction to brain 
abscess, 
epidural or 
subdural 
empyema, 
purulent 
sinusitis, etc. 

Usually 
increased 

Clear or slightly 
turbid 

Increased, 
usually 
mononuclear 
cells; may be 
chiefly 
neutrophils 

Normal or 
increased 

Normal or 
slight 
decrease 

Normal or 
slight 
decrease 

No bacteria on 
Gram stain or 
culture 
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ALTERATIONS OF CEREBROSPINAL FLUID IN DISEASE 
        
 

CONDITION 
PRESSURE 

(mm Hg CSF) 
 

APPEARANCE 
LEUKOCYTES 

per μL 
PROTEIN 

mg/dL 
GLUCOSE 

mg/dL 
CHLORIDE 

mEq/L 
 

COMMENT 
        
Tuberculous 
meningitis 

Usually 
increased 

Clear or slightly 
turbid; delicate 
clot (pellicle) 
may form on 
standing 

Increased, 
usually with 
lymphocytes or 
mixed reaction 

Increased Decreased; 
usually falls 
progressively 
often below 
40 mg/dL 

Decreased, 
often under 
100 mEq/L 

Organisms 
difficult to 
demonstrate 
by smear or 
culture 

        
Aseptic 
meningitis due 
to viral 
meningoenceph-
alitis (CSF 
findings vary in 
different types) 

Normal or 
moderate 
increase 

Clear or slightly 
turbid 

Slight to 
moderate 
increase, chiefly 
lymphocytes 
(neutrophilic or 
mixed reaction 
in early stages) 

Normal or 
increased 

Normal or 
slight 
decrease 

Normal or 
slight 
decrease 

May have 
increased 
protein with 
normal cell 
count in late 
stages 

        
Lead 
encephalopathy 

Increased in 
about 80% of 
cases 

Clear or slightly 
xanthochromic 

Usually slightly 
increased 
lymphs 

Normal or 
slight 
increase 

Normal Normal Lead in CSF, 
blood, and 
urine 

        
Multiple sclerosis Normal Clear Usually normal; 

30% show 
slightly 
increased 
lymphs 

Usually 
normal; slight 
to moderate 
increase in 
about 30% 

Normal Normal First zone 
colloidal gold 
reaction in 
about 50%; 
about 80% 
show 
increased CSF 
gamma- 
globulin 

        
Postinfectious 
encephalo-
myelitis 

Usually 
increased 

Clear Usually 
increased 
(lymphs) 

Normal or 
slight 
increase 

Normal or 
slight 
decrease 

Normal Cell count 
seldom 
exceeds 
200/μL 

        
Polyneuritis (CSF 
findings vary in 
different types) 

Normal or 
increased 

Clear (slightly 
xanthochromic 
if marked 
increase in 
protein) 

Normal Usually 
increased; 
may exceed 
500 mg/dL 
in acute 
infectious 
polyneuritis 

Normal  Normal or 
decreased 

Protein only 
moderately 
increased in 
diabetic 
polyneuritis 

        

Spinal cord 
compression due 
to tumor, 
vertebral 
fracture, 
epidural 
abscess, etc. 

Normal or 
decreased 
(may have 
rapid fall on 
removal of 
CSF) 

Usually clear; 
xanthochromic 
in about 40%; 
may show 
clotting if 
protein very 
high 

Usually normal; 
about 30% show 
slightly increased 
lymphs 

Increased in 
about 90%; 
may exceed 
300 mg/dL. 
(Froin's 
syndrome) 

Normal Usually 
decreased 

Positive 
Queckenstedt 
in about 80% 

        
Early 
neurosyphilis 

Normal or 
increased 

Normal Normal or slight 
increase chiefly 
lymphocytes 

Normal or 
slight 
increase in 
about 50% of 
cases 

Normal Normal In early stages 
blood may be 
seropositive 
and CSF, 
seronegative.  
Evaluation of 
CSF serology 
1 to 2 years 
after infection 
may be helpful 
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ALTERATIONS OF CEREBROSPINAL FLUID IN DISEASE 
        
 

CONDITION 
PRESSURE 

(mm Hg CSF) 
 

APPEARANCE 
LEUKOCYTES 

per μL 
PROTEIN 

mg/dL 
GLUCOSE 

mg/dL 
CHLORIDE 

mEq/L 
 

COMMENT 
        
Late 
neurosyphilis 

Normal or 
increased 

Normal Slight to moderate 
increase, chiefly 
lymphocytes 

Usually 
increased 

Normal Normal CSF 
seropositive in 
90%; blood 
often negative 

        
Traumatic tap Normal Initially 

streaked with 
gross blood, 
clearing in 
subsequent 
tubes; no 
xanthochromia 

Proportional to 
CSF RBC (see 
text) 

Proportional to 
CSF RBC 
(see text) 

Normal Normal About 2 WBC 
and 1 mg 
protein added 
with every 
1000 RBC 

        
Subarachnoid 
hemorrhage 

Findings similar to intracerebral hemorrhage (vide infra), but usually show less fall in pressure after tap.  Blood and/or 
xanthochromia invariably present during first week.  Leukocytes may increase after 24 to 48 hours. 

        
Intracerebral 
hemorrhage 

Increased in 
about 80%; 
occasionally 
exceeds 400 
mm CSF 

Bloody or 
xanthochromic 
in about 80% 

Proportional to 
CSF RBC (see 
text) 

Usually 
increased 

Normal Normal May have 
marked fall in 
pressure with 
removal of 
small amount 
CSF 

        
Subdural 
hematoma 

Increased in 
about 80% 

Usually normal; 
may be bloody 
or 
xanthochromic 
if cerebral 
laceration also 
present 

Normal Normal or 
slightly 
increased 

Normal Normal CSF findings of 
limited value; 
diagnosis 
confirmed by 
surgery 

        
Cerebral 
thrombosis 

Usually 
normal; 
increased in 
about 30%; 
seldom 
exceeds 300 
mm CSF 

Normal Usually normal; 
slight increase in 
about 30% of 
cases 

Usually 
normal; slight 
to moderate 
increase in 
about 40% of 
cases 

Normal Normal Hemorrhagic 
infarcts due to 
embolism may 
produce 
bloody CSF 

 
 

*Adapted from Page and Culver:  Laboratory Examinations in Clinical Diagnosis.  Cambridge, Harvard University Press, 1961. 
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PROTOCOL FOR LABORATORY EXAMINATION OF 
CEREBROSPINAL FLUID 

 
 
Gross Examination 
 
Normal appearance is: 
 Turbidity- Clear 
 Color- Colorless 
 Clotting- No clots 
 
Microscopic Examination 
 
1. Gently swirl the fluid in the test tube for thorough mixing, because cells may have settled upon standing. 

Do not shake vigorously as this may destroy cells and foaming may interfere with the testing procedures. 
 
2. With the aid of a pipet transfer a sufficient amount of the well-mixed fluid into the counting chamber of 

the hemocytometer to fill the space between the coverslip and the raised area of the counting grid 
completely and without air bubbles. 

 
3. Place hemocytometer onto the mechanical stage of the microscope and secure with the clamps. With the 

low power objective (10 times magnification) visualize the upper left hand large square,* which with this 
magnification should be entirely visible in one microscopic field. Adjust the lighting and substage 
condenser for best contrast and cell visualization. 

 
4. Count the white cells in all nine large squares. Since the volume thus counted is 9/10 μL, the result is 

multiplied by the fraction 10/9 to convert the number of cells counted to the number of cells per μL. 
 
5. Count the red cells in all 9 large squares, multiply the result by 10/9 and report number per μL. 
 
6. Scan entire area filled with fluid for formed elements other than white cells or red cells. 
 
*Dimensions of each of the nine squares are: 
 
1 mm long x 1 mm wide x 0.1 mm deep = 0.1 mm3 = 0.1 μL/square = 0.9 μL/whole hemocytometer. 
 
Chemical Examination:  as indicated by clinical condition. 
 
Microbiological Examination:  as indicated by clinical condition. 
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LABORATORY EXAMINATION OF EFFUSIONS 
 
Key Terms 
 
Ascites- Pathological accumulation of serous fluid in the peritoneal cavity. 
 
Effusion- Pathological accumulation of fluid in a body cavity. 
 
Empyema- The presence of pus in a body cavity, usually the pleural cavity. 
 
Exudate – Pathological accumulation of fluid in a body cavity; has a high protein concentration. 
 
Gout- An inflammatory arthritis of the joint secondary to crystallization of monosodium urate in the joint. 
 
Hemothorax- Blood in the pleural cavity secondary to rupture of the blood vessels. 
 
Hyaluronic acid- A high-molecular-weight polymer made up of repeating units of the disaccharide N-
acetylglucosamine and glucuronic acid. 
 
Neuroarthropathy- Disease of a joint secondary to a disease of the nervous system. 
 
Osteoarthritis- A degenerative form of arthritis that is primarily a disease of the bones with joint involvement. 
 
Paracentesis- Aspiration of fluid from a body space. 
 
Rheumatoid arthritis- Chronic progressive inflammatory disease of unknown cause involving multiple joints. 
 
Serous fluid- Fluids having the characteristics of serum. 
 
Synovial fluid- Joint fluid. 
 
Thoracentesis- Removal of fluid from the pleural cavity. 
 
Transudate- Pathological accumulation of fluid in a body cavity; has a low concentration of protein 
 
The mesothelium-lined body cavities (pleural, pericardial, peritoneal, hydrocele) normally contain only a few 
milliliters of a watery, colorless, or slightly yellow fluid. This fluid is a sort of semi-ultrafiltrate containing the 
electrolytes, most small molecular compounds of plasma, less than 3 g/dL of plasma proteins, no fibrinogen, 
and a few cells (leukocytes, macrophages and mesothelial cells). 
 
The mesothelium possesses pores that pass proteins up to about a molecular weight of 250,000, thus excluding 
fibrinogen (MW >300,000). 
 
An increase of the amount of fluid is pathologic. 
 
Based on the composition of the fluid, two types of effusions can be differentiated: transudates and exudates. 
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Exudates (e.g., boil) 
 
1. Indicative of inflammation 
2. Infections, acute or chronic 
3. Mechanical or chemical irritants 
4. Malignant tumors 
 Removal of exudate is usually beneficial 
 Exudates may be serous, fibrinous, hemorrhagic, purulent 
 
Transudates (e.g., blister) 
 
Pathogenesis: 
 
1. Decrease of osmotic pressure of blood, loss of serum proteins, particularly albumin (kidney 

disease, liver disease, malnutrition, malabsorption) (e.g., ascites) 
2. Increase of hydrostatic pressure of blood (e.g., ankle edema) 
 Increase of venous pressure  as in cardiac failure and liver disease 
3. Increase of capillary permeability (e.g., bee sting) 

Injury to capillary endothelium [anoxia, toxins, allergies, neurogenic, lupus erythematosus (LE)] 
4. Lymphatic obstruction (e.g., filariasis, neoplasm). Drainage of serous fluid is decreased (mostly  
             due to invasion of lymphatics by metastatic carcinoma or parasites). 
 
Transudates usually recur after removal (paracentesis, thoracocentesis). 
 

Physicochemical Characteristics of Transudates and Exudates 
 
    Transudates Exudates 
 
Specific Gravity 1.008 - 1.018 > 1.018 
Color   colorless white, yellow, red 
    yellow bluish-green-Pseudomonas 
    green (bilirubin & metabolites) black - putrefaction 
Turbidity   clear to slightly turbid turbid to opaque, purulent 
Protein   <3.0 g/dL > 3.0 g/dL 
  in cirrhosis  0.5 - 2.0 g/dL carcinomatosis, 3.0 - 5.5 g/dL 
  congestive heart failure 1.5-3.0 g/dL inflammation, up to 8.0 g/dL 
 
 
                                                             Transudates        Exudates                                                 
 
Diseases (selected)      CHF, nephrosis, cirrhosis,        neoplasia, infections, 
      renal failure, pancreatitis        collagen diseases 
 
Enzymes                                           Amylase is usually high in pancreatitis 
 
Glucose, electrolytes, urea, uric acid are of little value 
 
Collect all samples under sterile conditions and submit for microbiologic examination. Consider tuberculous 
etiology. 
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Special Effusions 
 
Chylous fluid is a turbid, milky or creamy peritoneal fluid due to the presence of thoracic or intestinal lymph.  
It is most often the result of lymphatic obstruction from trauma, tumor, tuberculosis, or filariasis; it may also 
be seen in nephrotic syndrome. 
 
Pseudochylous fluid is turbid, due to leukocytes or tumor cells. 
 

Differentiation of true chylous and pseudochylous effusions: 
 

 True Chylous ("lymph") Pseudochylous 
 
Appearance whole milk milky, "gold paint" (if high cholesterol  
                                          forms creamy layer on standing                   concentration), greenish 
                                        or with centrifugation                                                                    
pH always alkaline variable 
Ether extraction clearing (fat removed) does not clear completely 
Microscopic lymphocytes, fat droplets mixed cells, cholesterol crystals 
Etiology traumatic, neoplastic chronic effusions of many causes, 
 (thoracic duct) often seen in pericarditis 
Dye test positive negative 
 test meal with lipophilic 
 dye (aniline dye) 
Triglycerides high usually normal
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JOINT FLUID OR SYNOVIAL FLUID 
 
The joint space is lined by columnar synovial cells. These cells regulate diffusion of plasma constituents and 
secretion of synovial mucin (hyaluronic acid) which imparts the high viscosity to synovial fluid. Equilibration 
of joint fluid with blood lags several hours behind because of slow diffusion across the synovia. 
 
Normal synovial fluid: 
 Clear 
 Blood-synovial glucose difference <10 mg/dL (~ same) 
 Differential cell count: granulocytes <25% of total 
 Fibrin clot absent 
 Mucin clot (5% Acetic Acid) (Ropes test) positive 
 Leukocyte count <200 cells/μL 
 Viscosity high 
 Volume <3.5 mL in the large joints 
 
Leukocyte count in joint disease: 
 Nonseptic inflammation and degenerative disease   200- 2000/μL 
 Septic   100,000 and higher/μL 
 
Microscopic examinations of crystals in polarized light  
 Uric acid crystals (needles) in gout 
 Pseudogout (chondrocalcinosis) with calcium pyrophosphate crystals (rhomboid) 
 
Glucose difference: (serum glucose higher than synovial fluid glucose) 
 Normal joint 0-10 mg/dL 
 Inflamed but nonseptic joint 10-30 mg/dL 
 Septic joint up to 120 mg/dL 
    (bacterial utilization of glucose as well 
    as leukocyte glycolysis) 
 
Greatest value of joint fluid examination lies in differentiation of effusions due to: 
 Trauma versus Infection 
 Osteoarthritis Gout 
    Rheumatoid arthritis 
 
Fat droplets mixed with blood indicate trauma with escape of fat from bone marrow (fat is liquid at body 
temperature). 
 
ROPES test for synovial mucopolysaccharides: 
 Normal - clot formed in 5% acetic acid in 1 minute  
 Rheumatoid arthritis, gout, TB, infections -  poor clot 
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CASE 1: 
 
A 64-year-old alcoholic man is admitted to the hospital with lethargy, mental confusion, and abdominal 
swelling. Physical examination reveals the presence of a large amount of fluid in the abdomen, and a 
paracentesis is performed. Approximately 150 mL of serous fluid is obtained. Because of respiratory difficulty, 
a second paracentesis is performed with removal of 550 mL of fluid. 
 
1. What is the most likely diagnosis? 
 
2. What laboratory studies should be performed on this fluid? 
 
3. The protein concentration in the peritoneal fluid is found to be 2.2 g/dL. How do you interpret this 

finding and what dangers might this indicate for further paracentesis in this patient? 
 
 
 
 
 
 
 
 
 
 
 
 
 

CASE 2: 
 
A 23-year-old man appears in the Emergency Department with a fever of 102 °F and a painful, swollen right 
knee joint. The knee joint is found to be exquisitely tender and is thought to contain fluid. The Emergency 
Medicine resident successfully taps the knee joint, obtaining 10 mL of purulent, serosanguinous fluid. 
 
1. What laboratory studies should be ordered on this fluid? 
 
2. What do you expect the protein content of this fluid to be (high, normal, or low)? 
 
3. A Gram stain of a smear of this fluid reveals intracellular gram-negative diplococci. What is the probable 

diagnosis for this case? 
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LABORATORY DIAGNOSIS OF 
 

PROTEIN ABNORMALITIES 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Describe the approach to screening for serum protein abnormalities using serum protein 

electrophoresis 
 Describe the identification of specific protein abnormalities using immunofixation 
 Describe the monitoring of specific protein abnormalities using immunoassays 
 Identify acute phase proteins which are elevated in acute inflammation 
 Identify acute phase proteins which are decreased in acute inflammation 
 Describe the frequency of IgG, IgA, IgM, IgD, and IgE involvement in multiple myeloma 
 Describe the cause and findings of Waldenstrom's macroglobulinemia 
 Identify congenital deficiencies in gamma globulins  
 Discuss causes of secondary hypogammaglobulinemias 
 Discuss causes of polyclonal hyperimmunoglobulinemias 
 Discuss monoclonal gammopathies of undetermined significance (MGUS) and how they 

should be monitored 
 Identify the major serum protein electrophoretic patterns: normal, nephrotic syndrome,  

acute inflammation, chronic inflammation, α−1 antitrypsin deficiency, 
agammaglobulinemia, hepatic cirrhosis, monoclonal gammopathy 

 Discuss kappa and lambda light chains and their detection  
 
 
 



 

 185

LABORATORY DIAGNOSIS OF PROTEIN ABNORMALITIES 
 
Key Terms 
 
Acute-Phase Reaction- The body’s response to injury or inflammation, including fever, leukocytosis, and 
protein changes. 
 
Bence-Jones Protein- An abnormal plasma or urinary protein, consisting of monoclonal immunoglobulin light 
chains, excreted in some neoplastic diseases and characterized by its unusual solubility properties as it 
precipitates on heating at 56 to 60° C and redissolves at 90 to 100° C. It is measured by immunofixation 
electrophoresis (IFE). 
 
Complement- A functionally related system comprising at least 20 distinct serum proteins that help destroy 
foreign cells identified by the immune system.  
 
MGUS- Monoclonal Gammopathy of Undetermined Significance. 
 
Monoclonal immunoglobulinopathies (“monoclonal gammopathies”) - Increased concentration of a single 
immunoglobin that originates from a single lymphocyte or plasma cell line.  Also known as M-proteins. 
 
Paraprotein- An abnormal plasma protein appearing in large quantities as a result of a pathological condition; 
also known as myeloma components (MCs). 
 
Polyclonal hyperimmunoglobulinemias- Increased concentration of immunoglobulins from several different 
cell lines. 
 
Proteinuria - Protein in the urine. 
 
 
1. Analytical Approach 
 
 a. Serum protein electrophoresis. Electrophoresis is a screening test which can be followed by 

quantitative assay of specific proteins. Independent measurement of total protein is required for 
conversion to absolute amounts. 

 
 b. Identify specific abnormalities in the immunoglobulin fraction by serum immunofixation. 
 
 c. Follow specific protein abnormalities by quantitative analysis of the protein by immunoassay. 
 
2. Factors affecting separation 
 
 a. pH of buffer and charge on protein (amino acid side groups, carbohydrate moiety-sialic acid) 
 
 b. Sieving effect of pore size versus cross-sectional area of protein molecules 
 
 c. Chemical selective adsorptivity onto support medium 
 
Reference Ranges:  Total proteins, 6.0 - 8.0 g/dL 
                                 Albumin, 3.3 - 5.0 g/dL 
                                 Albumin: globulin (A/G) ratio, 1.5:1 - 3.0:1 
                                 (See table below for reference ranges for other proteins) 
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Acute-Phase Reactants 
 

Tissue damage and subsequent inflammation caused by trauma, tissue necrosis, immunomediated cell damage 
(as in auto-immune or immune complex disease), as well as viral and bacterial infections trigger the acute 
phase response which includes the increased synthesis of the acute phase proteins.  In the case of bacterial 
infection the response is much larger than that by an equivalent amount of inflammation of other origin.  The 
difference is due to the potent effect of bacterial endotoxin in inducing cytokine (TNF alpha, IL1, IL6) release 
from macrophages.  Bacterial DNA, unmethylated CpG sequences, IL12, etc are important inducers of this 
reaction.  In general, this reaction reflects innate immunity. 
 
The time curve of individual acute phase proteins and the degree of elevation of individual proteins differs in 
various disease entities.  The alteration in acute phase protein concentration in serum is due mainly to changes 
in the transcription rate of genes within hepatocytes.  The specificity of increases in acute phase proteins is 
high for tissue injury but low for specific disease entities. 
 
One of the most useful aspects of acute phase protein measurements is the sensitivity to small amounts of 
inflammation.  C-reactive protein (CRP) is the measurement of choice for the detection of acute inflammation 
and in monitoring the response to treatment of inflammatory disease.  In chronic conditions, the erythrocyte 
sedimentation rate may be the preferred measurement. 
 
The increase in synthesis of acute phase proteins is accompanied by a decrease in prealbumin, albumin, and 
transferrin, the so-called negative acute phase reactants.  Thus, there may be little change in the total protein 
concentration. 
 

Examples of Acute Phase Proteins 
 
Increased: 
α1-Globulins:   
 α1-Antitrypsin (protects from lysosomal enzymes)   
 α1-Acid glycoprotein (binds small molecules)    
 α-Antichymotrypsin (anti-protease)   
                   
α2-Globulins:   
 Haptoglobin (binds hemoglobin)  
 Ceruloplasmin (binds copper) 
 C4-complement (binds covalently to site of antibody binding) 
 
β-Globulins: 
 Fibrinogen (consumed in clotting) 
 C3-complement (final common pathway of complement) 
 Hemopexin (binds heme) 
 
γ-Globulins: 
 C-reactive protein (binds to bacterial and fungal LPS, opsonizes, activates C1q) 
 
Decreased: (i.e., negative acute-phase reactants) 
 Prealbumin, albumin, transferrin 
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Most Important Plasma Proteins 
 

PROTEIN FUNCTION ELEVATED DECREASED 
    

Prealbumin (0.02-0.04 g/dL): 
(Tryptophan rich) 

Binds T4 and Vit. A-RBP (Vit. A-
retinol binding protein complex) 

Pregnancy, sometimes 
nephrotic syndrome, high in 
CSF 

Hepatic damage, 
widespread tissue 
necrosis, negative acute 
phase response 

    
Albumin (3.3-5.0 g/dL):    
    
Normal Osmotic pressure, transport  

and buffer, protein reserve.  
Nonspecific carrier of many 
substances 

Dehydration Hepatic damage, 
negative acute phase 
response, protein losing 
conditions, malnutrition 

    
Variant 
(Bisalbuminemia) 

No significant deviation from 
normal.  Genetic or acquired 

  

    
α1-Globulins (0.1-0.4 g/dL):    
    
α1-Lipoprotein (HDL) 
(15-33 mg/dL) 

Lipid transport Decreased risk of CHD (?) Tangier Disease 

    
α1-Antitrypsin 
(78-200 mg/dL) 

Protease inhibitor Acute inflammation 
Malignant tumors 

Hereditary emphysema, 
hepatic damage, severe 
nephrotic syndrome, 
cachexia 

    
α1-Antichymotrypsin 
(30-60 mg/dL) 

Inhibits chymotrypsin Acute inflammation, surgical 
trauma 

MI 

    
Transcortin 
(1.5-2.0 mg/dL) 

Binds cortisol Pregnancy, administration of 
estrogens, oral contraceptives 

Afternoon 

    
α1-Acid glycoprotein (orosomucoid)  
(50-150 mg/dL) 

Binds drugs Acute inflammation  

    
Thyroxine-binding globulin 
(1.5-3.5 mg/dL) 

Binds T4, T3 Pregnancy, administration of 
estrogens, hereditary 

Hereditary 

    
α2-Globulins (0.6-1.0 g/dL):    
    
Ceruloplasmin 
(20-50 mg/dL) 

Copper containing protein Malignancies, especially acute 
leukemia, pregnancy, 
administration of estrogen, 
acute inflammation 

Wilson's disease 
(hepatolenticular 
degeneration), nephrotic 
syndrome, acute 
hepatitis, multiple 
sclerosis 

    
α2-Macroglobulin 
(125-410 mg/dL) 

Protease inhibitor 
Binds proteolytic enzymes  
such as plasmin and trypsin 

Nephrotic syndrome, acute 
glomerulonephritis 

Hemolytic anemia, 
protein losing states, 
burns 

    
Haptoglobin 
(30-215 mg/dL) 

Binds free hemoglobin Acute inflammation Acute hepatitis, liver 
damage, severe in vivo 
hemolysis 

    
Pre-β-lipoprotein (VLDL) 
(25-50 mg/dL) 

Lipid transport, especially 
triglycerides 

Hyperlipidemia  

    
C-4 complement Complement Acute inflammation  
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PROTEIN FUNCTION ELEVATED DECREASED 
    

    

β-Globulins (0.6-1.3 g/dL):    
    
Transferrin 
(180-270 mg/dL) 

Binds iron Iron deficiency anemia, 
pregnancy, acute hepatitis 

Chronic disease, 
nephrotic syndrome, 
malignancies, negative 
acute phase response 

    
β-Lipoprotein (LDL) 
(28-53% of total lipoproteins) 

Lipid transport especially 
cholesterol 

Obstructive jaundice, 
hyperlipidemias 

 

    
Properdin 
(2.0-3.5 mg/dL) 

Involved in bactericidal, virus-
neutralizing reactions 

 Infections, infectious 
mono, leukemia, 
paroxysmal nocturnal 
hemoglobinuria 

    
C3-Component 
(110-170 mg/dL) 

Complement Acute inflammation, acute 
stress 

Acute 
glomerulonephritis, 
autoimmune diseases 

    
Hemopexin 
(50-115 mg/dL) 

Binds heme, not hemoglobin Acute inflammation Hemolytic anemia, 
internal bleeding into 
body cavities and organs 

 β -Globulin Interference: 
 Hemoglobin 
  
 Fibrinogen 

  
Specimen hemolyzed 
 
Specimen not clotted (patient 
on heparin therapy) or plasma 
used for electrophoresis, acute 
inflammation 

 

    
γ-Globulins (0.7-1.5 g/dL):    
    
Lysozyme 
(0.5-1.5 mg/dL) 

Bacterial wall lysis Monocytic leukemias, 
sarcoidosis, regional enteritis 

 

    
C-Reactive protein 
(7-820 μg/dL) 

Synthesized by liver;  
initiated by antigens 

Acute inflammation, 
trauma, bacteria 

 

    
Immunoglobulins 
 
IgA (40-390 mg/dL) (between β and γ) 
 
IgM (25-310 mg/dL) (mostly in β) 
 
 
 
 
IgG (525-1650 mg/dL) (in γ) 
 
 
IgD (0-15 mg/dL) (between β and γ)* 
                   
IgE (0-380 mg/dL) (between β and γ)* 
 
 
* Usually not detectable by 

electrophoresis 

 
 
Surface immunity 
 
Early humoral 
immunity 
 
 
 
Late humoral immunity 
(anamnestic) 
 
B cell antigen receptor 
 
 
Mast cell binding 
Histamine release 
 
 

  
 
 
 
Gammopathies 
-monoclonal 
-oligoclonal 
-polyclonal 
 
 
 
 
 
 
Atopy 

 
 
 
 
Selective deficiencies: 
Agammaglobulinemia, 
Hypo-
gammaglobulinemia 
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GENERAL COMMENTS ON CLINICAL ABNORMALITIES  
OF GAMMA-GLOBULINS 

 
1. Congenital deficiency 
 Immunodeficiency syndromes: Selective IgA deficiency, X-linked agammaglobulinemia, hyper-      
         IgM with decreased IgG (CD40L deficiency), SCID (X-linked and autosomal) 
 
2. Secondary hypogammaglobulinemias 
 a. Protein-losing conditions (gut, kidney) 
 b. Malignant lymphomas (marrow replacement and inhibition of immunoglobulin synthesis) 
 c. Leukemias 
 d. Multiple myeloma (monoclonal immunoglobulin increased while others decrease) 
 
3. Polyclonal hyperimmunoglobulinemias 
 a. Chronic liver disease (increase of IgA due to decreased catabolism) 
 b. Chronic infections (all are increased) 
 c. Malignancies 
 d. Autoimmune diseases (often IgM) 
 e. Miscellaneous conditions (any chronic inflammation) 
 
4. Monoclonal immunoglobulinopathies (M-proteinemia) 
 a. Multiple myeloma (G>A>M>E,D) 
 b. Primary macroglobulinemia (Waldenstrøm's, IgM) 
 c. Monoclonal gammopathy of undetermined significance (MGUS) (converts at 2% per year to 

myeloma) 
 d. Transient, after bone marrow transplantation 
 
A single clone of immunoglobulin-producing cells usually synthesizes only a single immunoglobulin, or 
monoclonal protein, which separates electrophoretically as a homogeneous band giving a discrete peak. These 
M-proteins may be of the IgG, IgA, IgM, or (less commonly) IgD or IgE type and may appear as a sharp peak 
on electrophoresis anywhere within the beta and gamma regions of the electropherogram and rarely in the α-
region (1-2%). 
 
 
Multiple myeloma: 
 
Immunofixation studies indicate that the abnormal protein is IgG in over half of the cases, one-fourth IgA, less 
than 10% IgM, much less than 1% IgD; and IgE is found rarely. Bence-Jones protein (kappa and lambda light 
chains) is present in the urine of over 50% of the patients. In about one-fourth of patients only light chains are 
produced by the abnormal plasma cells, and therefore monoclonal peaks may not be found in the serum since 
the light chains easily pass through the kidney. Hypogammaglobulinemia is often seen because 
immunoglobulin production by non-malignant plasma cells is also greatly reduced and catabolism is increased. 
 
 
Waldenstrøm's macroglobulinemia: 
 
The abnormal protein is of the IgM type with a molecular weight of about 1,000,000 and a sedimentation 
constant of 18S (Svedberg unit). Bence-Jones proteinuria occurs in about 10% of these patients. The 
blood may be very viscous leading to blindness, hypertension, and priapism.  
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ELECTROPHORETIC PATTERNS IN HEALTH AND DISEASE 
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5. α1-Antitrypsin deficiency. Phenotyping  
studies are suggested for confirmation.  
The increase in the α 2- fraction suggests  
an acute inflammatory response. 

6. Agammaglobulinemia, suggestive  
of an immunodeficiency state.  

7. Pattern of nephrotic syndrome with marked  
decrease in albumin and increase in α 2-
globulin (α 2-macroglobulin and low-density 
lipoprotein). Urine shows increase in all 
fractions except the α 2-fraction. 

8. Pattern seen in cirrhosis, with decrease  
in albumin and diffuse increase in 
immunoglobulins involving both IgA  
(β-γ region) and IgG (γ region). 
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Monoclonal Gammopathy of Undetermined Significance: 
 
The term "monoclonal gammopathy of undetermined significance" (MGUS) denotes the presence of an M-
protein in persons without clinical evidence of multiple myeloma (MM), macroglobulinemia, primary 
amyloidosis (AL) or other related disorders. This occurs in 50-60% of patients presenting with M-proteins. 
The term "benign monoclonal gammopathy" is misleading because one does not know if the process will 
remain stable and benign or will develop into symptomatic MM, macroglobulinemia, AL, or a related disorder. 
 
The frequency of monoclonal gammopathies increases with advancing age. The prevalence of MGUS is 1% of 
patients older than 50 years, 3% of those older than 70 years, and increases up to 10% in persons over the age 
of 80 years. The incidence of MGUS is higher in African-Americans and lower in elderly Japanese. MGUS is 
characterized by the presence of less than 3 g/dL M-protein in serum; fewer than 10% plasma cells in the bone 
marrow; lack of, or only small amounts of M-protein in the urine, and a low plasma-cell labeling index (PCLI). 
PCLI measures the synthesis of DNA and when elevated is good evidence that the patient has MM or will soon 
develop it. In addition, evidence of bone lesions, anemia, hypercalcemia or renal insufficiency must be absent. 
Most importantly, the M-protein must remain stable and no other abnormalities develop. 
 
In patients recently diagnosed with MGUS, serum protein electrophoresis should be stable. The test should be 
repeated in 3 to 6 months. If the M-protein is constant, the test should be repeated in 6 to 12 months. If the M-
protein remains constant, electrophoresis and clinical evaluation should be performed annually thereafter. 
Patients should be told that the actuarial risk of malignant transformation is 17% at 10 years and 33% at 20 
years. The rate of development of serious disease does not differ whether the M- protein was IgG, IgA, or IgM. 
However, they should also be aware that evolution from MGUS to MM can be abrupt; and therefore, they 
should be advised to seek medical evaluation if untoward symptoms develop. 

Example of identification of a monoclonal serum protein by immunofixation electrophoresis. 
The first track is serum protein electrophoresis. The arrow indicates the position of the 
monoclonal protein. The second track identifies the protein as IgG after reaction with IgG 
antibody and protein staining. The fifth and sixth tracks identify the light chain(s) (κ in this 
example). 
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CASE 1: 
 
An 84-year-old woman was admitted to a local hospital for sudden onset of severe pain in her right clavicular 
region. Previously, the patient had been in good health. Physical examination was essentially unremarkable 
with the exception of marked tenderness over her right clavicle. The patient denies having back pain. 
 
PA and lateral chest x-rays demonstrated a fracture of the right clavicle and a compression fracture of a lower 
thoracic vertebra. There was a lucency on the mid-portion of the 7th left posterior rib. Skeletal exam showed 
multiple cortical and medullary "punched out" lesions throughout the skeleton. 
 
Laboratory: Hb 10.2 g/dL, Hct 31%, WBC 5,200/μL (54 segs, 10 bands, 33 lymphs, 1 basophil, 2 

eosinophils). 
 
UA:  Sp. gr. 1.021, protein 3+, 3-6 WBC/HPF, 8-10 RBC/HPF 
 
SPEP: TP 10.4, Alb. 2.6, α1 0.6, α2 1.2, β 0.7, γ 5.3 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 2: 
 
A 66-year-old man was admitted for biopsy of a neck mass. He had been well and actively employed as a 
painter until one year earlier when he fell from a ladder and sustained a subdural hematoma which was 
evacuated surgically. Fluid reaccumulated at the hematoma site, and a ventriculoperitoneal shunt was inserted. 
The shunt required multiple revision. Infection was suspected but not documented. 
 
Four months earlier a right paratracheal mass was noted on chest x-ray and one month earlier a right 
supraclavicular mass was felt. 
 
On physical examination the patient had a mass on the right side of his neck, a palpable nodule in the right side 
of his thyroid, and several matted right supraclavicular lymph nodes. 
 
 
Laboratory:  The patient had a hematocrit of 28% and hemoglobin of 9.1 g/dL. His WBC was 3300/μL.  The 
peripheral blood smear showed marked rouleaux formation of red cells, and his ESR was 147 mm/h.  Serum 
viscosity was 5.0. Urinalysis revealed trace protein. SUN was 23 mg/dL and serum creatinine was 1.2 mg/dL. 
 
Thyroid scan demonstrated iodine uptake into a nodule which was found to be a follicular adenoma on biopsy. 
Biopsy of the neck mass revealed a lymphoma. 
 
SPEP:  TP 8.3, alb. 2.9, α1 0.4, α2 1.1, β 0.7, γ 3.2 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 3: 
 
A 37-year-old woman was admitted to the hospital because of weakness and backache. For four years she has 
had episodic polyarticular arthritis involving her hands, knees, ankles, wrists, elbows, neck and sternal 
manubrium. Her arthritic exacerbations had been controlled with non-steroidal anti-inflammatory agents, but 
the patient discontinued them for fear of side effects. 
 
Physical examination revealed a large effusion in the patient's right elbow, a large effusion in her left knee 
with right knee tenderness, right ankle swelling and bilateral tenderness of her knuckles. The clinical diagnosis 
was ankylosing spondylitis. 
 
Laboratory:  There was mild anemia with a hematocrit of 35% and a hemoglobin of 11.6 g/dL. The WBC was 
normal with an increased number of lymphocytes. The ESR was 75 mm/h. 
 
SPEP: TP 6.8, alb. 3.4, α1 0.4, α2 0.8, β 0.9, γ 1.3 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 4: 
 
An 84-year-old man was hospitalized for advanced chronic obstructive pulmonary disease. He has no 
complaints of back or other skeletal pain, no fever or weight loss. Skeletal x-rays reveal diffuse areas of patchy 
demineralization that could represent osteoporosis or early neoplastic disease. A serum protein electrophoresis 
was performed. 
 
Laboratory: Urine was negative for Bence Jones protein. WBC 9800/μL, 51 segs, 28 lymphs,  
2 basophils, l eosinophil. 
 
SPEP: TP 10.4, alb. 3.6, α1 0.3, α2 0.8, β 0.9, γ 4.8 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 5: 
 
A 49-year-old woman entered the hospital because of shortness of breath and distended abdomen. She is a 
chronic alcoholic who has been admitted several times earlier because of massive ascites. Her abdominal size 
has increased markedly over the past 2 months, and she is unable to walk more than 1/2 block because of 
shortness of breath. Two weeks earlier she fell, striking her back on the left side and has since had pain on the 
left side of her chest wall, which impairs deep inspiration. She has been following a low sodium diet and takes 
aldactone and vitamins. 
 
Physical examination revealed ecchymoses on the left posterior chest with tenderness in the region of the 
seventh to tenth ribs. Breath sounds were decreased at the left base. She had ascites with a positive fluid wave 
and a prominent venous pattern over the surface of the abdomen. There was 3+ edema from ankles to 
abdomen. 
 
 
Laboratory: Serum electrolytes were Na+ 127 mmol/L, K+ 3.7 mmol/L, Cl- 107 mmol/L, HCO3

-  
19 mmol/L, and calcium 7.8 mg/dL. Serum amylase was 135 U/L and CK 96 U/L. Her WBC was 18,300/μL 
with segs 73, bands 4, lymphs 15 and monos 7. The platelet count was 142,000/μL. The ESR was 54 mm/h. 
Clotting studies showed PT 16.6/11.1 sec and PTT 38.3/31.1 sec. ABGs on room air were pO2 54 mm Hg, 
pCO2 28 mm Hg, and pH 7.51. 
 
SPEP: TP 8.0, alb. 2.6, α1 0.3, α2 0.5, β 0.9, γ 3.7 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 6: 
 
A 23-year-old man was in good health until 1 year ago when he developed right lower quadrant pain. A work-
up to rule out acute appendicitis revealed an elevated AST 220 U/L, platelets of 86,000/μL, and ALP 118 U/L. 
Several months later because of low platelets and significant splenomegaly, the patient's spleen was removed. 
The patient presents now with fever, muscle aches and jaundice, and the following laboratory data: AST 1460 
U/L, total bilirubin 7.9 mg/dL, conjugated bilirubin 4.7 mg/dL, platelets 220,000/μL. 
 
SPEP: TP 9.2, alb. 3.2, α1 0.3, α2 0.6, β 0.8, γ 4.3 g/dL 
 
1. What is the most probable explanation (diagnosis) for these findings? 
 
2. What additional tests should be ordered? 
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CASE 7: 
 
A 57-year-old man presented over 1 year ago with rectal bleeding of one month's duration. On physical 
examination, a large rectal mass was found. A surgical resection of the colon was performed and the tissue 
diagnosis was adenocarcinoma. At this time, the alkaline phosphatase was elevated. Over the past year, the 
patient's general condition has deteriorated with a chief complaint of back pain. 
 
Bone scan demonstrates numerous skeletal lesions throughout the ribs, long bones, spine and skull. 
 
Laboratory:  Hb 9.1 g/dL, Hct 28%, CK 80 U/L, AST 20 U/L, ALP 935 U/L. 
 
SPEP: TP 7.9, alb. 2.8, α1 0.8, α2 1.7, β 1.4, γ 1.2 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 8: 
 
An 18-year-old man in a third-world country was in good health until two years ago when he developed 
bilateral leg swelling which was treated with diuretics and steroids. He has no past history of malaria, renal 
disease, TB, or syphilis. The patient has been hospitalized numerous times over the past two years for the same 
complaint. Significant physical findings include periorbital edema and rales in both lower lung fields. There 
was +2 pedal edema. BP 110/75 mm Hg. 
 
 
Laboratory: Hb 13.9 g/dL, Hct 40%, cholesterol 441 mg/dL, triglycerides 225 mg/dL, serum creatinine  
1.2 mg/dL, 24 hour urine protein 12 g. Urinalysis: Sp. gr. 1.042, 4+ protein, large numbers of granular and 
hyaline casts, 2-5 WBC/HPF, 10-20 RBC/HPF. 
 
SPEP: TP 4.6, alb. 0.8, α1 0.2, α2 2.0, β 0.9, γ 0.7 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 9: 
 
A 34-year-old man presents with chronic breathing difficulties which have resulted in markedly increased 
shortness of breath over the previous week. He is unable to work because of pulmonary disability and has a 
history of smoking one to two packs of cigarettes per day for 20 years and of industrial exposures to borax and 
petroleum vapor. He has a chronic cough productive of yellow to green sputum occasionally streaked with 
blood and has had polyarthritis in the joints of both hands for several years. 
 
On physical examination, the chest is hyperresonant with depressed diaphragms, scattered wheezes, and 
rhonchi bilaterally. The cardiac apex is subxiphoid. 
 
 
Laboratory:  Chest x-ray demonstrated hyperinflation of the lungs and blunted costophrenic angle on the right. 
Arterial blood gases were pO2 51 mm Hg, pCO2 34 mm Hg, and pH 7.43 while breathing room air. 
Hemoglobin was 14.9 g/dL and hematocrit was 44%. White blood count was 8000/μL with a normal 
differential and the ESR was 57 mm/h. Pulmonary function studies showed a marked reduction in lung 
compliance consistent with severe emphysema. 
 
SPEP: TP 6.0, alb. 2.3, α1 0.2, α2 0.7, β 0.7, γ 2.1 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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CASE 10: 
 
The patient is a 43-year-old man. Three years ago he sought medical treatment for developing masses in his 
neck, axilla, and groin regions. At that time, his WBC was 115,000/μL with 89% lymphocytes. He has been 
treated since that time with steroids and chemotherapy. Total body irradiation was given. A splenectomy was 
performed. Recently he went to Mexico for initiation of holistic therapies but because of increasing weakness 
and dyspnea, he was transferred to the hospital. 
 
Laboratory: Hct 9%, Hb 3.1 g/dL, WBC 64,000/μL with 1 seg and the remainder lymphocytes and 

platelets 15,000/μL 
 
SPEP: TP 5.1, alb. 3.2, α1 0.3, α2 0.7, β 0.8, γ 0.1 g/dL 
 
What is the most probable explanation (diagnosis) for these findings? 
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XIV 
 
 

PRENATAL TESTING AND  
 

SEMEN ANALYSIS 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Describe the time course of serum human chorionic gonadotropin during pregnancy 
 Describe the relative sensitivity of urine home pregnancy test kits in detecting pregnancy 

(day of the first missed period) 
 Describe the relative sensitivity of laboratory qualitative urine pregnancy tests in detecting 

pregnancy (7-10 days post-conception) 
 Discuss the use of the serum β-hCG test (5-8 days post-conception) in diagnosing and 

monitoring ectopic pregnancy 
 Identify the characteristics of normal semen 
 Discuss the most common semen findings in infertility (increased or decreased volume, 

reduced motility, increased abnormal forms, low counts, high counts) 
 Discuss the lecithin: sphingomyelin ratio in diagnosing fetal lung maturity 
 Discuss the microviscosity test by fluorescence polarization for determining fetal lung 

maturity 
 Discuss the use of the amniotic fluid "delta O.D." in diagnosing and monitoring hemolytic 

disease of the newborn 
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LABORATORY DIAGNOSIS OF PREGNANCY 
 
KEY TERMS 
 
Amniotic fluid- Substance that protects the developing fetus; derived mostly from fetal urine. 
 
Ectopic Pregnancy- A pregnancy in which the embryo develops in the fallopian tube or abdomen. 
 
Embryo- A developing infant that has not yet finished organ development (less than 10 weeks gestation). 
 
Erythroblastosis fetalis- A fetal disease caused by maternal antibody-mediated fetal erythrocyte destruction. 
 
Fetus- A developing infant that has finished organ development (more than 10 weeks gestation). 
 
Gestation- Length of pregnancy measured in weeks from the first day of the last menstrual period. 
 
Hydatidiform mole- Abnormal pregnancy resulting from pathologic ovum. 
 
Oligohydramnios- The presence of less amniotic fluid than is usual for a given gestational age. 
 
Polyhydramnios- The accumulation of an excessive amount of amniotic fluid. 
 
Respiratory Distress Syndrome- A disease of premature newborns caused by a deficiency of lung surfactant. 
 
Zygote- The cell resulting from the union of male and female gamete. 
 
 
 
The tests used in the clinical laboratory for the diagnosis of pregnancy are based on immunological techniques 
to detect the presence of human chorionic gonadotropin (hCG) in urine or blood.  This hormone is a 
glycoprotein of 40,000 MW consisting of an alpha and a beta subunit. The alpha subunits of Luteinizing 
Hormone (LH), Follicle-Stimulating Hormone (FSH), Thyroid-Stimulating Hormone (TSH), and hCG are 
identical while their beta subunits are unique for each hormone and are responsible for their biological action. 
Antibodies formed against the whole hCG molecule cross-react extensively with LH, FSH, TSH, and this has 
been a source of bothersome interference with the specificity of pregnancy tests. A major improvement 
occurred with the development of specific antibodies against the beta subunit of hCG, such that the test is not 
affected, for instance, by the mid-cycle or menopause elevations of LH. Unfortunately the hopes for complete 
specificity of this test have not been borne out in practice. Traces of hCG have been demonstrated in the blood 
of normal, healthy men and nonpregnant females. The sources of this hCG appear to be the testes and the 
pituitary. Furthermore, anti-hCG-beta-subunit antibodies do cross-react to a small extent with other hormones, 
particularly with LH. Thus, values below 5 mIU/mL of serum are interpreted as negative and values over 30 
mIU/mL as positive. With the most sensitive methods, values indicating pregnancy are usually reached after 
the first week post-conception; i.e., well before the first missed menstrual period. Quantitation of hCG in blood 
also is used in the diagnosis and monitoring of therapeutic response in trophoblastic neoplasms and non-
seminomatous germ-cell tumors. 
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The serum values related to pregnancy are: 

 Nonpregnant 0-5 mIU/mL 

 Indeterminate 6-20 mIU/mL 

 First week post-conception 20-30 mIU/mL 

 Second week post-conception 30-100 mIU/mL 

 Third week post-conception 100-1000 mIU/mL 

 First trimester peak: (7-12 weeks) 10,000-160,000 mIU/mL 

 Second trimester 6,000-30,000 mIU/mL 

 Third trimester 400-15,000 mIU/mL 
 
 
The measurement of β-hCG in serum is also useful in the diagnosis of ectopic pregnancy which may produce 
an "acute abdomen." In this situation the measurement is extraordinarily important in the workup of the 
etiology of the abdominal pain. If positive, life saving surgical intervention may be indicated. In ectopic 
pregnancy, β-hCG decreases in serum over time. 
 
 
Principally, three analyses are now used to detect pregnancy: 
 
1. Urine Home Pregnancy Test Kits 
 
 Drugstores now carry urine pregnancy testing products that are easy to use, 99% specific and sensitive 

(when used as directed), and relatively inexpensive. The detection limit for pregnancy is the day of the 
first missed period. If negative they recommend retesting in 5-7 days if menses has not occurred. 
Specimens collected from pregnant women less than twelve days from conception may contain 
concentrations of hCG below the limit of detection of the test. In these instances the test should be 
repeated two to three days later since hCG approximately doubles every two days during early 
pregnancy. This allows the increase in concentration of hCG to reach the detection limit of the assay. 

 
2. Urine Qualitative Pregnancy Test - Clinical Laboratory 
 
 The rapid and sensitive qualitative Color Immunochromatographic Assay (Pacific Biotech, San Diego, 

CA) utilizing a monoclonal/polyclonal antibody method, capable of detecting the intact molecule of hCG 
in urine, is used at both the UCSD and VA Medical Centers. This test unit consists of a plastic container 
with a membrane strip which provides the solid support for the immunochromatographic assay. One end 
of the membrane provides contact with the urine well, which contains an absorbent pad which provides 
an even flow of the urine along the membrane. In the test, 220 μL of urine is added to the "Add Urine" 
well, saturating the absorbent pad which then transports the urine to the attached membrane strip. As the 
urine moves to the first zone of the membrane, it mobilizes the mouse anti-β-hCG monoclonal antibody 
conjugated with blue latex beads. The urine continues to move the antibody-blue latex conjugate across 
the membrane to the immobilized anti-α-hCG zone, a rabbit polyclonal antibody which is immobilized 
on the vertical line. If hCG is present in the urine specimen, a "sandwich" of solid phase/hCG/blue latex 
is formed. The vertical line will appear, resulting in a positive sign (+) visible in the "Read Results" 
window, indicating the presence of hCG. If hCG is not detected, the "Read Results" window will only 
contain the pre-printed blue horizontal line, indicating a negative (-) result. As urine continues to move 
the antibody-blue latex across the membrane, it comes in contact with the reagent in the "Test Complete" 
window. A blue line will appear, indicating the test is complete (Figure). 
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 Sensitivity:  30 mIU/mL. 

 
 In normal pregnancy, hCG concentrations can reach this level as early as 7 to 10 days post conception. 
 
 Specimen: 
 Although a random urine collection can be used, for optimal results it is best to test the first urine voided 

in the morning, because it contains the greatest concentration of hCG.  
 
Limitations: 
 
 a. Positive results from very early pregnancy may later prove negative due to natural termination of 

pregnancy. This is estimated to occur in up to 50% of all conceptions. It is recommended that weak 
positive results be retested with a fresh urine sample 48 hours later. 

 
 b. A negative result obtained with a urine specimen collected from a very early pregnancy (or a very 

dilute urine) should be retested on a fresh specimen after two days. 
 
 c. Patients with trophoblastic and nontrophoblastic disease may have elevated hCG levels; therefore, 

the possibility of hCG-secreting neoplasms should be ruled out prior to the diagnosis of pregnancy. 
 
3. Serum Quantitative Pregnancy Test - Clinical Laboratory 
 
 Serum should be used in the quantitative β-hCG assays. The assay range is from 1.9 mIU/mL to 500 

mIU/mL and may be extended by dilution of the specimen by the laboratory. This detection limit enables 
the laboratory to detect pregnancy about 2 days before the urine qualitative method gives a positive 
result.  This test should be used in the detection of ectopic pregnancy and tumors. 
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SEMEN ANALYSIS 
 
 
In examining a semen specimen for investigation of infertility the following items are important: 
 
Samples: 
A minimum of two specimens collected 7 days apart are tested in order to compensate for the considerable 
variation in sperm output. 
 
Interval from last ejaculation: 
The recommended interval is three to five days. Shorter periods often result in reduced numbers and volume. 
Longer periods result in an increase in immotile forms. 
 
Time of collection: 
The collection time is best in the morning or during the day because it is difficult for the laboratory to offer 
such special services during the evening and night hours. The time elapsed between collection and examination 
is important for assessing the percentage of motile sperm as well as liquefaction. Testing should be scheduled 
in advance with the laboratory. 
 
Technique of collection: 
No differences are known in the quality of the semen specimen whether it has been obtained through 
masturbation or coitus with a condom. In the latter case, the condom must be free of any chemicals or 
powders. 
 
Sample handling: 
Collect specimen in wide-mouthed jar or condom. Transport to the laboratory without any additions, without 
delay. Keep sample near body temperature. Prevent temperature extremes, drying, or freezing. The time of 
collection should be indicated. 
 
Time of analysis is recorded by the laboratory to assess the time elapsed from collection. 
 
 
 
Macroscopic Examination 
 
Volume: 
Average 3-5 mL; however, fertility may be seen with specimens of 1 mL up to 15 mL. Below  
1 mL, fertility is reduced. However, infertile males can also have increased semen volume. 
 
Appearance: 
Translucent, whitish-gray or opalescent. 
 
Mucolysis: (liquefaction) 
Normal semen coagulates a few seconds after ejaculation, then undergoes liquefaction within 30 minutes. 
Coagulation is due to formation of a fibrin clot by the action of the prostatic clotting enzyme from the seminal 
vesicles. Liquefaction is caused by the action of fibrinolytic enzymes of prostatic origin. Liquefaction is 
defective or absent in the semen of males with lesions or absence of the vasa deferentia and seminal vesicles. 
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MICROSCOPIC EVALUATION OF SPERMATOZOA 
 
 
Sperm count (number/mL): 
 
Counting technique: The thoroughly mixed sample (after liquefaction) is diluted with a special diluent in a 
leukocyte pipet, and counting is performed in a hemocytometer chamber. 
 
Normal values:  60-150 million/mL 
 
Counts less than 20 million/mL are distinctly abnormal, but no sharp cutoff exists where infertility begins. 
Counts over 300 million/mL are associated with increased incidence of infertility. 
 
The "sperm count" is frequently the only parameter utilized for evaluation of the "completeness" of a 
vasectomy. Precision of this technique is poor. 
 
Motility: 
 
Technique: A drop of liquefied semen is placed on a slide, covered with a coverslip and at least 200 
spermatozoa are observed for motility. The microscope stage be maintained at body temperature (37o C). 
 
Normal: 
 Nonmotile: <20% (Motile: > 80% initially) 
 Sluggish:  <20% 
 Progressive motility: >60% within three hours of collection. 
 
  Motile forms decrease approximately 5% with every hour elapsed from collection. 
 
Morphology: 
 
Technique: Examine stained smear (Papanicolau) and perform differential count of normal and abnormal 
forms. 
 
Normal: > 70% normal forms. 
 
Abnormal forms are characterized as: large, small, tapering, amorphous, bicephalic, double-tailed, constricted 
head, short tails, and/or immature. 
 
Formed elements other than spermatozoa: crystals, leukocytes, macrophages, erythrocytes, bacteria, 
trichomonas, usually signify inflammation. 
 
The most frequently encountered change associated with infertility is reduced motility and an increase in 
abnormal forms. Variation in volume and numbers seems less important. 
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LABORATORY EXAMINATION OF AMNIOTIC FLUID 
 
The mechanism of the production of amniotic fluid is poorly understood. Amniotic water is in dynamic 
equilibrium with both fetal and maternal blood. Near term 500 mL of water in the amniotic fluid is exchanged 
per hour. The solutes are exchanged at a slower rate. At midterm, amniotic fluid contains from 0.5 to 1.0 g of 
protein/dL, and as compared to plasma levels, 1/3 less calcium and magnesium, 90% less copper and iron and 
almost the same amount of sodium and potassium. Bilirubin in amniotic fluid is considerably lower than the 
plasma levels, consisting almost exclusively of the unconjugated type, which is protein bound, even if the fetus 
is capable of conjugating bilirubin. 
 
Towards term the concentration of most solutes decreases, the protein content falling below 100 mg/dL, but 
uric acid, creatinine and lecithin increase. Uric acid and creatinine determinations had previously been used to 
assess fetal renal maturity. 
 
Tests of clinical significance on amniotic fluid are directed toward 1) assessment of fetal lung maturity; 2) the 
presence and severity of erythroblastosis fetalis; and 3) genetic abnormalities. 
 
 
I. Tests for fetal maturity: 
 
 Lecithin-sphingomyelin ratio (L:S ratio) 
 
 The rapid assessment of fetal lung maturity (FLM) is critical for managing high-risk obstetric patients. 

The question that the physician is asking, when FLM is evaluated, is "what is the probability of the infant 
developing respiratory distress syndrome (RDS) if I induce delivery at this time?" 

 
 Basic physiology. During the first two trimesters of development, there is little pulmonary  

surfactant in the amniotic fluid. The type II pneumocytes begin secreting large quantities of surfactants 
during the last trimester. Initially in the third trimester there are equivalent quantities of lecithin (L) and 
sphingomyelin (S). Lesser quantities of other phospholipids, such as phosphatidylinositol (PI) and 
phosphatidylglycerol (PG) are present. At 33 to 34 weeks gestation there is a rapid increase in the L 
content of secreted surfactant, while S content begins to slowly decrease. This results in a rapid increase 
in the L/S ratio, the basis of the first widely accepted test for FLM. At 35 to 36 weeks there is a very 
rapid increase in PG content. 

 
 Biochemical Methods 
 
 L/S ratio. This was the first broadly accepted test for FLM assessment. The assay is based upon the 

isolation of phospholipids from the amniotic fluid and subsequent separation by thin-layer 
chromatography (TLC). Charring allows visualization of the L and S content and reflectance 
densitometry allows determination of the relative quantities. A ratio of 2 or more is indicative of a mature 
fetal lung and is not associated with RDS. The problem is that the assay is among the most labor and 
skill-intensive methods employed in a clinical laboratory and requires approximately 3 hours to complete. 
In addition, lecithin and sphingomyelin exist in all cell membranes. Whole blood has an L/S ratio of 1.5 
and its presence (e.g., after a traumatic tap) may artifactually lower the ratio. Diabetic patients cannot be 
assessed with this method as high L/S values (well in excess of 2.0) are often present in diabetics who 
may develop severe RDS. In these cases PG is measured. 
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 PG content. The increase in PG content in amniotic fluid is a relatively late event, and when PG content 

represents 3% (or more) of total phospholipid the fetal lungs are mature. Initially, the assessment of PG 
content required the use of two-dimensional TLC. Currently commercial kits are available which allow 
detection by either latex agglutination (antibody based) or an enzymatic approach. The latex 
agglutination assay is more prevalent due to its simplicity and rapidity.  The test is reported as either "PG 
detected" or "PG absent." When PG is detected, the risk of RDS is minimal. 

 
 Biophysical Methods 
 
 The role of pulmonary surfactant is to reduce surface tension and prevent alveolar collapse. Therefore, a 

variety of approaches involves measuring directly or indirectly the surface tension of the amniotic fluid. 
Among the many methods are (1) optical absorbance at 650 nm, (2) surface tension (falling drop)  
(3) foam stability, and (4) microviscosity. The first three are no longer commonly used. 

 
 Microviscosity by fluorescence polarization. This fluorescence polarization assay (FPA) is based on the 

principle that, upon addition of an exogenous fluorophore to amniotic fluid, the degree of fluorescence 
depolarization produced by the amniotic fluid correlates with FLM. This type of FLM assay (often called 
the TDx FLM after the first commercial kit) is relatively inexpensive, fast, accurate, highly reproducible, 
and correlates well with the L/S ratio and PG content. In addition, this assay can be used with diabetic 
high-risk obstetric patients, although a different cutoff value for FLM is required. For these reasons, this 
approach has become the preferred approach for initial assessment of FLM at many medical centers. A 
major problem with the assay, however, is that the presence of blood or meconium interferes with the 
test. 

 
 Approach to FLM determination 
 
 The initial approach is to determine if there is blood or meconium present. If they are present, then the 

AF is sent for L/S testing by two-dimensional thin-layer chromatography.  
 
 If no meconium or blood is present, then the AF is sent for the FPA. 
 If the patient is diabetic, a value above 90 (mg surfactant/g albumin) is considered "mature." 
 If the patient is not diabetic, a value above 55 (mg surfactant/g albumin) is considered "mature." 
 
 AF for which an "immature" value is obtained by FPA is then tested for PG content, as a small 

percentage of AF samples will have detectable PG (indicating FLM), but low FPA or L/S values. If PG is 
detected, then the fetal lung is considered "mature," and, if it is not detected, then it is considered 
"immature." 

 
II. Diagnosis and monitoring of erythroblastosis fetalis: amniotic fluid absorbance 
 
 In normal pregnancy a small concentration of unconjugated (indirect) bilirubin is present in the amniotic 

fluid, and this concentration falls as term is approached. In erythroblastosis fetalis (e.g., due to Rh-
incompatibility), however, the bilirubin concentration increases with time as the hemoglobin liberated by 
the hemolytic process is converted to bilirubin. Due to fetal hepatic immaturity all bilirubin is generally 
of the unconjugated type and is bound to albumin. When the bilirubin concentration is so high that the 
binding capacity is exceeded, the free unconjugated bilirubin can penetrate the brain and produce 
kernicterus. Hence, the assessment of the presence and severity of erythroblastosis fetalis relies heavily 
on the monitoring of bilirubin in the amniotic fluid.  Although unconjugated bilirubin is not water-
soluble, the concentration of albumin in amniotic fluid is sufficient to bind to the unconjugated bilirubin, 
keeping it in solution. 
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 Sensitization of Rh-negative pregnant women is due to exposure to Rh-positive fetal blood which can 
gain access to the maternal circulation.  Although this antigenic challenge is generally small, it may be 
sufficient in some women to provoke an antibody response.  A much larger antigenic exposure may result 
from disruption of the integrity of the fetal compartment during spontaneous or induced abortion, ectopic 
pregnancy, or delivery. 

 
 When a sensitized woman has another Rh-positive pregnancy, the antibodies (usually of the IgG class) 

can readily cross the placenta and can cause destruction of fetal erythrocytes leading to production of 
bilirubin.  Repeated exposure during pregnancy or delivery leads to an augmented response and to more 
severely affected subsequent pregnancies. 

 
 Sensitization can usually be prevented by intramuscular administration of anti-Rho (D) immune globulin 

(RhIg, RhoGAM, Ortho Diagnostic systems) which inactivates the potentially stimulating immunogens.  
A small number of sensitized pregnancies, however, continue to occur despite immunization, and in 
pregnancies in which immunization has not been performed. 

 
 Determination of Bilirubin 
 
 Although bilirubin in serum is measured colorimetrically by diazotization methods, bilirubin in amniotic 

fluid is monitored by direct visible scanning spectrophotometry of a centrifuged specimen. 
 
 Direct spectrophotometry is utilized for the following reasons: 
 
 1. It is much more rapid than "wet" chemical methods; 
 2. The presence of substances other than bilirubin (e.g., hemoglobin) can be inferred from the shape of 

the visible spectrum (Figure 1). 
 3. There is analytical interference in chemical methods by amniotic fluid 
 
 Bilirubin in serum is not determined by scanning spectrophotometry due to the presence of other 

interfering compounds in serum. 
 
 The bilirubin content obtained by visible spectrophotometry is expressed as absorbance. The absorbance 

(formerly optical density or "O.D.") of bilirubin at its wavelength of maximum absorption (450 nm) is 
measured and corrected for background absorbance by subtraction of a constructed tangent baseline 
(Figure 1). Hence the term "delta A" (or "delta O.D."). 

 
 Bilirubin is highly photosensitive, and this is particularly true in amniotic fluid, in which concentrations 

are generally low and in which few cells are present to protect the bilirubin from light. Hence amniotic 
fluid for bilirubin measurement must be protected from light by collecting it into an amber-colored tube 
or (preferably) by wrapping the tube with aluminum foil or masking tape. 

 
 Frequently hemoglobin may be present in amniotic fluid concurrently with bilirubin due to the ongoing 

hemolytic process (hemoglobin of fetal origin) and/or to repeated amniocentesis (hemoglobin of maternal 
origin). Since the so-called "Soret band" of hemoglobin (410 nm) is near the absorbance band of bilirubin 
(450 nm) (Figure 1), substantial positive interference can occur in the determination of absorbance. 
Therefore, whenever hemoglobin is noted in the initial scan of the fluid, the fluid is extracted with an 
equal volume of chloroform. Since the bilirubin is highly soluble (nearly 100% recovery) in chloroform 
and hemoglobin is insoluble in chloroform, the chloroform extract will contain only bilirubin. Since a 
volume of chloroform equal to that of the amniotic fluid is used, the absorbance of bilirubin in the 
chloroform extract will be equal to that in the original amniotic fluid, free from interference by 
hemoglobin (Figure 1). 
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 Amniotic fluid absorbance values are interpreted by plotting them semilogarithmically on a "Liley-
Prognostication Chart", which contains weeks of gestation on the abscissa (linear axis) and absorbance 
on the ordinate (logarithmic axis). The chart is divided into three zones: "zone C - very severely affected 
babies" (zone of severe hemolysis), "zone B - indeterminate zone," and "zone A - unaffected babies" (no 
hemolysis). Persistence of values in the severely affected zone may induce the clinician to perform 
intrauterine transfusion or (if the fetus is determined to be viable by the tests previously described) to 
induce labor. Frequently exchange transfusion is performed at birth in such situations. A plot of serial 
amniotic fluid absorbance is shown in Figure 2. 

 
III. Diagnosis of Genetic Abnormalities 
 
 Sufficient cells can be recovered from amniotic fluid to permit culture and subsequent karyotyping for 

such abnormalities as Down syndrome (trisomy 21). In addition, sex of the fetus can be determined 
(important in certain X-linked disorders when one or both parents are affected). 
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Figure 1:  Determination of Amniotic Fluid Absorbance (30 weeks gestation). 
 
(A) Upper = Visible spectrum of unextracted amniotic fluid (Note the absorption band of bilirubin at 450 nm 

and the interfering Soret band of hemoglobin at 410 nm). 
 
(B) Lower = Visible spectrum of chloroform extract of same amniotic fluid (Note the single absorption band of 

bilirubin at 450 nm, free from hemoglobin interference). 
 
Absorbance = 0.11 ("indeterminate zone" of Liley chart). 
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LILEY AMNIOTIC FLUID PROGNOSTICATION CHART 
 

 
 
 Figure 2.  Determination of Amniotic Fluid Absorbance. 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Describe the general treatment of drug overdose (gastric lavage, emesis, activated charcoal, 

charcoal/resin hemoperfusion, hemodialysis, peritoneal dialysis, cathartics, pressor agents, 
cardiac monitoring, support of airway) 

 Describe "zero-order pharmacokinetics" 
 Describe "first-order pharmacokinetics" 
 Define "serum half-life,"" first-pass effect," and "steady-state" 
 Describe the effect of renal function, hepatic function, and enzyme saturation on 

pharmacokinetics 
 Recognize the basic toxicologic features and treatment of poisoning with ethanol, methanol, 

isopropanol, ethylene glycol, aspirin, acetaminophen, tricyclic antidepressants, 
benzodiazepines, opiates, cocaine, amphetamines, barbiturates, phencyclidine, 
hallucinogens, designer drugs, digoxin, carbon monoxide, iron, lead, organophosphates, and 
carbamates 

 Describe the rationale for therapeutic drug monitoring and what advantages it offers 
 Discuss the therapeutic monitoring of phenytoin, theophylline, valproic acid, primidone, 

phenobarbital, carbamazepine, digoxin, aminoglycoside antibiotics (amikacin, gentamicin, 
tobramycin), cyclosporine, sirolimus, tacrolimus, and vancomycin 
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CLINICAL TOXICOLOGY  
A.  KEY TERMS 

Clinical toxicology- The measurement and interpretation of concentrations of drugs and other toxic substances 
in human biological fluids for the purpose of patient care. 
 
Drug abuse screening- The identification of “street” drugs (e.g., opiates, phencyclidine, amphetamines) in 
urine of subjects suspected of abusing these compounds 
 
Emergency toxicology- The laboratory diagnosis of the presence and severity of drug overdose, often in the 
comatose or obtunded patient. 
 
Forensic toxicology- The measurement of drugs and toxins in tissues for medicolegal purposes (e.g., 
determining cause of death). 
 
Therapeutic drug monitoring (TDM) - The determination of whether plasma drug levels are therapeutic, 
subtherapeutic, or toxic so that dosages may be adjusted accordingly. 
 
Toxicology- The analysis and study of harmful compounds in biological materials. 

B.  BACKGROUND/SIGNIFICANCE 
• There are over 2 million human exposures reported to poison control centers each year and 25% of 

these cases are seen in a health care setting. Many poisonings are accidental and the majority involve 
children. Most cases of poisoning require supportive therapy only, but in select cases effective 
antidotes are available and can be life-saving. Depending on the clinical setting, clinicians often play a 
key role in treating patients after a toxic exposure. In overdose cases it is important to share with the 
toxicology laboratory the clinical history in order to allow a time-saving "directed" drug search. 

 
Sample types to submit for the overdosed patient  

• Blood (whole blood or serum depending on analyte) is preferred whenever drug concentrations can be 
correlated with effects. Quantitative analysis allows for interpretation of degree of toxicity for some 
compounds. 

• Urine specimens are preferred when the concentration in blood is too low for detection due to 
extensive metabolism and clearance of the drug (e.g., many drugs of abuse). For most compounds 
only qualitative analysis is performed. 

• Gastric fluid (available from lavage or emesis) is most useful for identifying the parent drug in 
overdose cases or if other fluids are not available or are not diagnostic. Qualitative analysis often 
identifies parent drug. 

• Pills, capsules, tablets, powders found with the patient. 
 
Drug Screen 

• There is no universal drug screen. 
• Important to communicate with the laboratory in order to understand what is covered in that particular 

laboratory’s “drug screen.” 
• One out of every four drug screens detects at least one drug unsuspected from the clinical history. 
• One out of every six drug screens detects only drugs unsuspected from the history. 
• Screens may identify drugs for which specific treatment protocol exists (e.g., acetaminophen, 

digoxin). 
• A "negative" toxicology report in overdose cases indicates the need to search for other causes of 

altered physical or mental status. 
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Figure 1. 

General treatment of drug overdose 
• Comatose patients ABCD (Airway, Breathing, Circulation and Drugs). 
• Supportive care alone (emesis, lavage, intravenous fluids, activated charcoal, cathartics, pressor 

agents, cardiac monitoring). 
• Antidote if available and indicated. 
• Rarely: peritoneal dialysis, hemodialysis, or hemoperfusion. 

C.  PHARMACOKINETICS 

1.  DEFINITION:  

A mathematical description of the time course of a drug 
concentration in a patient   

• Provides a framework for interpreting quantitative drug 
concentrations 

2.  IMPORTANT CONCEPTS FOR TOXICOLOGISTS 

A.  Zero-order kinetics: a constant amount of the drug is eliminated 
in a unit of time 

• Good example is ethanol 
• Can apply to drugs in an overdose situation when metabolic enzymes become saturated 

 
B.  First-order kinetics (Figure 1): a constant percent of the drug is eliminated in a unit of time 

• Most drugs follow first-order kinetics 
 

C.  Serum half-life: time required for serum concentrations to decrease by one half 
• Only applies to first-order kinetics 

 
D.  First-pass effect: applies to drugs which are cleared by the liver before reaching systemic circulation 

 
E.  Steady-state: applies to repeated dosing and is reached in about 4 half-lives  

3.  FACTORS WHICH CHANGE PHARMACOKINETICS 

A.  Renal Function 
• Since many drugs are cleared by the kidneys it is often important to monitor creatinine clearance as an 

indicator of renal function. 
  
B.  Hepatic Function 

• Some drugs can induce liver enzymes (e.g., barbiturates) and decrease half-lives of other drugs 
• Some drugs competitively inhibit metabolism of other drugs (e.g., cimetidine and coumarins) and thus 

increase the half-lives of the other drugs 
 
C.  Saturation kinetics 

• In an overdose situation primary metabolic routes become overloaded, half-lives no longer apply, and 
excretion becomes zero-order. 

• Secondary metabolic routes can form toxic metabolites (e.g., acetaminophen) 
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D.  RECOGNITION OF SPECIFIC TOXIC EXPOSURES 

1. ETHANOL 

• Potent central nervous system depressant. 
• Most frequently encountered and often most significant drug in toxicology cases. 
• Effects vary with concentration; generally higher cortical functions (thought processes) are affected 

first followed by more basal functions (breathing). 
• Common cause of hyperosmolality in emergency room patients. 
• Disulfiram (Antabuse) inhibits ALDH (Aldehyde dehydrogenase) causing a buildup of acetaldehyde 

which causes unpleasant effects (flushing, nausea, vomiting, etc.). 
• Ethanol metabolism follows zero-order kinetics and for normal people is from 0.01 to 0.02% w/v/hr 

but can be induced to 0.03% w/v/hr. 
• Legal legal for intoxication (California): blood ethanol, 0.08% (80 mg/dL) (variable clinical effects) 

 
Figure 2. Ethanol metabolism 

 
ADH = Alcohol Dehydrogenase; ALDH = Aldehyde Dehydrogenase 

2. METHANOL 

• Toxicity is characterized by profound metabolic acidosis (uncouples oxidative phosphorylation and is 
metabolized to formic acid). 

• Metabolites also cause blindness. 
• As little as 30 mL can be fatal. 
• Sources: wood alcohol, de-icers, sterno 
 

Figure 3. Methanol metabolism 

 
ADH = Alcohol Dehydrogenase; ALDH = Aldehyde Dehydrogenase 

Treatment 
• Administer ethanol by drip until patients have ethanol concentrations of 100 to 150 mg/dL. Ethanol 

competitively inhibits metabolism of methanol at ADH step 
• Also can administer 4-methylpyrazole to inhibit alcohol dehydrogenase 
• Methanol can then be removed by dialysis (if > 50 mg/dL) 

3. ISOPROPANOL  (RUBBING ALCOHOL) 

• Generally considered to have twice the CNS depressant effect as an equivalent dose of ethanol 
• Metabolized to acetone 
• Upper GI bleeding 
• Belching  



 

 224

Figure 4. Isopropanol metabolism 
                                   NAD+                NADH 

 

             CH3CHOHCH3                         CH3COCH3 
     

    Isopropanol                     ADH                      Acetone               
 

ADH = Alcohol Dehydrogenase 

4. ETHYLENE GLYCOL (PRINCIPLE ANTIFREEZE INGREDIENT) 

• Same CNS depressant effects as ethanol but has toxic metabolites 
• Progressively oxidized to glycolic acid and oxalic acid, causing myocardial depression and renal 

necrosis, respectively 
• Serious toxicity at concentrations just detected by osmolal gap 
• Hypocalcemia (due to calcium depletion by oxalic acid; calcium oxalate nephropathy) 
 

ADH = Alcohol Dehydrogenase; ALDH = Aldehyde Dehydrogenase 

A.  Three stages of ethylene glycol intoxication 
• CNS depression  (1-12 hours) 
• Cardiac toxicity  (12-24 hours) 
• Renal toxicity  (24-72 hours) 
 

B.  Treatment of ethylene glycol intoxication 
• Administer intravenous ethanol to inhibit formation of toxic metabolites by competitive inhibition of 

ethylene glycol metabolism at ADH step 
• Also can administer 4-methylpyrazole to inhibit alcohol dehydrogenase 
• Ethylene can then be removed by hemodialysis. 
• Bicarbonate for metabolic acidosis. 
• Ca++ replacement if necessary. 

5. SALICYLATE (ACETYLSALICYLIC ACID,ASPIRIN) 

• Analgesic, antipyretic and anti-
inflammatory. 

• Toxicity characterized by metabolic and 
respiratory acidosis, preceded by 
respiratory alkalosis (Figure 6). 

• Common symptoms include: tinnitus, 
hyperthermia, hyperventilation, CNS 
disturbances 

• Acute overdoses are generally suicidal  
• Chronic toxicity may occur at lower 

serum salicylate levels than in overdose   

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 5. Ethylene Glycol 
metabolism  
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Treatment for salicylate overdose 
 
Hydration, glucose, potassium supplements,  
bicarbonate, hemodialysis 

 
Stimulation of Medulla 
(350 mg/L) Metabolic Acidosis 
 1.  Salicylates and other organic acids 
 2.  Impaired renal fxn 

3.  Uncouple oxidative 
phosphorylation (increased organic 
acids) 

Hyperthermia and 
Respiratory Alkalosis 
 
 
Renal excretion 
of bicarbonate 
 
 ACIDOSIS 
 
Respiratory Depression 
(Acidosis) 
 

Figure 6.  Salicylate Acid/Base Disruption 
 
 

Figure 7.  Nomogram for prediction  
of acetaminophen hepatoxicity 
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6. ACETAMINOPHEN (TYLENOL) 

• Analgesic and antipyretic, not anti-inflammatory 
• Peak concentrations about 4 hours post-ingestion (for prediction of toxicity need to evaluate at this 

time;  if > 200 μg/mL, hepatotoxicity is likely) (Figure 7) 
• Normal half-life of 2-3 hours; if > 4 hours, hepatic toxicity is likely; if > l2 hours, hepatic coma is 

likely 
• Single acute threshold for liver damage in adults is in the range of 150 to 250 mg/kg. Children under 

age of 10 are more resistant to toxicity than adults. 
 
 
 

 
Acetaminophen toxicity:  
 
The primary route of metabolism of acetaminophen is 
glucuronidation or sulfation, with some also being 
metabolized to imidoquinone, a toxic intermediate.  
Normally the imidoquinone is inactivated by 
conjugation with glutathione.  In an overdose 
situation all the glutathione is used up, and the 
imidoquinone reacts with surrounding hepatocytes 
causing liver failure.  N-acetylcysteine (Mucomyst) is 
the antidote and functions by serving as the substrate 
instead of glutathione and hepatocytes. 

Figure 8. 

 
MFO = mixed function oxidase                 

 
A.  Stages of acetaminophen toxicity which develop over several days 

• GI distress (0 to 8 hours post ingestion): nausea, vomiting, malaise 
• General well being (0 to 24 hours post ingestion) 
• Liver toxicity (8 to 36 hours post ingestion); severe overdose leads to fulminant hepatic failure 
• Recovery (days to weeks post dose): liver transaminases return to normal in 5-7 days; complete 

resolution takes weeks. 
 

B.  Treatment for Acetaminophen Overdose 
• Activated charcoal (if patient presents early) 
• N-acetylcysteine is the antidote.  
• Functions by binding the toxic metabolic imidoquinone intermediate.  
• N-acetylcysteine, if given early can completely prevent liver failure and death. 
• N-acetylcysteine administration is indicated in patients with acetaminophen concentrations above the 

nomogram treatment line, or with elevated AST, prolonged serum acetaminophen half-life, and 
history suggestive of significant acetaminophen overdose. Patients with concentrations above the 
Rumack-Matthew line are at increased risk of hepatotoxicity. 

7. TRICYCLIC ANTIDEPRESSANTS 

• Overdoses are monitored by EKG (better than blood concentrations, which do not correlate well with 
myocardial toxicity); prolonged QTc, widened QRS, arrhythmias 

• Death due to cardiac arrest 
• Effects include muscarinic blockade, block of reuptake of norepinephrine, alpha adrenergic blockade, 

and membrane stabilization, all combining to give arrhythmias 
• Selective Serotonin Reuptake Inhibitors (SSRI) have greatly decreased use of tricyclic 

antidepressants, but they are used if patients fail to respond to SSRI. 
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8. BENZODIAZEPINES 

• Anxiolytic/sedative/hypnotic depending on dose 
• Frequently encountered; almost never fatal unless combined with other CNS depressants (if coma is 

present look for other drugs as well, especially ethanol) 
• Antidote is flumazenil, which is a competitive antagonist 
• Flumazenil is contraindicated when patients co-ingest tricyclic antidepressants due to potential for 

precipitation of seizures. 

9. OPIATES 

• Triad of coma, decreased respiration, and pinpoint pupils suggests opiate overdose 
• Naloxone is competitive antagonist; administer 0.4 to 2 mg iv every 2-3 min until improvement (up to 

10 mg). If no improvement is observed, consider another diagnosis. Important to remember that 
naloxone has a shorter half-life than other opiates. Patients can improve dramatically and want to be 
discharged, but should be reevaluated after 24-48 hours. 

• This class of drugs includes: morphine, codeine, hydrocodone,  and hydromorphone as well as others. 

10. COCAINE  (“COKE,” “CRACK”) 

• Routes of administration: insufflated (snorted), smoked (free base), intravenous, and oral (buccal 
mucosal)  

• Mechanism of action is blockade of norepinephrine reuptake and blockade of fast sodium channels; a 
local anesthetic effect. 

• Toxicity is due to excessive norepinephrine, beta-1 receptor activation (increase in heart rate, 
contractility and conduction velocity), and alpha-1 receptor activation (vasoconstriction, increase in 
blood pressure and ischemia), leading to unidirectional heart block and reentry, coronary artery 
disease, and myocardial infarctions  

• Can become tolerant to stimulant effects, but not local anesthetic effects, which can cause complete 
heart block. 

• Usually detected as inactive metabolite benzoylecgonine in urine specimens 
• Active metabolite ethylbenzoylecgonine (cocaethylene) formed by transesterification with ethanol, if 

present; longer serum half-life than parent drug 
 
Treatment of cocaine overdose 

• Stabilize the patient. If the patient reaches the hospital alive, prognosis is good due to rapid 
metabolism of cocaine by hepatic carboxyl- and serum esterases 

• IV diazepam for agitation and seizures 
• Ice baths for hyperthermia 

11. AMPHETAMINES 

• Methamphetamine (“Crystal,” “Speed”) very prevalent in San Diego ("Meth Capital of the World") 
• Routes of administration include: smoking (free base form), intravenous, and oral 
• Mechanism of action is to release catecholamines from synaptic vesicles, blocking reuptake; some 

direct effects on CNS receptors 
• Toxicity includes hypertension, arrhythmias, agitation, hyperthermia, and paranoia 
• Street grade often contaminated with adulterants (ephedrine, phenylpropanolamine, from which 

methamphetamine can be synthesized) 
• Death usually not immediate but several hours after administration 
• Treatment is supportive 
• Methamphetamine metabolized to amphetamine 
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12. BARBITURATES 

• Older sedative/hypnotic with high addictive potential 
• Different kinetics for individual barbiturates are important; short-acting (pentobarbital, secobarbital) 

are more potent than long-acting (phenobarbital) 
• Necessary to identify type to interpret blood barbiturate concentrations 
• Not seen very often anymore (used to be a major concern), as benzodiazepines have replaced them as 

sedative/hypnotics 
• Death due to respiratory arrest 

13. PHENCYCLIDINE (“PCP,” “ANGEL DUST”) 

• Localized to certain region of the country (e.g., Washington D.C.) 
• A dissociative veterinary anesthetic 
• Patients can be very combative (treat with major tranquilizer such as haloperidol) 
• Positive drug screen results should be confirmed by gas chromatography/mass spectrometry due 

to the low prevalence of this drug 

14. HALLUCINOGENS (E.G., LSD, MESCALINE, MARIJUANA) 

• Not detected by most routine toxicology screens 
• Generally not very toxic, behavioral toxicity more common (i.e., dangerous behavior) 
• Analysis of powders, drug-impregnated papers, pills sometimes useful in helping determining type of 

exposure 

15. DESIGNER DRUGS (E.G., FENTANYL ANALOGS, AMPHETAMINE ANALOGS) 

• Originally synthesized to bypass Drug Enforcement Administration (DEA) regulations 
• Fentanyl analogs caused several deaths due to potency (e.g. “China White,” alpha-methylfentanyl); 

can be treated with naloxone 
• Methylenedioxyamphetamine (MDA) and methylenedioxymethamphetamine (MDMA) (“Ecstasy,” 

XTC) are amphetamine analogs with similar toxicity, yet cause long term toxicity to serotonin- 
containing neurons. 

• Designer meperidine (Demerol) analogs caused severe Parkinson’s disease due to formation of a toxic 
compound when the synthetic reaction temperature and pH were not correct 

16. DIGITALIS (DIGOXIN) 

• Cardiac drug with narrow therapeutic index, used to treat congestive heart failure (not a first line drug) 
• Inhibits sodium/potassium ATPase and increases force of contraction 
• Toxicity is characterized by A/V block, nausea/vomiting 
• Overdose treated with digoxin FAB antibody fragments (Digibind) which inactivate digoxin 
• FAB fragments can crossreact with immunoassays designed to detect digoxin, so interpretation of 

laboratory values when giving Digibind can be confusing. 
• Monitor digoxin and serum K+ concentration (K+ increases with toxicity due to inhibition of 

sodium/potassium ATPase). 

17. CARBON MONOXIDE  

• The most common cause of fatal chemical poisoning (primarily due to smoke inhalation) 
• Colorless, odorless, tasteless gas 
• Has 240 times the affinity for hemoglobin than oxygen (yields carboxyhemoglobin, COHb) 
• Normal nonsmokers, 1-2% COHb; smokers, 5-6% COHb 
• Treatment is fresh air, 100% O2, and hyperbaric oxygen for severe exposure 
• Concentration effect (Table 1) 
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Table 1. Blood Carbon Monoxide - Concentrations and Effects 
 

% COHb Effect* 
10 Shortness of breath with vigorous exercise, dilation of cutaneous vessels 
20 Shortness of breath, headache 
30 Irritability, dizziness, nausea 

40-50 Confusion, collapse 
50 -70 Syncope, coma 
70-80 Death 

* Greatly dependent on degree of activity 

18. IRON 

• Most cases are due to children ingesting vitamin preparations with iron 
• Causes metabolic acidosis by a complex mechanism involving uncoupling of oxidative 

phosphorylation, renal failure, and formation of unbuffered hydrogen ions when iron is hydrated 
• Overdoses cause gastrointestinal corrosion.  

 
A.  Iron Toxicity often has 4 phases 

• Stage I  (Immediate effects): vomiting, diarrhea, abdominal pain, metabolic acidosis, hyperglycemia 
• Stage II (6 to 24 hours post ingestion): hypovolemia, hypotension, metabolic acidosis; serum 

concentrations may not have peaked yet.  
• Stage III (12 to 24 hours post ingestion): multiple organ failure (GI, CNS, hepatorenal, 

coagulopathies, hypoglycemia); fulminant hepatic failure occasionally seen.  
• Stage IV (4-6 weeks post ingestion): gastric scarring and pyloric obstruction 

 
B.  Treatment for Iron Poisoning 

• Serial monitoring of serum iron. Maximum concentrations can occur up to 24 hours post-ingestion. 
• Obtain creatinine, electrolytes, hemoglobin, prothrombin time, liver function tests, and arterial blood 

gases. A positive radiograph confirms diagnosis, but a negative radiograph does not exclude overdose. 
• Calculate elemental iron dose ingested. Between 20 and 60 mg Fe/Kg poses moderate risk; > 60 

mg/kg has high risk for toxicity. 
• If serum iron < 350 μg/dl and no symptoms, do not give deferoxamine; use supportive care 
• If serum iron > 300 μg/dl and symptomatic, give deferoxamine (15 mg/kg/hr) by continuous 

intravenous infusion 
• Deferoxamine chelates iron into a form that is rapidly excreted unchanged into urine (half-life of 6 

hrs), imparting a “vin rose” color to the urine 
 

19. LEAD 

       Common features 

• Multisystemic signs and symptoms include headache (in severe cases encephalopathy), abdominal 
pain, anemia, and, less commonly, gout, motor neuropathy, and renal insufficiency.  

• Subclinical effects in children include neurocognitive deficits, growth retardation, and developmental 
delay.  

• Laboratory tests may show anemia and basophilic stippling (chronic lead intoxication); definitive 
diagnosis is made by elevated blood lead concentration. 

• Concentration effect (Figure 9) 
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Lead Summary 
• One of the most common devastating environmental diseases of young children 
• Demyelinates nerve fibers causing peripheral neuropathy (wrist drop) and encephalopathy 
• Causes decreased IQ and developmental disturbances in children 
• Inhibits Fe incorporation into heme, and thus increases free erythrocyte protoporphyrin (FEP) which 

has been used to monitor exposure; however, FEP generally is not as sensitive and certainly not as 
specific as blood lead concentrations 

• Complex cellular toxicity of lead due to interaction with calcium in cellular signaling leading to 
neuropathies as well as hypertension 

• Chronic lead poisoning causes hypochromic anemia, with basophilic stippling. 
• Whole blood lead concentrations are used to triage patients, as 99% of circulating lead is in the red 

cells 
• 90% of adult body burden of lead is stored in bone 

Treatment of  Lead Poisoning  
• Optimal treatment of lead intoxication combines decontamination, supportive care, and judicious use 

of chelating agents 
• Centers for Disease Control and Prevention chelation therapy for children with blood lead > 45 ug/dL 

. Adults with elevated blood lead and symptoms of lead toxicity should receive chelation therapy 
• Chelation therapy includes CaNa2-EDTA (Versenate) intravenous; the lead chelate is excreted into 

the urine  
• Some clinicians advise including dimercaprol (BAL) 3–5 mg/kg IM with EDTA therapy 
• Monitor blood lead 24-48 hours after chelation to monitor for rebound lead concentrations 
• Multiple rounds of chelation therapy are often necessary  
 

Figure 9.  Effects of lead in children correlated with blood lead concentrations 
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20. ORGANOPHOSPHATE OR CARBAMATE OVERDOSE 

• Used as insecticides 
• Cholinesterase inhibition; measure serum cholinesterase (acute exposure) or erythrocyte 

cholinesterase (chronic exposure) 
• Patients present with SLUD (salivation, lacrimation, urination, and defecation) due to excessive 

cholinergic stimulation 
• Treat with atropine until drying of pulmonary secretions 
• Pralidoxime can be used with atropine for severe organophosphate poisonings (functions by 

reactivating cholinesterases; best if given within 24 hours) 
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CASE 1:  

A 23 year old man presented to the Emergency Department smelling of alcohol and in an incoherent state with 
significant ataxia. His initial laboratory findings included: 
 
Lab Result 

Arterial pH 6.85  
Arterial pCO2  14  mm Hg  
Lactic acid 30.3 mmol/L 
Plasma Ethanol 217 mg/dL 
Glucose  63 mg/dL  
Sodium 129 mmol/L  
SUN 30 mg/dL  
Osmolality  376 mOsm/kg  
Calcium 8.2 mg/dL 
Potassium 4.3 mmol/L 
Chloride 78 mmol/L 
HCO3

- 5 mmol/L 
 
 

1. Calculate this patient’s osmolal gap. 
 
 
 
 

2. What are common causes of elevated osmolality? 
 
 
 
 

3. Calculate this patient’s anion gap. 
 
 
 
 

4. What potential toxin could explain these results? 
 
 
 
 

5. What additional laboratory tests would you like to order? 
 
 
 
 

6. What therapeutic options would you suggest? 
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CASE 2: 

 
A middle-aged man is brought to the Emergency Department ataxic and dysarthric with the strong odor of 
alcohol on his breath. The blood ethanol concentration is reported to be 130 mg/dL (0.13%), and the serum 
osmolality is found to be 320 (nl 275 - 298). The man is monitored until he is ambulatory and is then 
discharged. 
 
1. How do you interpret the blood ethanol concentration? 
 
 
 
 
 
2. Does the blood ethanol concentration explain the ataxia and dysarthria? 
 
 
 
 
 
3. Why is the serum osmolality elevated? 
 
 
 
 
 
 
4. How long will it take for the patient's blood ethanol to decline to less than 100 mg/dL (0.10%)? 
 
 
 
 
 

CASE 3: 

 
A 17-year-old heroin addict lapses into coma shortly after "shooting up." After arrival at the Emergency 
Department he suffers a respiratory arrest. Following successful resuscitation of the patient, his pupils are 
noted to be miotic, and he has shallow respirations. After administration of four ampules of naloxone, the 
patient wakes up. His pupils and respirations return to normal, and he quickly becomes ambulatory. He objects 
to staying in the hospital. 
 
1. Is it safe to discharge the patient at this point? 
 
 
 
2. What laboratory tests should be ordered? 
 
 
 
3. Can naloxone be given routinely to the comatose patient? 
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CASE 4: 

 
A 32 year old man with history of depression, alcoholism, hepatitis C, and a past suicide attempt presented at 
20:30 to the Emergency Department with acute Tylenol/Benadryl overdose. The patient reported taking 100 
pills of Tylenol PM (acetaminophen 500 mg and Benadryl 25 mg) at about 20:00.  The admission laboratory 
findings included: 
 
WBC 19.2  x 103 cells/μL with 60% segs, few bands, Hgb 14.1, Hct 41.4 g/dL  
  
Na 141 mmol/L,  K 3.9 mmol/L, Cl 106 mmol/L, CO2 25 mmol/L,  SUN 4 mg/dL, Cr 0.7 mg/dL, Glu 95 
mg/dL, and Ca 8.7 mg/dL. The liver function tests and coagulation studies were within normal limits. 
 
The admission serum acetaminophen concentration was 40 μg/mL. 
 
 

1. How should this patient be treated? 
 

 
 
2. Does this patient’s past medical history have any impact on his therapy? 

 
 
 
      3.   After being in the Emergency Department for 3 hours his acetaminophen concentration rises to 175 
            μg/mL. How do you interpret this concentration using the Rumack diagram and what does this tell you  
            about potential toxicity? 
 
 
 

4.  After being in the Emergency Department for 5 hours his acetaminophen concentration rises to 192 
     μg/mL, and after 10 hours the acetaminophen concentration is 105 μg/mL.What do the excretion 
     kinetics demonstrate with regards to potential acetaminophen toxicity? 
 
 
 
5.  What other laboratory tests should  be monitored in this case? 
 
 

 
 



 

 235

CASE 5 (ADAPTED FROM SOUTHERN MEDICAL JOURNAL • VOLUME 98, NUMBER 2, FEBRUARY 2005): 

An 18-year-old woman who weighed 61 Kg was admitted to a community hospital, 4 to 5 hours after a 
one-time ingestion of approximately 100 ferrous sulfate pills (200 mg of FeS04 per pill). The patient had 
had an altercation with a friend, and the overdose was with suicidal intent. Shortly thereafter, she had 
nausea and one episode of scant hematemesis with epigastric pain and one episode of watery diarrhea. 
The emergency medical service personnel brought her to the hospital after being called by the patient. 
At admission, the patient vomited visible pill fragments. 
 
Laboratory results:      Day 1  Day 2  Day 3  Day 4 
Serum creatinine (normal range, 0.5 – 1.1 mg/dL)      0.7  0.7  0.6  0.4 
Serum bicarbonate (normal range, 22 - 28 mmol/L)    20  19  19  22 
Serum albumin (normal range, 3.3 – 5.0 g/dL)    3.9  3.0  3.0  2.7 
Total bilirubin (normal range, 0.0 – 1.2 mg/dL)    0.3  3.1  2.3  2.3 
Conjugated bilirubin (normal range, 0.0 – 0.2 mg/dL)   0.1  1.6  1.2  1.5 
Alkaline phosphatase (normal range, 35 – 129 U/L)    59  87  84  85 
Serum alanine aminotransferase (normal range, 10 – 45 U/L)   14  4,048  3,618  2,642 
Serum AST (normal range, 10 - 45 U/L)    17  2,417  1,993  630 
PTT (normal range, 24.7 – 35.8 seconds)     34.4  35.3  39.5  33.8 
Prothrombin time (normal range, 12.8 – 14.8 seconds)   14.5  46.3  51.5  38.8 
International normalized ratio (INR)    1.0  5.0  5.8  4.0 
Platelets (normal range, 150 – 400 K/mm3)     225  166  165  164 
White blood cell count (normal range, 3.5 – 10.5 K/mm3)   8.4  7.8  6.9  9.3 
Iron (normal range, 50 - 170 ug/dL)     340  136  219  207 
 
 

1. How much elemental iron did this patient ingest? 
 
 
 

2. Is this a potentially toxic dose of iron? 
 
 
 

3. How should this patient be treated? 
 
 

 
4. How do you interpret her laboratory values on day 2? 

 
 

 
5. How would you expect her serum to appear on day 2? 

 
 
 

6. What other laboratory studies would be indicated? 
 
 
 

7. Is this a typical presentation for an iron overdose? 
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THERAPEUTIC DRUG MONITORING 

A.  KEY WORDS 
Therapeutic Drug Monitoring - A strategy where a patient’s dosing schedule is modified based on 
measurement of serum drug concentrations. 
 
Pharmacogenetics- The study of the hereditary basis for differences in a population’s drug response. 
 
Half-Life- The time it takes for the serum concentration of a drug to decrease by fifty percent. 
 
Mechanism of Action- the biochemical or physical process occurring at the site of action to produce a 
pharmacological effect. 
 
Peak Concentration – The highest serum concentration expected following drug dosing. 
 
Pharmacokinetics- A mathematical description of the time course of a drug in the body, includes processes of 
absorption, distribution, and elimination. 
 
Pharmacodynamics- The processes of interaction of pharmacologically active substances with target sites, 
and the biochemical and physiological consequences leading to therapeutic or adverse effects. 
 
Trough Concentration  - The lowest serum concentration expected following drug dosing. 

B.  BACKGROUND/SIGNIFICANCE 
The value of therapeutic drug monitoring (TDM) as an adjunct to rational drug therapy in patients with various 
diseases has been firmly established. The clinician who monitors a patient's serum drug concentration is in a 
position to know why a patient either is not responding satisfactorily to a particular drug dosage or is 
experiencing side effects to a standard therapeutic dosage of a drug. Without question, TDM has significantly 
improved patient care. For example, more than 80% of all epileptic inpatients can have their disorder 
controlled with a single drug at appropriate dosages if the concentrations of that drug in serum are routinely 
monitored. This contrasts sharply with previous dosage regimens for the epilepsies, which almost invariably 
involved administration of at least two or three drugs to produce the desired anticonvulsant effect. 
 
TDM advantages:  

• Noncompliance can be identified. 
• Individual variations in drug-disposition patterns can be dealt with appropriately. 
• Altered drug utilization as a consequence of disease can be readily identified 
• Compensation can be made for an altered physiological state (e.g., age related changes in 

metabolism). 
• Drug interactions can be identified. 
 

Before ordering TDM, answer the following questions: 
1. What therapeutic information can be derived from this test (e.g., compliance, altered 

pharmacokinetics, toxicity)? 
2. What are the concentrations for therapeutic and toxic effects? 
3. What are the clinical effects  associated with serum concentrations higher or lower than the 

therapeutic range?  
4. Does the drug have a narrow therapeutic range? 
5. What is the specificity of the assay? 
6. What is the time relationship between dose and sample collection? 
7. Does the clinical value of these tests justify their cost? 
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C.  THERAPEUTIC MONITORING OF SPECIFIC DRUGS 

      1.  PHENYTOIN (DILANTIN) 

• TDM necessary because drug often exhibits saturated  (zero-order) kinetics at therapeutic doses 
• Antiepileptic drug; modulates synaptic sodium channels by prolonging inactivation 
• Antiepileptic therapeutic concentrations range from 10 –20 mg/L 
• 90-95% protein bound 
• Apparent half-life 8 to 60 hours (dose dependent) 
• Wide range of time to reach steady-state (5 – 30 days) 
• Time for collection is dictated by reason for monitoring; monitor peak for toxicity (4-8 hours 

after oral dose) and trough (just before next dose) to ensure adequate therapeutic response 
• Dose adjustment is primarily empirical 
• Toxicity characterized by: nystagmus, drowsiness, ataxia, confusion, tremors, and seizures 
• Treat toxicity by limiting drug 
• A common adverse effect with chronic use is gingival hyperplasia (40-50% prevalence)  

      2.  THEOPHYLLINE 

• A methylxanthine used to treat difficult cases of asthma (a third-line therapy) 
• Inhibits cyclic nucleotide phosphodiesterase enzymes (PDEs), leading to an increase in cAMP 

and cGMP; is a competitive antagonist at adenosine receptors, causing relaxation of bronchial 
smooth muscles 

• Causes an increase in circulating concentrations of catecholamines 
• Pharmacokinetics are age dependent (serum half-life about 3.5 hour in children, 8-9 hours in 

adults) 
• Phenytoin and phenobarbital increase theophylline clearance two-fold, thereby lowering serum 

theophylline concentrations 
• Primarily cleared by liver metabolism 
• Therapeutic concentrations are in the range of 10 to 20 mg/L 
• Overdose treated with activated charcoal and hemodialysis or charcoal hemoperfusion 
• Chronic intoxication more severe than acute 
• Toxicity characterized by nausea, vomiting, hypokalemia, hyperglycemia, seizures, tachycardia,  

metabolic acidosis 

      3.  VALPROIC ACID (DEPAKENE OR DEPAKOTE) 

• Antiepileptic drug 
• Inhibits gamma-aminobutyric acid (GABA) transaminase, thereby increasing concentrations of 

GABA 
• Rapidly and completely absorbed after oral administration 
• Peak concentrations occur 1- 4 hours post dose 
• Half-life varies with age (16 hours in healthy adults, 8 hours in children), duration of therapy 

(adult chronic therapy, half-life of 12 hours), and hepatic disease 
• Therapeutic range 50 - 100 mg/L (trough) 
• Concentrations above 100 mg/L are associated with hepatotoxicity and acute toxic 

encephalopathy 
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4.  PRIMIDONE (MYSOLINE) 

• Antiepileptic drug 
• Active metabolite phenobarbital contributes to pharmacological effect, need to measure parent drug 

and phenobarbital 
• Rapidly and completed absorbed after oral dose 
• Serum half-life of about 10 hours 
• Therapeutic range 5 - 12 mg/L (trough) 
• Toxicity includes: nausea, vomiting, dizziness, ataxia, and CNS depression 

 
5.  PHENOBARBITAL 

• Antiepileptic drug 
• Hyperpolarizes GABA  receptor 
• Slowly but completely absorbed (4 to hours peak concentration after oral dose) 
• Long elimination half-life (70 to 100 hrs) 
• Therapeutic range 10 - 40 mg/L (trough) (as antiepileptic drug) 
• Toxicity includes sedation, ataxia, dysarthria, and CNS depression 

      6.  CARBAMAZEPINE (TEGRETOL) 

• Antiepileptic drug but may also be used to treat neuropathic pain 
• Slowly and erratically absorbed 
• Highly protein bound (80%) 
• Elimination half-life changes with duration of therapy (initially 24 hrs, declining to 15- 20 hrs with 

therapy) 
• Therapeutic range 8 - 12 mg/L (trough) 
• Active metabolite carbamazepine-10,11-epoxide accumulates in children 
• Toxicity characterized by blurred vision, nystagmus, and ataxia 
• Toxicity unrelated to dose includes hematological depression (leukopenia, thrombocytopenia and 

aplastic anemia) 

      7.  DIGOXIN (LANOXIN) 

• Cardiac glycoside that inhibits Na/K-ATPase 
• Increases force of cardiac contractions 
• Variably absorbed, 25% protein bound 
• Therapeutic range 0.8 - 2.0 ng/mL 
• Critical that serum is drawn as a trough (at minimum 8 hours post dosing) 
• Toxicity characterized by: nausea, vomiting, green/yellow visual disturbance, premature ventricular 

contractions, ventricular tachycardia, and atrioventricular node block 
• Analytically difficult to measure due to multiple metabolites and cross-reactivity problems 
• Quinidine decreases digoxin renal clearance and also stimulates release of digoxin from myocardium, 

leading to increases in digoxin serum concentrations with potential toxicity 

     8. AMINOGLYCOSIDE ANTIBIOTICS 

• Includes: amikacin, gentamicin, tobramycin 
• Poorly absorbed orally, consequently routinely administered intravenously or intramuscularly 
• Therapeutic concentrations (Table 1) 
• Draw peak to determine therapeutic response, trough for toxicity 
• Toxicity: ototoxic and nephrotoxic 
• Primarily renally cleared 
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       9.  CYCLOSPORINE 

• Effective in suppressing host vs. graft rejection in organ transplants 
• Highly variable absorption 
• Whole blood concentration correlates well with immunosuppression and toxicity 
• Therapeutic range for renal transplant 100 - 300 ng/mL 
• Therapeutic range for cardiac, hepatic and pancreatic transplants 200 - 350 ng/mL 
• Levels exceeding therapeutic concentrations associated with renal toxicity 
• Non-steroidal anti-inflammatory drugs may increase cyclosporine renal toxicity 

 
10. SIROLIMUS  

• Indicated for the prophylaxis of organ rejection in patients receiving renal transplants  
• Inhibits T-lymphocyte activation and proliferation in response to antigenic and cytokine stimulation  
• Sirolimus also inhibits antibody production 
• Recommended that sirolimus initially be used in combination with cyclosporine and corticosteroids 
• In patients with low to moderate immunological risk, cyclosporine should be withdrawn 2-4 months 

after transplantation and sirolimus dose should be increased to reach recommended blood 
concentrations 

• Target trough concentrations (whole blood) 4-12 ng/mL (in combination with cyclosporine) for 
kidney transplants 

• Excreted primarily in feces  
• Elimination half-life of 62 hours 
• Adverse effects include: hypercholesterolemia, hypertriglyceridemia, renal dysfunction, Pneumocystis 

carinii infection, and CMV infection 

   11.  TACROLIMUS  

• Indicated for the prophylaxis of organ rejection in allogeneic liver or kidney transplants 
• Recommended for use concomitantly with adrenal corticosteroids  
• Inhibits T-lymphocyte activation 
• Target trough concentration are 5 - 20 ng/mL (whole blood) 
• Primary route of excretion is fecal (> 90% of dose) 
• Elimination half-life of 48 hours 
• Nephrotoxic (approximately 50% of kidney transplantation patients and 40% of liver transplants) 
• Should not be used simultaneously with cyclosporine 
• Causes mild to severe hyperkalemia (10-40% of patients); therefore should monitor serum potassium 
• Causes neurotoxicity, including; tremor, headache, changes in motor function, mental status, etc.  
• Other toxicities include: hypertension, increased risk of cancer, insulin-dependent diabetes mellitus 

   12.  VANCOMYCIN  

• Complex lycopeptide antibiotic effective against gram positive organisms 
• Ototoxic and nephrotoxic 
• 90% of intravenous dose is excreted renally 
• Target trough concentration 5 – 15 mg/L 
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D.  PHARMACOGENETICS, PHARMACOGENOMICS, AND THERAPEUTIC DRUG 
MONITORING 
• Pharmacogenetics – Determining genetic differences such as those in cytochrome P450 (CYP) 

enzymes responsible for altered bioavailability of drugs in a patient. Three main CYP families 
responsible for most drug metabolism are CYP1, CYP2 and CYP3. Future directions of therapeutic 
drug monitoring will undoubtedly incorporate more genetic analysis of both P450 (CYP) enzymes and 
drug transporter proteins  

• Pharmacogenomics – Using a patient’s single nuclear polymorphisms (SNPs) to determine which 
drugs will provide the optimal response.  

 
FINALLY: Principle of patient "titration" - a caution against rigid adherence  
                    to the so-called "therapeutic range." 
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    TABLE 1.  DATA FOR SELECTED THERAPEUTIC DRUGS 
 

Drug t1/2  (hours) 
Dose Interval 

(hours) 
Therapeutic Range Critical 

See 
notes 

Acetaminophen 1-3 4 10-25 mg/L > 40 mg/L  

Amikacin 2.5 6-8 Peak 20-30 mg/L 
Trough 1-8 mg/L 

> 40 mg/L 1 

Carbamazepine 10-48 8 8-12 mg/L > 15 mg/L  

Digoxin 33-51 24 Trough 0.8-2.0 ng/mL > 2.5 ng/mL 2 

Gentamicin 2 8 Peak 4-10 mg/L 
Trough 1-2 mg/L 

> 12 mg/L 1 

Lithium 19 6-12 0.5-1.5 mmol/L > 2.0 mmol/L  

Phenobarbital 72-100 12 10-40 mg/L > 60 mg/L  

Phenytoin 6-24 8 10-20 mg/L > 25 mg/L  

Primidone 6-12 6-8 5-12 mg/L > 15 mg/L 3 

Salicylate 2-19 4 10-30 mg/dL > 45 mg/dL  

Theophylline 3-9  10-20 mg/L > 30 mg/L  

Tobramycin 2 8 Peak 4-10 mg/L 
Trough 0.5-1.5 mg/L 

> 12 mg/L 

> 5 mg/L 

1 

Valproic acid 8-15 8 50-100 mg/L > 200 mg/L  

Vancomycin 5.0-6.5 6-12 Peak 30-40 mg/L 
Trough 5-15 mg/L 

> 50 mg/L 

> 15mg /L 

1 

 
 Notes: 
 
 1. Draw trough immediately prior to next dose. 
  - For intramuscular dose, draw peak 45-60 minutes post dose. 
  - For 30 minute intravenous infusion, draw peak 30 minutes post dose. 
  - For 60 minute intravenous infusion, draw peak 15 minutes post dose. 
 
 2. Draw specimen > 8 hours after dosing. 
 
 3. Phenobarbital is the active metabolite of primidone and the dose is usually titrated to obtain 

therapeutic concentrations of phenobarbital. 
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CASE 1: 

 
A 67 year-old-man adequately treated with digoxin for cardiac failure is started on quinidine for an arrhythmia. 
His serum digoxin concentration during this period increases to "toxic" concentrations. The man denies 
ingestion of digoxin in excess of the prescribed dosage regimen. 
 
1. Explain what has happened 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. What should be done to correct this situation? 
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CASE 2: 

 
A 71 year old man with a history of orthotopic liver transplant 8 years prior had been on cyclosporine 
chronically. The patient presents to the Emergency Department following a syncopal episode. His admission 
laboratory findings include: 
 
Na 137, Cl 109, CO2 19, SUN 40, creatinine 2.3, glucose 159, Ca 9.2, albumin 3.0, alkaline phosphatase 202, 
total protein 6.5, total bilirubin 1.2, direct bilirubin 0.3, AST 33, ALT 69.  
 
 

1. How do you interpret these baseline data? 
 

 
 
 
       2.   While in the hospital the patient was given two doses of ibuprofen for pain. Over the next several days 
             his SUN and creatinine increased to 80 and 4.3 respectively. The patient became confused and 
             displayed obvious tremors.  How do you explain the increases in SUN and creatinine? 
 
 
 
 

3.   What is the appropriate therapy for this patient? 

4.   What would you expect to happen to the concentration of cyclosporine in this setting? 

5.   Why was this patient becoming confused?  

6.   Is this a typical drug interaction between these two drugs? 
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CASE 3: 

 
A 46 year old man with a history of chronic back pain of 7 years duration presents to the pain clinic 
seeking relief. His pain is 8-9 out of 10 and is somewhat relieved with vicodin (1 tablet as needed) and 
salsalate 750 mg TID. He suffers from constipation and complains that his pain is “burning and shooting” 
in nature. His internal medicine physician prescribes him 200 mg carbamazepine BID to help relieve pain. 
Six weeks later his carbamazepine is increased to 600 mg BID. Two weeks after his carbamazepine is 
increased to 600 mg BID the patient is brought to the Emergency Department by a friend who reported the 
patient was falling down and passing out while at work. The patient also complained of excessive sweating 
and nausea. His physical exam showed lateral nystagmus in both eyes with scototic eye movements and 
slight orthostasis, but was otherwise unremarkable. In the Emergency Department a stat serum 
carbamazepine concentration was 14.4 mg/L. 
 
1. Was this patient’s carbamazepine dosage monitored correctly? 

 
 
 

2. Could the patient’s symptoms (dizziness, nausea, etc.) be explained by his medications? 
 
 
 

3. Was this a preventable adverse reaction? 
 
 
 

4. Is this a common use for carbamazepine? 
 
 
 

5. How should this patient be treated? 
 
 
 

6. In addition to monitoring his carbamazepine concentration what other laboratory tests should be 
monitored? 
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CASE 4: 

 
A 77 year old man with a history of a seizure disorder and gradual decline in functional status over the last 4 
months presented to the primary care clinic. The patient notes gradually worsening unsteadiness/weakness 
over past few months and onset of falls in the last few weeks.  The patient last fell two days ago in the shower 
and injured his ankle.  While in clinic he was noted to have an unsteady gait so he was admitted. His admission 
chemistries were within normal limits. His medications included phenytoin, primidone and phenobarbital. Stat 
concentrations of phenobarbital and phenytoin were 60 and 19 mg/L respectively. 
 
 

1. How do you interpret these drug concentrations? 
 
 
 
 
 
 
 
 
 
 
 

2. Are these drug concentrations consistent with his clinical status? 
 
 
 
 
 
 
 
 
 

3. How would you treat this patient? 
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CASE 5: (ADAPTED FROM CLIN. PHARMACOL. THER. 2001; 70(4):391-4. ) 

 
A 31 year old woman  (weight 55 kg; height, 159 cm) was admitted following a car accident which had caused 
significant head trauma. Two months after the accident and ten days after starting a standard dose of oral 
phenytoin (100 mg tid) the patient manifested dysarthria, nystagmus, dysmetria, left hemifacial dyskinesia and 
alterations in mental status 3 hours after taking her phenytoin. The only other medication the patient was 
taking at this time was a low molecular weight heparin (nadroparin, 4000 IU per day, subcutaneously). A 
cerebral computed tomographic scan and electroencephalogram excluded possible late consequences of the 
head trauma. A stat phenytoin concentration was > 100 mg/L. 
 

1. How do you interpret this phenytoin concentration? 
 
 

 
 
 
 
 
 

2. How would you treat this patient? 
 
 

 
 
 
 
 
 
 

3. How would you explain this phenytoin concentration? 
 

 
 
 
 
 
 
 
 
 
 
 

4. What additional studies would you order to test your hypothesis? 
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CASE 6: 
 
A 51 year old man with seizure disorder presents with change in mental status x 4 days.  The patient is 
confused and disoriented with an unreliable history. His history is provided by his wife.  Confusion and 
disorientation worsened 4 days ago, associated with slurred speech.  The patient also experienced several falls 
in last couple of days along with seizures and complaints of right hip pain. His wife reports withholding his 
medication for the last 2 days after noticing signs and symptoms of toxicity.  The patient has difficulty taking 
medications and has had multiple admissions for supratherapeutic and subtherapeutic phenytoin levels.   
 
Active problem(s): 
Hypothyroidism  
Alcohol abuse-continuous  
Seizure Disorder  
Type II diabetes mellitus with neurological manifestations  
 
Laboratory results: 
                    Result units   
Serum urea nitrogen           14      mg/dL         
Albumin                   3.6    g/dL         
Glucose                       101   mg/dL                      
Creatinine                    0.8   mg/dL        
EGFR  (estimated GFR)                     108      ml/min         
Sodium                        139   mMol/L                   
Potassium                     4.0    mMol/L       
Chloride                      104      mMol/L       
CO2                          28.0     mMol/L       
Calcium                       8.7      mg/dL        
PO4                           3.8      mg/dL        
Free T4                    0.6    ng/dl        
TSH                      4.87     uIU/mL       
Phenytoin     47.3  mg/L   
 
Complete blood count showed mild macrocytic anemia 
 
 
1. What additional laboratory studies would you order for this patient? 
  
 
2. Are these signs and symptoms consistent with the thyroid function studies? 
 
 
3. Are these signs and symptoms consistent with phenytoin toxicity? 
 
 
3. How should this patient be treated? 
 
 
4. How long will it take for his phenytoin to return to therapeutic concentration? 
 
 
5. What is the most likely cause of the macrocytic anemia? 
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CASE 7: 
 
A 75 y/o obese man with a history of diabetes mellitus (type II), asthma, gout, and atrial fibrillation presented 
to urgent care with worsening dyspnea on exertion. On initial presentation the patient was alert, oriented, and 
in no distress. His theophylline dose had recently been increased from 600 to 800 mg per day. EKG at the time 
revealed atrial fibrillation at 176 BPM.  The patient claims to have been using albuterol 4-6 puffs q2 hrs and 
theophylline (6 tabs of 200 mg each in last four hours, 5-6 tabs/day x 3 d).  The patient suffered a grand mal 
seizure in urgent care, and a code blue was called. Continued seizure activity was noted even after the patient 
was given phenytoin and lorazepam. The patient was given pentobarbital, and occasional twitches were noted.  
 
Laboratory results:                Result  units   
Serum urea nitrogen        31      mg/dL        
Albumin                  3.6      g/dL              
Glucose                      188      mg/dL                 
Creatinine                  1.4      mg/dL             
EGFR  (estimated GFR)                53      mL/min                
Sodium                       134      mMol/L               
Potassium                    3.2      mMol/L               
Chloride                      95      mMol/L                
CO2                         20.0      mMol/L                 
Calcium                      9.5      mg/dL              
PO4                          3.3      mg/dL        
BNP                569      pg/mL    
Theophylline                56      mg/L   
 
 
1. How do you interpret these laboratory data? 
 
 
 
2. What additional laboratory studies are indicated? 
 
 
 
3. How would you treat this patient? 
 
 
 
4. Could this overdose have been prevented? 
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XVI 
 
 

LABORATORY DIAGNOSIS OF 
 

THYROID DISEASE 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Discuss the hypothalamic-pituitary-thyroid gland axis 
 Describe the binding of thyroxine and triiodothyronine in serum 
 Discuss the causes of euthyroid hyperthyroxinemia 
 Discuss the causes of euthyroid hypothyroxinemia 
 Describe the signs and symptoms of hyperthyroidism 
 Describe the signs and symptoms of hypothyroidism 
 Discuss the causes of and findings in sick euthyroid syndrome 
 Discuss factors that increase binding of thyroid hormones 
 Discuss factors that decrease finding of thyroid hormones 
 Discuss the use of thyroid-stimulating hormone (TSH), total thyroxine, free thyroxine, total 

triiodothyronine, and free triiiodothyronine in the laboratory workup of thyroid disease 
 Discuss the thyrotropin -releasing  hormone-TSH stimulation test and the findings in 

hyperthyroidism, primary hypothyroidism, secondary hypothyroidism, and tertiary 
hypothyroidism 

 Discuss the use of antithyroid antibodies in the laboratory workup of thyroid disease 
 Discuss thyroid stimulating immunoglobulins with respect to their role in Graves' disease 
 Describe the increases of serum reverse T3 in acute febrile illness, chronic hepatic cirrhosis, 

and newborns  
 Discuss the use of serum thyroglobulin as a tumor marker 
 Describe neonatal thyroid screening  
 Discuss subclinical hyperthyroidism  (undetectable TSH and normal serum 

triiodothyronine and free thyroxine) and its significance 
 Discuss subclinical hypothyroidism (elevated TSH with normal serum triiodothyronine and 

free thyroxine) and its significance 
.   
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LABORATORY DIAGNOSIS OF THYROID DISEASE 
 

Key Terms 
 
Antimicrosomal antibody- An antibody against thyroid peroxidase, the principle antigen in thyroid 
microsomes. 
 
Exophthalmos- Abnormal protrusion of the eyeball, also called proptosis; seen in Grave’s disease. 
 
Hashimoto’s disease- Progressive autoimmune disease of the thyroid, patients gradually progress to 
hypothyroidism. 
 
Hyperthyroxinemia- Elevated concentration of thyroxine in blood. 
 
Hypothyroxinemia- Decreased concentration of thyroxine in blood. 
 
Goiter- Enlargement of the thyroid gland. 
 
Grave’s disease- Thyroid disease usually of autoimmune etiology with at least two of the following: 
hyperthyroidism, goiter, exophthalmos; generally caused by thyroid stimulating immunoglobin (TSI). 
 
Plummer’s disease- Functional adenoma of the thyroid; mutation that leaves TSH receptor activated; toxic 
multinodular goiter. 
 
Thyroglobulin- A glycoprotein of molecular weight 660 Kilodaltons produced by the follicular cells and 
containing the precursors of T3 and T4. 
 
Thyroid stimulating hormone (TSH) - Secreted by the anterior pituitary in response to Thyrotropin-
Releasing Hormone  (TRH) produced by the hypothalamus; sustains and stimulates secretion of the thyroid 
gland. 
 
Thyroid-stimulating immunoglobin (TSI) - An immunoglobin with agonist properties at TSH receptor. 
 
Thyroiditis- Inflammation of the thyroid gland. 
 
Thyroxine- 3,5,3’,5’-tetraiodothyronine (T4). 
 
Triiodothyronine- 3,5,3’-triiodothyronine (T3). 
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LABORATORY DIAGNOSIS OF THYROID DISEASE 
 
The thyroid gland secretes two iodine-containing hormones, thyroxine (T4) and triiodothyronine (T3).  T4 

is produced in a much greater amount and 40% is converted in peripheral tissues to T3; approximately 
45% is deiodinated to rT3. The synthesis and secretion of the thyroid hormones is stimulated by thyroid-
stimulating hormone (TSH), which is produced by the anterior pituitary gland. The release of TSH is 
regulated by the hypothalamic thyrotropin releasing hormone (TRH). T4 and T3 exert a negative feedback 
effect on the anterior pituitary and hypothalamus, and thus regulate TSH and TRH release, respectively. A 
fall in thyroid hormone levels causes an increase in the size and number of the thyroidal follicular cells, 
an increase in TRH and TSH secretion, and thus increased thyroid hormone synthesis and release. An 
increase in thyroid hormones increases degradation of TRH, decreases the number of TRH receptors on 
pituitary cells, and inhibits pituitary response to TRH. The result is decreased synthesis and secretion of 
TSH until normal T3  and T4 levels  are reached. 
 
 

 

  
HYPOTHALAMIC - PITUITARY - THYROID INTERACTIONS 

                                                                                                 

 
In the peripheral blood T4 and T3 are reversibly, and almost completely, bound to carrier proteins. T4 is 
bound  75% to the alpha-1 globulin known as thyroxine-binding globulin (TBG),  15% to prealbumin, 
and  10% to albumin; 99.97% of all T4 is bound, and only 0.03% is in the free form. T3 binds only to 
TBG (99.7%), while 0.3% is in the free form. 
 
Due to the high binding affinities, only a very small fraction of the free, physiologically active hormones  
are in circulation. Wide variations in the concentration of binding proteins can occur, even under normal 
circumstances, and therefore there is variation in total T4 and T3 levels among euthyroid individuals, i.e., 
those having normal thyroid function. Thus, free T4 and free T3 values provide a better indication of the 
patient's thyroid status than total T4 and T3. Free T4 and free T3 values provide verification of abnormal 
thyroid status suggested by the TSH screening test.  It had long been thought that T4  is the main thyroid 
hormone. However, it is now believed, that T3 is the principle thyroid hormone, because: 
 

Hypothalamas 

Pituitary 

Thyroid 
T4, T3 

TRH 

TSH 

           (-) 

 (-) 

(+) 

(+)
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              T3  is physiologically four times as active as T4 

                   T4  can be converted to T3  in the target cells 
              The specific binding of T3  to receptors is about 10 times that of T4  
              The number of T3  receptors is four times as high as the number of receptors of T4 

 
The following is a list of serum tests used in the diagnosis of thyroid disease: 
 

I. TEST Adult Reference Range 

 A. Total Thyroid Hormones  
  Thyroxine - T4 (rarely used)  4.5-10.5 μg/dL 
  Triiodothyronine - T3 65-180 ng/dL 
  
 B. Free Thyroid Hormones  
  Free T4 0.9- 2.1 ng/dL 
  Free T3 0.1-0.3 ng/dL 
  
 C. Thyroid Stimulating Hormone (TSH)  
  Euthyroid 0.35-5.5 mU/L* 
  Hyperthyroid 0-0.35 mU/L 
  Hypothyroid >5.5 mU/L 

  * may be elevated in euthyroid elderly patients  

  
 D. Anti-Thyroid Antibodies  
  Anti-Thyroglobulin Negative 
  TSH-Receptor Antibody None detected 
  Thyroid Stimulating Immunoglobulins (TSI) Negative 
  Thyroperoxidase antibodies Negative 
  
 E. Reverse T3 30-80 ng/dL 
  
 F. Thyroglobulin < 60 ng/mL 
 
II. CLINICAL APPLICATIONS 
 
The use of thyroid-related tests in clinical practice falls into two categories: 
 

 A. Laboratory evaluation of suspected thyroid disease as indicated by other clinical findings. The 
most commonly encountered disease conditions and the tests used in their evaluation are:  

 

  1. Hyperthyroidism: TSH, Free T4, Total T3, Free T3, antithyroid antibodies, thyroid peroxidase 
antibodies, TSH-receptor antibody, thyroid-stimulating immunoglobulin (TSI), cholesterol. 

 

  2. Hypothyroidism: TSH, Free T4, antithyroid antibodies, cholesterol 
 

  3. Goiter: TSH, Free T4, antithyroid antibodies, Total T3 

 

  4. Thyroiditis: TSH, Free T4, antithyroid antibodies, Total T3 

 

  5. Tumors: TSH, Free T4, Total T3, thyroglobulin 
 

  6. TSH-secreting pituitary tumor (rare): TSH, Free T4, Total T3 
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 B.     Euthyroid hypo- and hyperthyroxinemia 
 

  1. Causes of euthyroid hyperthyroxinemia are seen in: 
 

   a. Increased thyroid hormone binding 
    Acquired:  pregnancy, newborn, liver disease (infectious hepatitis, chronic active hepatitis, 

primary biliary cirrhosis), acute intermittent porphyria, estrogen-producing tumors, 
hydatidiform mole, lymphosarcoma. 

    Inherited abnormalities: Increased TBG, albumin, prealbumin. 
                               Familial dysalbuminemic hyperthyroxinemia in which an abnormal albumin preferentially 

binds T4 but not T3  and is characterized by elevations of total serum thyroxine. 
 
                      b. Peripheral resistance to thyroid hormones 
 

            c. Transient hyperthyroxinemia of acute medical illness and acute psychiatric illness 
 

   d. Drug related hyperthyroxinemia (exogenous estrogens, oral contraceptives, heroin, 
methadone, 5-fluorouracil, clofibrate) 

 
                        e.    Full-term newborns up to 6 weeks 
 

  2. Causes of euthyroid hypothyroxinemia 
 

   a. Systemic illness ("Sick Euthyroid Syndrome" - see below) 
 

   b. Stress--physical and emotional 
 

   c. Surgery (T3 decrease) 
 

   d. Drugs (dopamine-TSH effect, salicylates, phenytoin, iodine, glucocorticoids, iodinated 
contrast agents, propranolol, amiodarone). 

 

   e. Starvation and fasting (T3 decrease) 
 

   f. Decrease in TBG 

 
C. Signs and symptoms of thyroid disease 
 

  1. Signs and symptoms of hyperthyroidism include weight loss, tremors, tachycardia, cardiac 
arrhythmias, fatigue, heat intolerance, sweating, diarrhea, nervousness, irritability, scant menses 
in women, moist skin, hyperactive deep tendon reflexes, enlarged neck, and vitiligo. 

 

  2. Signs and symptoms of hypothyroidism (myxedema) include lethargy, weight gain, dry skin, 
puffiness (face and eyes), sparse hair, low body temperature, cold intolerance, fatigue, 
dizziness, voice hoarsening, depression, loss of libido, and occasional anemia. 

 
D. Sick euthyroid syndrome (Low T3 syndrome) 
 
  The syndrome is seen in a variety of patients with non-thyroid illnesses, after acute injury, during 

caloric deprivation (especially carbohydrates), and in some psychiatric illnesses, e.g., schizophrenia. 
In these conditions, thyroid function test results may be different from normal, with the patient still 
being euthyroid. In most of these cases, the conversion of T4 in the peripheral tissues is not yielding 
T3, but reverse T3 (rT3).  Therefore, a combination of low T3 and high rT3 is generally seen in this 
syndrome.  Total T4 drops later in the disease to a variable degree.  FT4 and FT3 may remain normal, 
but often they increase in the early part of the disease, and decrease later in the disease.  No 
laboratory test is absolutely reliable in this condition, but the best tests appear to be the TSH and the 
TRH response tests.  The incidence of the disease is higher than initially thought and may be as high 
as 50% in patients in the intensive care unit. 
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III. SPECIFIC TESTS AND INTERPRETATIONS 
 
 A. Total Thyroid Hormones 
 
  1. Thyroxine 
 
   Total T4 is usually quantitated in serum by 

immunoassay. These assays offer the 
advantages of simplicity, speed, accuracy and 
precision. Since free T4 is not always 
available, one should understand the use of 
total T4. 

 
 

   Thyroxine 
 3,5,3',5' Tetraiodothyronine (T4) 

  
 

    Interpretation: 
 
   The reference range of total T4 has been established as 4.5 - 10.5 μg/dL in serum. Values lower than 

4.5 μg/dL are indicative but not diagnostic of hypothyroidism. Workup should include a TSH and 
free T4. 

 
   Values higher than 10.5 μg/dL are indicative but not diagnostic of hyperthyroidism. Workup should 

include TSH and free T4. 
 
   A finding of normal T4 results does not absolutely exclude hyperthyroidism because elevations in T4 

may be intermittent and/or hyperthyroidism may be due to an increase of total T3, which increases at 
times sooner than total T4. 

 
                Elevations of the total T4  without hyperthyroidism are seen in: 
 
   a. Increases of the TBG (see below) 
   b. Full-term newborns up to about 6 weeks. 
   c. Familial dysalbuminemic hyperthyroxinemia in which an abnormal albumin  

preferentially binds T4 but not T3 and is characterized by elevations of total  
serum thyroxine. 

 
    Decreases of the T4  without hypothyroidism are seen in: 

 
    a. Decreases of the TBG (see below) 
   b. Drugs that displace T4 from TBG (see below) 
 
 
 
2. 3,5,3'-Triiodothyronine (T3) 
 
   The quantitative measurement of T3 in serum 

is primarily used to confirm hyperthyroidism 
and T3 thyrotoxicosis. Since free T3 tests are 
not yet widely available in the U.S. one 
should understand the use of total T3. 

 
   3,5,3' Triiodothyronine (T3) 

 



 

 258

  Interpretation:  The reference range is from 65-180 ng/dL 

    Elevations or decreases of total T3 in serum generally parallel those of T4 in all respects 
regarding hormone production, TBG binding and drug interferences, and the 
interpretations of abnormal T3 values are the same as given above for total T4 with the 
following exceptions: 

   a. The rare, so-called T3-thyrotoxicosis in which total T4 levels may be normal while T3 
is elevated. 

   b. Starvation, including anorexia nervosa, in which T3  may be low (high rT3). 
c. First days after birth, when T3 levels are low while T4 is high. 
d. Sick euthyroid syndrome. 

 
B. Assessment of Free Thyroid Hormone Levels 

 
It is well established that the thyroid state of the patient correlates better with the plasma concentrations 
of the free forms of T4 than with the levels of total hormone concentrations. Thus, a  most important 
procedure in the assessment of thyroid status is the measurement of free T4 and free T3.  

The direct accurate measurement by dialysis or ultrafiltration of the free T4 and free T3 is the “Gold 
standard” measurement, but the procedure is difficult and time consuming and thus impractical for 
routine use. For these reasons, simpler methods have been developed that estimate the free hormone 
levels by indirect means. The most commonly used procedure is the two-step fluorometric assay for  
free T4. The adult reference range is 0.9 – 2.1 ng/dL. 
 
Free T3 is widely used in Europe and may soon be more available in the US.  The adult reference range is 
0.1 – 0.3 ng/dL. 
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FACTORS THAT AFFECT BINDING PROTEINS 
 

Binding Protein Increased Binding 
Protein Concentration 
or Binding Sites 

Decreased Binding 
Protein Concentration 
or Binding Sites 

   
Thyroxine- 
binding globulin 

Pregnancy 
Estrogens 
Oral contraceptives 
Infectious hepatitis 
Perphenazine (Trilafon®) 
Acute intermittent porphyria 
Genetic (X-linked dominant) 

Androgens and 
     anabolic steroids 
Nephrotic Syndrome 
Large doses of 
     glucocorticoids 
Active acromegaly 
Marked hypoproteinemia 
Genetic 
Phenytoin (Dilantin)* 
Salicylates* 

   
Prealbumin Prednisone therapy Severe illness or trauma 

Parturition 
Large doses of salicylates* 

 
  * These agents affect binding capacity by displacing hormone from the proteins. 
 
 In clinical practice, the most frequently encountered increases in binding proteins are due to 

pregnancy or oral contraception. 
 
 
 C. Thyroid Stimulating Hormone - TSH (Thyrotropin) 
 
  Thyrotropin is a glycoprotein of  MW 28,000. It is composed of two noncovalently-linked 

subunits termed α and β. The α-subunit of TSH resembles the α-subunits found in Follicle-
Stimulating Hormone (FSH), Luteinizing Hormone (LH),  and human Chrorionic Gonadotropin 
(hCG), whereas the β-subunits in these peptide hormones are distinctly different and account 
for their biological and immunological differences. 

 
  The quantitative ultrasensitive immunometric TSH determination in serum is the most useful 

test to detect hypo- and hyperthyroidism. Additionally, serum TSH is a very useful test in 
distinguishing primary (thyroidal) and secondary (pituitary) hypothyroidism. TSH is elevated in 
primary hypothyroidism when there is a defect in thyroid hormone production (low T4 and T3), 
whereas in secondary hypothyroidism serum TSH levels as well as T4  and T3 are low due to 
pituitary failure.  The adult reference range is 0.35 – 5.5 mU/L. 

 
  TRH – TSH Stimulating Test 
 
         A TRH (thyrotropin-releasing hormone)-TSH stimulating test is useful for determining pituitary 

function since administration of TRH will normally increase plasma levels of TSH within 30 
minutes after administration, whereas no increase in plasma TSH is observed in pituitary 
hypothyroidism. A flat response to TRH is observed in hyperthyroidism and presumed 
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subclinical hyperthyroidism (also seen in pituitary TSH deficiency). Tertiary (hypothalamic) 
hypothyroidism results from deficient hypothalamic synthesis of TRH. Since there is no 
available reliable assay for serum TRH, hypothalamic malfunction can be inferred from a TRH 
stimulation test (Figure). 

 
 
 
 
  TRH test.  200 μg is given intravenously and serum TSH 

is measured at 0, 20, and 60 minutes.  Typical responses 
are shown.  Hypothyroid and hyperthyroid conditions are 

                  primary hypo- and hyperthyroidism, respectively.                
 
 
 
 
 
 Taken from: Marshall WJ:  Illustrated Textbook of Clinical 

Chemistry, 2nd Edition.  Philadelphia.  J.B. 
Lippincott Company (1986), modified. 

 
        D. Antithyroid Antibodies 
 
          High titers of anti-thyroglobulin and anti-microsomal antibodies are found in autoimmune diseases 

such as chronic lymphocytic (Hashimoto's) thyroiditis (hypothyroid cases) and lymphadenoid goiter 
(euthyroid cases).  Recent evidence indicates that sera with antimicrosomal autoantibodies from 
patients with Graves’ disease or Hashimoto's thyroiditis bind to thyroid peroxidase, suggesting that 
thyroid peroxidase is the microsomal antigen in these diseases. 

 
 E. Thyroid Stimulating Immunoglobulins (TSI) 
 
  IgG human thyroid stimulators are present in nearly all cases of Grave's disease when the assay is 

performed with human thyroid cells or cell membranes. Thus, it appears that a human thyroid 
stimulator immunoglobulin is the mediator for the expression of Grave's disease and that this 
antibody mimics the action of TSH by combining with the TSH-receptor sites of the thyroid cells to 
stimulate continuously the secretion of thyroid hormones.  However, TSI does not respond to the 
feedback mechanism. 
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                     Relationship between TSH and the Thyroid Gland in Health and in Graves’ Disease 
 
 
 
 F. Reverse T3 (rT3) 
 
  Reverse T3, 3, 5, 5'-triiodothyronine (rT3), is an inactive metabolite of T4 that may be increased in 

acute febrile illnesses, chronic hepatic cirrhosis, other miscellaneous chronic systemic illnesses, and 
particularly in newborns. In these patients, low T3 concentrations are found, (although patients are 
euthyroid) because T4 is deiodinated in the 3’ position to rT3 rather than to T3 and it may be useful to 
confirm this by a rT3 assay. Measurements of rT3 in amniotic fluid have been proposed as a test for 
assessing fetal thyroid function because rT3 is the major metabolite of T4 in the fetus. The serum 
reference ranges for rT3 in adults and children are 30 - 80 and 20 - 70 ng/dL, respectively. 

 
  
 G. Thyroglobulin 
 
  Thyroid tissue is the sole source of thyroglobulin (MW = 660,000) in peripheral blood. Patients with 

thyroid cancer who have been thyroidectomized should have no circulating thyroglobulin, and 
increases in this iodoprotein are generally indicative of tumor recurrence. 
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IV. SCREENING 
 
 Neonatal Thyroid Screening 
 
 Congenital hypothyroidism occurs in one out of every 4,000 newborn infants. Early detection of neonatal 

hypothyroidism is important since mental retardation that results from this disease can be prevented by 
prompt thyroid hormone treatment. Therefore, a sensitive RIA for T4 using a 3 mm spot (equal to 3 μL) 
of whole dried blood on filter paper has been developed to detect hypothyroidism in 3-5 day old infants. 
If the plasma T4 concentration is below 7 μg/dL, a follow-up TSH, that utilizes the same whole dried 
blood sample on filter paper, is performed to establish a definitive diagnosis of primary hypothyroidism. 
Blood is collected from neonates by heel puncture. Blood spots on filter paper can be sent by ordinary 
mail, and portions of the same spots can also be used for the phenylketonuria screening test. 

 
 In neonates, thyroid hormone  and TBG levels are higher than in adults. 
 

Thyroid Hormone Levels in Neonates 
 

   T4 

μg/dL 
T3 

ng/dL 

Cord serum 10.9 (7.7 - 14.1) 48 (16 - 80) 
Age 3 days 13.3 (8 - 19) 125(45 - 205) 
Age 6 weeks 10.3 (7.3 - 13.3) 163 (119 - 209) 
After 1 year adult levels  

 
 
        Adult Population Screening.  
 
 The prevalence of thyroid disease in the general population is estimated to be 1-2%. Thus, thyroid disease 

constitutes one of the most frequent diseases that is amenable to treatment. For this reason, tests for 
screening for thyroid disease should be included in biochemical panels to examine well populations and 
patients that seek medical attention for reasons other than their thyroid status. Abnormalities in thyroid 
function tests in euthyroid patients are most likely found in non-thyroid illness and in the elderly. 
Therefore, thyroid function tests should not be requested in elderly or hospitalized patients unless the 
patient’s symptoms suggest a thyroid disease. Since TSH is a good index of thyroid function, it is 
recommended as the primary screening test. Results should be followed up by testing for free T4  and free 
T3. 

 
 
V. Subclinical Hyperthyroidism 
 
The combination of an undetectable TSH (<0.1 mU/L) and normal serum T3 and fT4 (usually at the 

upper end of the reference range) is known as subclinical hyperthyroidism. An absence of symptoms was 
once part of the definition but we now understand that subtle symptoms or signs of thryotoxicosis may be 
present. Subclinical hyperthyroidism is classified as endogenous in patients with thyroid hormone 
production associated with nodular thyroid disease or underlying Grave's disease. It is classified as 
exogenous in those with undetectable serum TSH as a result of treatment with levothyroxine. The 
prevalence of subclinical hyperthyroidism is about 2%. 
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The health consequences of overt hyperthyroidism are well known to include atrial fibrillation and 
osteoporosis. While the effects are much less evident in subclinical hyperthyroidism it does bear some 
discussion. 
 
Subclinical hyperthyroid patients are at increased risk for atrial fibrillation as compared to those patients 
with normal TSH; however, a low but detectable TSH of 0.1 to 0.4 mU/L is not associated with increased 
risk of atrial fibrillation.  
 
The case is not as clear for osteoporosis. Subclinical hyperthyroid patients that have endogenous sources 
of thyroid hormones appear to have increased bone turnover. Most impressive is the reported loss of 2% 
bone mineral density per year in postmenopausal women with multinodular goiter. On the other hand,  in 
patients with exogenous sources of excess thyroid hormone the risk factor is inconclusive. 
 
The 2004 expert panel on thyroid disease* recommends observing and monitoring patients with partial 
TSH suppression (0.1 to 0.4 mU/L) and treating patients with complete TSH suppression (<0.1 mU/L). 
 
*NEJM 2001;345:512-516. Subclinical Hyperthyroidism  
 Endocr. Pract. 2004;10:496-501. Consensus Statement 
 
VI. Subclinical Hypothyroidism 
 
Subclinical hypothyroidism is defined as elevated TSH associated with normal concentration of T

3
 and 

fT
4
. The overall prevalence is 5 – 10% in the general population and up to 20% in women over 60 years 

old. While the consensus panel recommends treatment of patients with TSH >10 mU/L, there is some 
controversy with the treatment of patients with TSH of 4.7 to 10 mU/L.  
 
The key determinate is the clinical judgment of the health care provider. Thyroid failure can be 
considered a continuum with patients having TSH of 4.7 to 10 mU/L being on one end of the spectrum 
and those with myxedema coma on the other end. Milder disease would be related to lesser adverse 
effects; however, the intervention must be also evaluated for potential harm. About 20% of patients 
receiving levothryoxine are overtreated. This should not argue against treatment. Instead, it is an 
important statement endorsing laboratory monitoring to insure that the resulting thyroid hormone 
treatment is reflected in an appropriate TSH. 
 
Treatment should not be a reflexive action based on a solitary TSH measurement but should be 
considered in the overall clinical situation. It is important to ensure that abnormal TSH values are not a 
transient adjustment in progress due to other treatments or responses to illness. 
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CASE 1: 
 
A 27-year-old, non-pregnant woman has a serum T4 of 13.5 μg/dL and a serum T3 of 280 ng/dL. Her serum 
TSH, cholesterol, and CK were all within the respective reference ranges, and her physical examination was 
within normal limits. 
 
 
1. What is the most likely explanation for these findings? 
 
2. What other thyroid function tests should be obtained to confirm your conclusion? 
 
 
 

CASE 2: 
 
A 59-year-old woman complaining of numbness and paresthesia of her right index and ring fingers had gained 
about 30 pounds the previous year. She exhibited a tired look with slight periorbital puffiness and a diffusely 
enlarged thyroid (1.5 times normal size). For the last six months she had noted dry skin, decreased energy and 
a change in her voice. Her heart sounds were decreased, but there was no cardiac enlargement. Her heart rate 
was 56 beats per minute, and blood pressure was 130/90 mm Hg. The remainder of her physical exam was 
unremarkable except that the relaxation phase of her deep tendon reflexes was delayed. 
 
 Laboratory Findings: 
 
  Serum T4 2.6 μg/dL 
  Free T4 0.5 ng/dL 
  Serum TSH 110 mU/L 
  Serum cholesterol 375 mg/dL 
  Creatine kinase 425 U/L (no increase in MB isoenzyme) 
  Antimicrosomal antibodies in serum, positive at 1:410,000 dilution 
  Antithyroglobulin antibodies in serum, negative 
 
 
1. What is the most likely diagnosis? 
 
2. List other etiologies for hypothyroidism. 
 
 
 
 

CASE 3: 
 
A slightly anxious 49-year-old woman with bright eyes, but no exophthalmos, presented with a slight tremor 
and a diffusely enlarged thyroid gland. Her serum T4 was 19.8 μg/dL, free T4 4.2 ng/dL and T3 660 ng/dL. The 
serum was positive for antimicrosomal and antithyroglobulin antibodies. 
 
1. What is the diagnosis for this patient? 
 
2. Would it be useful to obtain serum TSH levels? 
 
3. What additional test might be helpful? 
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CASE 4: 
 
A 55-year-old man complained of nervousness and fatigue which had been apparent for 3 months. He had lost 
10 pounds despite a voracious appetite. Recently, he had been bothered by palpitations and shortness of breath. 
All of his symptoms seemed heightened by the summer heat which caused him to perspire excessively. About 
a month ago, he noted redness and tearing of both eyes. 
 
On examination, he is a thin, anxious appearing man, 68 inches in height and weight of 155 pounds. Pulse is 
110 BPM, and blood pressure is 140/70 mm Hg. There is bilateral proptosis, periorbital edema, and marked 
conjunctival congestion. He is unable to move his eyes completely into the superior-temporal position. Visual 
acuity and fundoscopic exam are otherwise normal. The thyroid gland is moderately firm and symmetrically 
enlarged to an estimated 50 g (normal, 15-20 g) without any palpable nodules. A systolic bruit and lateral 
venous hum are heard over the gland. The skin is warm and smooth, and several areas of vitiligo are prominent 
on his hands and feet. Hair is of fine texture. Reflexes are brisk, and there is a fine tremor of the outstretched 
hands. 
 
The following serum laboratory results were obtained:  
 
 TSH  <0.1 μU/mL  
 T4, total 14.2 ug/dL  
 T4, free 3.8 ng/dL 
 Antithyroglobulin antibodies Negative  
 Antimicrosomal antibodies Positive, 1:1280  
 Thyroid-stimulating immunoglobulin (TSI) Positive  
 Cholesterol 120 mg/dL  
 Calcium, total 10.8 mg/dL  
 Phosphorus 4.9 mg/dL  
 Alkaline phosphatase 160 U/L  
 Glucose 125 mg/dL  
 
The 24 h radioactive iodine uptake is 68% (reference range, 5-28%). Thyroid scan shows enlargement with a 
diffuse uptake. 
 
The patient is treated with propylthiouracil (PTU). After 3 weeks of therapy, the patient complains of a sore 
throat. CBC reveals a diminished white count. PTU is discontinued, and alternate therapies are considered. 
 
1. Based on the history and physical, what is your initial clinical impression? 

2. What are some possible causes of this disorder? 

3. What screening tests support your initial clinical impression? 

4. What is the significance of the positive TSI and abnormal radioiodine uptake? 

5. What is the pathogenesis (and morphology) of this patient's disease? 

6. What therapies are available to manage this patient? 

7. What is "thyroid storm"? How is it treated? 

8. Why are Ca, P, and alkaline phosphatase increased? 
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LABORATORY DIAGNOSIS OF 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 
 Describe the major laboratory findings in diabetes mellitus type I 
 Describe the major clinical findings in diabetes mellitus type I 
 Describe the major laboratory findings in diabetes mellitus type II 
 Describe the major clinical findings in diabetes mellitus type II 
 Describe the laboratory and clinical findings in impaired glucose tolerance 
 Discuss maturity onset diabetes of the young 
 Discuss the hormonal regulation of blood glucose levels, noting what causes a 

decrease in concentrations and what causes an increase in concentrations  
 Describe non-diabetic conditions in which hyperglycemia is noted 
 Discuss appropriate sample collection for measurement of serum/plasma glucose 
 Discuss the performance of the glucose tolerance test and the findings in diabetes 

mellitus and in impaired glucose tolerance; discuss its performance in pregnant 
women 

 Discuss the determination of ketone bodies in serum 
 Describe C-peptide and its diagnostic use  
 Identify non-diabetic conditions in which glycosuria is not associated with 

hyperglycemia 
 Identify non-diabetic conditions in which glycosuria is associated with 

hyperglycemia 
 Discuss the use of glycated hemoglobin in the monitoring of treatment of diabetes 

mellitus 
 Discuss the difference between glycated hemoglobin measured by ion-exchange 

high-performance liquid chromatography and that measured by affinity 
chromatography  

 Describe the effect of various hemoglobin variants on the measurement of 
glycosylated hemoglobin 

 Discuss the use of glycated proteins in monitoring the treatment of diabetes mellitus 
 Describe the measurement and use of albumin in urine in the monitoring of diabetes mellitus 
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LABORATORY DIAGNOSIS OF DIABETES MELLITUS 
 
Key Terms 
 
Acromegaly- Growth hormone excess in adults; characterized by enlargement of features such as the head, 
hands, and feet. 
 
Angiogenesis-  Abnormal proliferation of blood vessels in a tissue such as the eye lens; a complication of 
diabetes mellitus. 
 
Gestational diabetes- Glucose intolerance that occurs in some pregnancies. 
 
Glucagon- A hormone produced by the α-cells of the pancreas.  Glucagon is primarily involved in energy 
release. 
 
Glucagonoma- Excessive glucagon levels caused by a tumor. 
 
Glycated hemoglobin- Hemoglobin that has been glycated at one or more amino acid residues. 
 
Glycation- The non-enzymatic covalent addition of glucose to amino groups of proteins. 
 
Gluconeogenesis- Formation of glucose from molecules that are not themselves carbohydrates (e.g., amino 
acids, lactate and glycerol). 
 
Glycogenolysis- The breakdown of glycogen to form glucose. 
 
Hemoglobin A1c - Hemoglobin that has been glycated on the terminal valine of the beta chain. 
 
Hyperglycemia- High blood glucose concentrations. 
 
Hyperglycemic hyperosmolar non-ketotic coma (HHNC) - A complication of diabetes mellitus 
characterized by hyperglycemia, hyperosmolality, normal ketoacid levels, and lethargy or coma. 
 
Islet cell antibodies (ICA) - Antibodies frequently found in type I diabetes that are suggestive of an 
autoimmune cause. 
 
Islet of Langerhans- Group of cells in the pancreas composed of α-cells, which secrete glucagon; β-cells, 
which secrete insulin; and δ-cells, which secrete somatostatin. 
 
Ketonemia- Excess of ketones and derived ketoacids in the blood.  
 
Ketonuria- Excess of ketones and derived ketoacids in the urine. 
 
Lactic acidosis- Acidosis (low blood pH) caused by excess lactic acid. 
 
Polydipsia- Excessive thirst.  A symptom of diabetes mellitus. 
 
Polyphagia- Constant hunger.  A symptom of diabetes mellitus. 
 
Polyuria- Excessive urinary output.  A symptom of diabetes mellitus. 
 
Proinsulin- Precursor to insulin. 
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Retinopathy-  A disorder of the retina, often a complication of diabetes mellitus, caused by cataract formation 
or proliferation of small blood vessels (angiogenesis).  
 
 
Diabetes mellitus is a common metabolic disorder: it is estimated that 5% of the total U.S. population, and up 
to 20% of older adults are affected by the disease. The hallmark of diabetes is hyperglycemia, fasting and 
postprandial, resulting from decreased action of insulin. This in turn may occur from insufficient production of 
the hormone (injury and destruction of pancreatic islet B cells) (Type I diabetes) or from resistance of target 
tissues to the full activity of insulin (Type II diabetes). These two pathogenic mechanisms are the basis of most 
forms of idiopathic diabetes. It should, however, be remembered that excessive production of the hormones 
that drive metabolic pathways of glucose production may also result in a diabetic picture. The hormonal 
regulation of blood glucose levels is summarized below: 
 
 
  Glucose ↓  Glucose ↑ 
 Insulin  Growth hormone (insulin antagonist) 
 (Glucose transport across ACTH ( ↑ glucocorticoids) 
 cell membranes, glucose met- Glucocorticoids (gluconeogenesis) 
 abolism, glycogen synthesis, Epinephrine (glycogenolysis + gluconeogenesis) 
 lipogenesis) Glucagon (glycogenolysis + gluconeogenesis) 
    Thyroxine (glycogenolysis + gluconeogenesis) 
    Somatostatin (↓ insulin secretion) 
 
 

Classification of Diabetes Mellitus (National Diabetes Data Group) 
 
I. Type I (Insulin-Dependent) Diabetes Mellitus 
 (Formerly known as Juvenile-onset Diabetes mellitus) 
 
 This type is characterized by the following laboratory findings: 
 
 A. Fasting glucose levels >126 mg/dL 
 B. 2-hour postprandial glucose, >200 mg/dL 
 C. Glycosuria 
 D. Ketonuria and ketonemia frequently present 
 E. Insulinopenia 
 F. Elevated glycated hemoglobin 
 G. Islet cell antibodies, mostly found within the first year after diagnosis. 
 H. Increased prevalence of the HLA antigens DR3 and DR4 
 
 And the following clinical findings: 
 
 A. Proneness to ketosis 
 B. Lifelong dependence on injected insulin for control of ketosis and preservation of life. 
 C. Frequent onset at young age (peak at around puberty) 
 D. Positive family history (variable) 
 E. Possible association with failure of other endocrine organs on an autoimmune basis 

(hypothyroidism, hypoadrenalism) 
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II. Type II (Non-Insulin-Dependent) Diabetes Mellitus 
 (Formerly known as Adult-onset Diabetes mellitus)  
 
 This type is characterized by the following laboratory findings: 
 
 A. Normal or elevated fasting glucose levels 
 B. Elevated postprandial glucose levels 
 C. Abnormal glucose tolerance test 
 D. Variable glycosuria 
 E. Elevated glycated hemoglobin 
 F. Variable levels of insulin, often above normal 
 G. Decreased number of insulin receptors on various tissues 
 
 And the following clinical findings: 
 
 A. Generally ketosis-resistant; however, in some individuals ketosis may develop under special stress 

conditions 
 B. Resistance to the action of insulin 
 C. Onset more frequently after 40 years of age 
 D. Often associated with obesity 
 E. Strong family history 
 
 
III. Impaired Glucose Tolerance (IGT)  
 
 Laboratory Findings: 
 
 A. Fasting glucose levels between 110 and 126 mg/dL 
 B. Glucose tolerance test between normal and diabetic (140-200 mg/dL 2 hours after load) 
 
 Clinical Findings: 
 
 A. Increased prevalence of atherosclerosis, electrocardiographic abnormalities, hypertension, 

hyperlipidemia, obesity 
 B. Higher age group 
 C. At higher risk to develop diabetes mellitus. 
 
 
IV. Gestational Diabetes or Gestational IGT 
 
 This class of patients is defined as women in whom during pregnancy diabetes or IGT become manifest. 

After pregnancy, the condition usually reverses to normal, but in some patients diabetes or IGT persists. 
 
V. Previous Abnormality of Glucose Tolerance 
 
 This classification is applied to persons who, on previous occasions, have had diabetic hyperglycemia or 

IGT as demonstrated by a glucose tolerance test. These persons are not diabetic, but as a group have a 
great risk of becoming diabetic. Terms such as "latent diabetes" or "prediabetes" should not be used. 
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VI.  Maturity Onset Diabetes of the Young (MODY) 
 
MODY is characterized by early onset, non-insulin dependent diabetes that is inherited in an autosomal 
dominant pattern.  The major presentation of MODY is in patients under age 25 and with nonketotic 
hyperglycemia.  Patients have a nonobese body habitus and may even be quite thin.  It is estimated that 2 to 
5% of all childhood cases of diabetes are caused by MODY.  Treatment normally consists of diet modification 
and/or oral hypoglycemic agents.  The use of insulin is rarely required. 
 
The diagnostic criteria for MODY include: 
        early onset diabetes 
        autosomal dominant inheritance (multi-generational) 
        not insulin dependent 
 
Six different subclasses of MODY have been recognized (MODY-1 through MODY-6), and each subclass is 
associated with a mutation in a specific gene.  The genes associated with MODY include glucokinase 
(phosphorylates glucose in beta-cells) and various transcription factors (e.g. HNF or IPF). 
 
The most common forms of MODY are MODY-3 (hepatic transcription factor-1 gene; TCF1) and MODY-2 
(glucokinase gene), and together account for 80% of all cases in Caucasians but are less common in other 
ethnic groups. 
 
MODY-2 patients have a persistently raised fasting glucose and the increase in fasting glucose does not 
increase with age.  The patients are often asymptomatic and the finding of hyperglycemia is incidental.    
MODY-2 patients generally respond to diet modification. 
 
MODY-3 patients (mutation in HNF1-alpha) also have an elevated fasting glucose but the increase in fasting 
glucose levels increases with age, and glycosuria can develop.  MODY3 is often misdiagnosed as type 1 
diabetes due to the development of glycosuria and thin habitus of the patient.  However, patients with MODY-
3 still have detectable C-peptide whereas in type I diabetes patients the C-peptide is usually not detectable.  
Usually parents and/or grandparents of MODY-3 patients have been diagnosed as diabetic.  MODY-3 patients 
often respond to diet modification, but with age require the additional use of oral hypoglycemic agents.   A 
portion of MODY-3 patients will eventually require insulin for control of hyperglycemia. 
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VII. Hyperglycemia Associated with Certain Conditions or Syndromes 
 
 A. Postpancreatectomy 
 B. Cancer of pancreas 
 C. Pancreatic cysts 
 D. Hemorrhagic pancreatitis 
 E. Acromegaly 
 F. Cushing's syndrome 
 G. Pheochromocytoma 
 H. Glucagonoma 
 I. Somatostatinoma 
 J. Primary aldosteronism 
 K. Hyperthyroidism 
 L. Hemochromatosis 
 M. Malnutrition 
 N. Many drugs and chemical agents (over 100) 
 O. Over 25 rare genetic syndromes 
 
 

TESTS IN THE DIAGNOSIS, CLASSIFICATION AND 
MANAGEMENT OF DIABETES MELLITUS 

 
I. Determination of blood glucose: Where, how and when. 
 
 Glucose concentration is uniform in the water phase of plasma and erythrocytes. Since, however plasma 

contains per unit volume 27% more water than erythrocytes, glucose levels are higher in a given volume 
of plasma than in an identical volume occupied by erythrocytes. For this reason plasma glucose values 
are higher than whole blood glucose values. 

 
 Example:  If glucose concentration is 120 mg/dL of water then 
 
    Water % Glucose mg/dL 
  Erythrocytes 73 88 
  Whole blood (Hct 45%) 83 101 
  Plasma 93 112 
 
 In the fasting state, glucose levels in arterial and venous blood are similar.  However postprandially, 

arterial and capillary blood have glucose levels about 20 mg/dL higher than venous blood. This is 
because of the extraction of glucose by the tissues in the presence of insulin levels elevated in response to 
nutrient absorption in the gastrointestinal tract. 

 
 Quantitative determinations of glucose are based on a variety of chemical and enzymatic methods. The 

older chemical methods are less specific. Newer enzymatic methods (glucose oxidase, hexokinase) for 
glucose analysis are highly specific. Although they may occasionally tend to give values too low because 
of enzymatic inhibitors in the sample, hexokinase methods are the most accurate and widely used. In 
whole blood, clotted and kept at room temperature, glucose disappears at a rate of approximately 7% per 
hour owing to the ongoing glycolytic activity of leukocytes and red cells. It is thus preferable to collect 
blood in tubes containing fluoride, a strong inhibitor of glycolysis, or to separate the serum immediately. 
The grey-stoppered Vacutainer tubes contain sodium fluoride in addition to potassium oxalate, the latter 
added to prevent clotting. Blood samples collected in these tubes cannot, however, be used for most other 
chemical examinations, particularly electrolytes, since the concentrations of sodium and potassium in this 
anticoagulant are: 

sodium =85 mmol/L, and potassium =30 mmol/L 
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 Fluoride has a weaker inhibitory effect on the glycolysis by white cells; consequently, a significant 
decrease of glucose may be seen in fluoridated blood upon standing when white counts are abnormally 
high (50,000/μL or greater). 

 
 Normal and abnormal values cited below reflect measurements of glucose performed in venous plasma. 

We shall become familiar with these standardized values, keeping in mind the rationale and factors for 
conversion between plasma and whole blood glucose, and between venous and capillary glucose (in the 
postprandial state). 

 
 Measurements of plasma glucose, in order to be easily interpretable, should be obtained under 

selected circumstances: (1) in the fasting state, (2) during an oral glucose tolerance test, or (3) two 
hours after a 100 g carbohydrate meal (postprandial). 

 
 A. Fasting plasma glucose (FPG) 
 
  The measurement of fasting glucose yields information on the capability of basal levels of insulin to 

control glycogenolysis and gluconeogenesis. When basal production (or action) of insulin is 
insufficient, fasting hyperglycemia develops. 

 
  Determination of fasting plasma glucose is the very first procedure to be performed when 

entertaining a diagnosis of diabetes. The patient is kept on an average usual diet and, after an 
overnight fast (no food or sweetened drinks after midnight), blood is drawn in the morning. 

 
  Interpretation: Less than 110 mg/dL is normal 
 
  Between 110 and 126 mg/dL may be indicative of IGT (perform glucose tolerance test) 
 
  Values >126 mg/dL on more than one occasion are indicative of diabetes mellitus. There is no need 

to perform a glucose tolerance test. 
 
 B. Oral glucose tolerance test (OGTT) 
 
  This test is intended to measure the capability and timely response of the insulin-secreting cells to 

the integrated signals provided by GI hormones and rising blood glucose levels. Although 75 or  
100 g of pure glucose obviously does not constitute a typical balanced meal, the test is designed to 
achieve maximal sensitivity for diagnostic and epidemiologic purposes. 

 
  Patient preparation: Put the patient for 3 days or more on a normal diet including at least 150 g of 

carbohydrates per day. In the morning after an overnight fast, 75 or 100 g of an aqueous solution of 
glucose is given. The various commercially prepared cola-flavored carbonated test drinks are 
convenient to use and are more palatable than a pure glucose solution. If a patient vomits after the 
test drink, the test is invalid and must be repeated. 

 
  Blood samples are drawn at: 0, 30, 60, 90, and 120 minutes 
 
  In pregnant women, i.e., for the detection of gestational diabetes, the test dose is 100 g glucose. 

Blood is drawn at 0, 1, 2 and 3 hours. 
 
  In patients with malabsorption, an intravenous glucose tolerance test replaces the oral glucose 

tolerance test. Reference ranges differ. 
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Interpretation: 
 

 

Normal (in non-pregnant adult): Fasting value: <110 mg/dL 
Values at 30, 60, and 90 minutes: 
 less than 200 mg/dL 
Values at 120 min: less than 140 mg/dL 
Values at 180 min: near baseline 

 
Indicative of impaired glucose tolerance (IGT): 

 
Fasting value 110-126 mg/dL 
At least one of the values at 30, 60, or 
90 min greater than 200 mg/dL, and 
value at 120 min between 140 and 
200 mg/dL 

 
Indicative of diabetes mellitus: 

 
If the fasting glucose determination 
revealed diabetic values (>126 mg/dL), 
the OGTT should not be performed. 
If the fasting glucose fell into the IGT 
range (110-126 mg/dL) and an OGTT is 
performed, the results are indicative 
of diabetes mellitus if any one of the 30, 
60 and 90 min values and the value at 
120 min are greater than 200 mg/dL 

 
 

 NL IGT DM 
FGluc <110 110-126 >126 
2 h PP <140 140-200 >200 

 
 
  The criteria for diagnosis of diabetes during pregnancy (gestational diabetes) are stricter than 

outlined above for non-pregnant adults. This is because even mild diabetes during pregnancy 
becomes a significant risk factor for fetal morbidity and mortality. Thus, the OGTT is performed 
with 100 g of glucose and it indicates gestational diabetes when two or more of the following values 
in mg/dL are reached or exceeded: fasting 110, 1 hour 190, 2 hours 165, 3 hours 145. 

 
 C. Two hour postprandial plasma glucose 
 
  This determination has no standardized role for diagnostic purposes. It is, however, often valuable 

when attempting to optimize patients' treatment. Normally, 120 min values are below 140 mg/dL. 
 
II. Determination of ketone bodies. 
 
 Acetoacetate, β-hydroxybutyrate and acetone are produced by the liver from oxidation of free fatty acids 

(FFA). Both release of FFA from adipose tissue stores (lipolysis) and their metabolism to ketones are 
highly accelerated by insulin deficiency. Thus, in the insulin-deficient state (characteristic of untreated 
Type I diabetes) the liver produces ketone bodies and hydrogen ions resulting in ketoacidosis. This is 
often the presenting picture for juveniles who have developed Type I diabetes. It will recur if insulin 
treatment is discontinued or if it is not increased when there is increased insulin demand (stress, 
infections, pregnancy). Ketoacidosis is almost never the presenting picture for Type II diabetic patients; 
however, such patients may develop some degree of ketoacidosis under stressful circumstances. 
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 The most convenient method for estimating the degree of ketonemia and ketonuria utilizes nitroprusside 
tablets (Acetest) or reagent strips (Ketostix). The test is performed by reacting 0.5 mL of serum or urine 
with a crushed Acetest tablet, or a Ketostix. If the reaction is negative, ketoacidosis is (with the caveat 
discussed below) excluded. If, however, the reaction is positive (purple color development), then serial 
dilution of the specimen is performed until the highest dilution is established that still gives a positive 
reaction. 

 
 Nitroprusside reacts with acetoacetate and, to a much lesser degree, with acetone (only 1/20 of the 

reactivity of acetoacetate), and fails to react with β-hydroxybutyrate since the latter is not a ketone body 
per se.. These differences in reactivity pose a potential source of problems: during mild ketosis (fasting, 
suboptimal insulin effect), the ratio of β-hydroxybutyrate to acetoacetate is ~2:1 and the latter ketone 
body is well represented, whereas in situations of prolonged, severe insulin deficiency and poor tissue 
oxygenation, β-hydroxybutyrate will be the prevalent or exclusive ketone body present. The nitroprusside 
reaction may thus be only weakly positive, or negative, in spite of the presence of dangerous quantities of 
β-hydroxybutyrate. The suspicion that this is so, however, is generally high because the concomitant 
hyperglycemia and the calculation of the anion gap will reflect excess anions requiring identification. The 
finding of a level of lactic acid increased enough to indicate compromised tissue oxygenation but not 
sufficiently increased to account for the anion gap suggests the presence of ketonemia due to β-
hydroxybutyrate. It is ironic that, in such cases, the positivity of the nitroprusside test for serum ketones 
will become stronger as treatment with insulin and fluid is improving the patient's status due to formation 
of more acetoacetate. 

 
 From the foregoing it is obvious that "quantitation" of blood ketone bodies with nitroprusside is not 

straightforward. An estimate may be made by knowing that the reagent is sensitive to 0.5 -1 mmol/L 
acetoacetate. Thus positivity at a 1:8 dilution will indicate approximately 4 - 8 mmol/L acetoacetate. This 
is multiplied by 3 to take into account the contribution of the unmeasurable β-hydroxybutyrate. Such a 
crude estimate can be compared with the calculated anion gap to verify that the latter is in fact accounted 
for by ketone bodies. Although serum acetone concentrations are markedly elevated in patients with 
diabetic ketoacidosis, this ketone, resulting from the spontaneous conversion of acetoacetate to acetone 
and carbon dioxide, does not contribute to the circulating anions and is readily excreted in breath and 
urine. 

 
III. Determination of Insulin and C-peptide 
 
 Insulin is synthesized first as a precursor molecule, proinsulin. The A and B chains in proinsulin are held 

together by a connecting peptide, called C-peptide. Proinsulin is then converted in the beta cells to insulin 
which is secreted together with C-peptide in equimolar amounts. However, the t1/2 of C-peptide is longer 
than that of insulin. C-peptide assays do not react with insulin antibodies. Human insulin differs from 
beef insulin by 3 amino acids and from porcine insulin by one amino acid, so that the latter two result in 
antibody formation (beef insulin more so than porcine insulin). Insulin has been synthesized 
commercially for clinical use by recombinant DNA technology and is now available in this form. This 
development will ultimately resolve the problem of antibody formation.  

 
 Measurements of serum insulin and C-peptide are not warranted for initial diagnosis of diabetes. 

They are mostly used to verify classification and for various investigational purposes. Measurements 
are performed by radioimmunoassay. The availability of a radioimmunoassay for C-peptide has been 
extremely useful in permitting studies of insulin secretory capacity of the pancreatic β-cells in 
individuals who had developed antibodies to the hormone following treatment with non-human 
insulin. Such antibodies interfere in the immunoassay procedures for insulin. Measurement of C-
peptide is also useful in detecting surreptitious use of insulin since, with administration of exogenous 
insulin, serum insulin concentrations will be elevated without equivalent elevation of C-peptide 
levels.  However, endogenous production of insulin is accompanied by elevation of C-peptide. 
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IV. Glycosuria 
 
 Glycosuria appears when the blood glucose level exceeds the renal threshold for reabsorption of glucose. 

This normally lies at about 170 mg/dL, but it may be lower in renal tubular disease or elevated in 
diabetics to above 300 mg/dL. Thus glycosuria may be absent in these patients despite markedly elevated 
blood glucose levels. 

 
 Non-diabetic causes of glycosuria are: 
 
 A. Glycosuria not associated with hyperglycemia 
 
  1. Pregnancy 
  2. Fanconi's syndrome 
  3. Renal glycosuria ("true renal diabetes") 
  4. Nephrotic syndrome 
 
 B. Glycosuria associated with hyperglycemia 
 
  1. Thyrotoxicosis 
  2. Cushing's syndrome 
  3. Damage to CNS 
  4. Infections 
  5. Anesthesia 
  6. Excitement and stress 
 
 Semi-quantitative tests for glycosuria are described under routine urinalysis. They are based either on the 

use of glucose oxidase as in the dipstick or on copper reduction methods as in the tablet test (Clinitest). 
 
 Quantitative urinary glucose determinations are seldom necessary. The glucose concentrations in the 

urine of diabetics are commonly in the range of 0.5 to 2.0 g/dL, but values over 5 g/dL are occasionally 
encountered. The effect of high glucose concentration on urinary specific gravity should be kept in mind. 

 
V. Glycated Hemoglobin 
 
 During the 120 day life span of the red cell, hemoglobin A, and other forms, become glycated due to the 

non-enzymatic, largely irreversible, post-translational attachment of a molecule of glucose to the terminal 
valine of the β-globin chain and to ε-amino groups of lysines of both α- and β-chains. The degree of 
glycation is directly proportional to the level of glucose in the blood, and it has been shown that the 
amount of glycated hemoglobin present in blood is a reflection of the average blood glucose level over 
the life span of a red cell. Thus, the quantitative determination of glycated hemoglobin has become a 
useful adjunct in the assessment of the efficacy of long-term therapeutic control of diabetic patients. 

 
 Glycated hemoglobin can be measured in several ways. The two most common methods are ion exchange 

and affinity chromatography. When measured by ion exchange the results are reported as HbA1c and 
when measured by affinity chromatography, the results are GHb (total glycated hemoglobin). 
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Hemoglobin A1c (HbA1c) by ion exchange  

        The analysis of hemoglobin A1c is performed by ion-exchange high performance liquid chromatography.  

        Interpretation: 

         Hemoglobin A1c:      3.8 –   6.3%  - normal 

6.3 – 8.3% - slightly elevated, treatment needs to be optimized 

8.3 – 12.3% -elevated, treatment needs to be intensified 

over 12.3% - gemerally found in patients only at diagnosis 

Total Glycated  Hemoglobin (GHb) by affinity chromatography: 

Measurement of total glycated hemoglobin using boronic-acid affinity chromatography has become a 
widely used method in the United States.  Unlike the ion exchange method, this method detects all of the 
glycated hemoglobins (A, F, S, C, etc.) and does not distinguish among them, and thus it yields somewhat 
higher results than does the ion exchange procedure.   

Both HbA1c  and GHb have strong advocates. Both methods provide results that permit patient  
management, but it does require knowledge of the method used.      

Effect of hemoglobin variants on measurement of glycosylated hemoglobin 

Some hemoglobin variants can affect the measurement of A1c by ion exchange high-pressure liquid 
chromatography (HPLC). The most common hemoglobin variants, AS and AC trait, do not affect the 
measurement of A1c by the HPLC methods. However, when a patient has a hemoglobin variant other 
than AS or AC trait, hemoglobin A1c reference ranges may not apply. In these cases A1c should only 
be used to monitor therapy after obtaining a baseline value. If t1/2 of red cells is shorter, as in some 
thalassemias and hemolytic anemias, the HbA1c is underestimated. Samples from patients post-
splenectomy and patients with polycythemia may exhibit increased  values due to the longer half-life 
of red blood cells in these patients.  

 
VI. Glycated Proteins 
 
 Due to their shorter plasma half lives, glycated proteins such as glycated albumin may be useful in 

assessing the average blood glucose concentration over one to two weeks. The most popular method at 
this time is the fructosamine assay which is a measure of glycated plasma proteins. Since the t1/2 of 
hemoglobin is 60 days, HbA1c and GHb values reflect glycemic control for the previous 6-8 weeks. For 
fructosamine, the period of glycemic control is based on albumin (t1/2 = 18 days) and a variety of other 
proteins (t1/2 range from 2.5 to 23 days). Therefore, fructosamine reflects control over the previous 2-3 
weeks. While this method is still being critically evaluated it is being used at some sites. It should be used 
with caution as many investigators believe that the assay is not reliable. 
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VII.  Proteinuria 
 
 Diabetic patients, even with recent onset, have increased urinary excretion and clearance of proteins with 

a MW higher than 40,000 when compared with non-diabetics. This increased glomerular permeability can 
become non-selective for the larger proteins and may progress to several grams of protein loss/24 hour. 
Since the appearance of proteinuria (albumin) is the earliest sign of renal involvement by the diabetic 
process, it is advisable to perform at least semi-quantitative tests for proteinuria eventually to be followed 
by precise quantitation (see Urinalysis) for albumin. The first signs of renal damage are signified by the 
appearance of microalbuminuria. (Microalbuminuria means small amounts of albumin and not a small, 
abnormal molecule of albumin). Microalbuminuria may occur at a time when there is not yet any 
evidence of decreased glomerular filtration rate or evidence of glomerular lesions. It is a strong, early 
predictor of impending nephropathy in diabetic patients. Microalbuminuria is not detected with routine 
protein methods and requires special techniques. 

 
VIII. Anti-Insulin Antibodies 
 
 Before the availability of highly purified animal insulin preparations and recombinant human insulin, 

development of IgG antibodies to insulin could be demonstrated in nearly all patients receiving insulin 
therapy for more than a few weeks. The extent of antibody formation is a function of: (1) the patient's 
inherent immune response; (2) the species source of the insulin (beef is more immunogenic than pork); 
(3) the pharmaceutical form (long-acting preparations are more immunogenic than regular); and (4) purity 
of the insulin preparation. The clinical significance of these antibodies is not completely known, and in 
most patients they do not appear to be of consequence. In rare patients, however, insulin resistance may 
develop as a result of increased titers of IgG antibodies directed against beef insulin. In most laboratories, 
when this titer is 30 - 50 U/L, immunologic resistance is considered to be present. Occasionally an 
increased titer to pork insulin will be reported. Since this frequently represents cross-reaction between 
beef antibody and pork insulin in vitro, an increased titer to pork insulin does not necessarily preclude the 
clinical efficacy of pork insulin in a given patient. 

 
 With the currently increasing use of purified pork insulin and human insulin preparations, problems of 

immunologic resistance to insulin are quickly disappearing. 
 
IX. Laboratory Tests in the Diagnosis and Management of Hyperglycemic Emergencies 
 
  Plasma glucose Sodium 
  SUN  Potassium 
  Creatinine Bicarbonate 
  Ketone bodies Chloride 
  Osmolality Blood pH 
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CASE 1 
 
A 10-year-old boy, in excellent health until 1 month ago, is noted to have become irritable in school and at 
home and somewhat lethargic after meals. Because his 15 year old brother has recently developed diabetes, the 
mother is concerned and asks the pediatrician to evaluate the boy for diabetes. 
 
Fasting plasma glucose on two occasions is 130 and 140 mg/dL. A random plasma glucose in the afternoon is 
190 mg/dL, HbA1c is 8.5%, and there is no ketonuria. A nearby laboratory is requested to analyze a serum 
specimen for islet-cell antibodies, which are found to be present at a titer of 1:4. 
 
1. Should the boy be considered to have diabetes, and (if so) what type? 
 
2. Should one perform further testing and (if so) what tests should be ordered? 
 
 

CASE 2: 
 
A 68-year-old obese woman is brought semi-comatose to the Emergency Room. She has a history of seizures 
and hypertension and has been treated with phenytoin and thiazide diuretics. She is not known to have 
diabetes. 
 
On physical examination she exhibits a right hemiparesis. Initial laboratory results: plasma glucose 1,080 
mg/dL, serum sodium 144 mmol/L, potassium 4.4 mmol/L, chloride 113 mmol/L, bicarbonate 20 mmol/L, 
SUN 60 mg/dL. 
 
1. Calculate the osmolality 
 
2. Is the serum sodium appropriate for the degree of hyperglycemia? 
 
3. What is the effect of the hyperosmolality on the hematocrit? 
 
4. Do you expect ketoacidosis to be present? 
 
5. Why are the SUN and chloride increased and the bicarbonate decreased? 
 

 
CASE 3: 
 
A 40-year-old slightly obese woman has had Type II diabetes for seven years. Her serum glucose was 
relatively well controlled on a sulfonylurea drug. Over the last five months her fasting glucoses have 
progressively increased despite doubling the dose of the oral anti-diabetic agent. 
 
At today's clinic visit she is noted to have lost 12 lbs. in two months, and she has moderate ketonuria. She 
complains of being nervous and of having difficulty concentrating on her work. On physical examination, the 
skin is warm and sweaty. The BP is 160/70 mm Hg and pulse is 100/min. A blood specimen is drawn and sent 
to the laboratory. 
 
1. What laboratory tests should be ordered? 
 
2. Should the patient be switched to insulin therapy? 
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LABORATORY DIAGNOSIS OF 
 

ADRENOCORTICAL DISEASE 
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OBJECTIVES: 
 
By the end of this session the learner should be able to: 
 

 Discuss the adrenal-pituitary-hypothalamus axis 
 Discuss the use of serum cortisol in the workup of hypercortisolism and hypocortisolism 
 Discuss the use of urinary free cortisol in the workup of hypercortisolism 
 Describe the use of serum ACTH in differentiating primary from secondary hypocortisolism, in 

determining the cause of Cushing's disease, in demonstrating ectopic ACTH production, and in 
the diagnosis of congenital adrenal hyperplasia 

 Discuss the performance of the short, low-dose, and high-dose dexamethasone suppression test 
and the interpretation of test results 

 Describe the short and the long ACTH stimulation tests and their use in distinguishing primary 
from secondary hypocortisolism 

 Discuss the corticotrophin-releasing hormone stimulation test and its use to distinguish 
Cushing's disease and ectopic ACTH production  

 Describe the metapyrone test and its use in monitoring the intactness of the pituitary-adrenal 
axis 

 Discuss congenital adrenal hyperplasia and the findings with 21-hydroxylase deficiency (no 
cortisol, no aldosterone, ambiguous genitalia, elevation of serum 17-α-hydroxyprogesterone) 

 Describe primary hyperaldosteronism (Conn's syndrome) and its causes (bilateral adrenal 
hyperplasia and adrenal adenoma) 

 Describe serum aldosterone and renin in primary hyperaldosteronism 
 Discuss secondary hyperaldosteronism and its causes (cirrhosis, nephrotic syndrome, 

congestive heart failure)  
 Describe serum aldosterone and renin in secondary hyperaldosteronism 
 Discuss the signs and symptoms of hypercortisolism 
 Discuss the signs and symptoms of hypocortisolism 
 Describe changes in serum electrolytes, glucose, and urea-nitrogen in hypercortisolism 
 Describe changes in serum electrolytes, glucose, and urea-nitrogen in hypocortisolism 
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LABORATORY DIAGNOSIS OF ADRENOCORTICAL DISEASE 
 
Key Terms 
 
Addison’s disease (Primary hypocortisolism)- Destruction or dysfunction of the adrenal glands; primary 
adrenal insufficiency. 
 
Adrenocorticotropic Hormone (ACTH) - Secreted by the anterior pituitary; acts primarily on the adrenal 
cortex to increase secretion of corticosteroids.  
 
Aldosterone- The major mineralocorticoid steroid hormone secreted by the adrenal cortex; controls salt and 
water balance in the kidney. 
 
Congenital adrenal hyperplasia- Also known as adrenogenital syndrome.  A group of hereditary diseases 
that result from enzyme deficiencies in the steroid hormone production pathways. 
 
Conn’s syndrome- Primary hyperaldosteronism.  
 
Corticotropin releasing hormone (CRH) - Secreted by hypothalamus; causes release of ACTH from anterior 
pituitary. 
 
Cortisol- The major adrenal glucocorticoid synthesized in the zona fasciculata of the adrenal cortex; affects 
the metabolism of glucose, proteins, and lipids and has appreciable mineralocorticoid activity. 
 
Cushing’s syndrome (Hypercortisolism) - Result of excessive cortisol. 
 
Glucocorticoids- A group of steroid hormones secreted by the adrenal cortex that have multiple physiological 
effects including regulation of carbohydrate metabolism.  Cortisol is the major glucocorticoid in humans. 
 
Hyperaldosteronism- Increased secretion of aldosterone from the adrenal cortex either because of elevated 
blood renin levels or autonomous adrenocortical secretion (Conn’s syndrome). 
 
Mineralocorticoids- Steroid hormones secreted by the adrenal cortex that stimulate the reabsorption of 
sodium and the excretion of potassium in the distal tubules of the kidneys.  Aldosterone is the major 
mineralocorticoid in humans. 
 
Renin-angiotensin system- This system is responsible for the regulation of aldosterone secretion from the 
adrenal cortex.  
 
For the proper understanding of the principles on which the diagnostic tests of adrenocortical function are 
based, it is desirable to understand the histology, biochemistry, physiology and pathology of the hypothalamus, 
pituitary, and adrenal glands and their functional interrelationships. Review of these topics prior to study of 
this chapter is recommended. The hypothalamic - pituitary - adrenal cortex interactions are outlined on the next 
page.   
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HYPOTHALAMIC - PITUITARY - ADRENAL CORTEX INTERACTIONS 
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The diagnostic approach to hypercortisolism, hypocortisolism, congenital hyperplasia, and hyperaldosteronism 
is the focus of this chapter. These conditions are the most frequently encountered abnormalities of 
adrenocortical function. In clinical practice they may constitute life-threatening medical emergencies requiring 
rapid diagnosis and institution of appropriate therapy. The following tests serve in the evaluation of the above 
conditions: 
 
 Serum cortisol 
 Urinary free cortisol 
 ACTH in plasma 
 Dexamethasone suppression test 
 ACTH stimulation test 
 CRH stimulation test 
 Metyrapone test 
 Serum 17-α-hydroxyprogesterone 
 
Basic Diagnostic Considerations 
 
The major adrenal corticosteroids are normally produced at the following rates: 
 
        Cortisol 25 mg/day 
        Corticosterone 2 mg/day 
        Aldosterone 0.2 mg/day 
 
It is apparent that cortisol is the major steroid. The first diagnostic effort should establish the presence or 
absence of normal cortisol production by measuring the serum cortisol levels and urinary free cortisol. 
 
I. Serum Cortisol 
 
 Cortisol is produced in the zona fasciculata of the 

adrenal cortex from cholesterol through a series of 
enzymatic reactions, the rates of which are 
controlled by ACTH. Only cortisol (and none of 
its precursors) when secreted into the bloodstream 
effects negative feedback on the hypothalamus and 
on ACTH release by the pituitary. ACTH release 
is further controlled by CRH (corticotrophin 
releasing hormone) from the hypothalamus and is 
subject to a diurnal rhythm related to the sleep-
wake cycle and the influence of stress. 

 
ACTH release during a 24 hour cycle occurs in several bursts. The largest one is in the morning hours between  
5 and 8 a.m. but others during the day appear related to food ingestion. Since the half-life of ACTH in  
circulation is only about 5 minutes while that of cortisol is about 65 minutes, the cortisol burst responses in the  
blood are less pronounced than those of ACTH and also lag behind. Cortisol serum levels are lowest from  
midnight to 4 a.m. and highest from 6 to 9 a.m. (Figure 1). However, for practical reasons, sampling of blood  
for studying the diurnal rhythm is done at 8 a.m. and 4 p.m., the evening values normally being about half of  
the morning values. 
 
The total cortisol circulating in plasma is in mass equilibrium between protein-bound and free fractions such  
that 80% is bound firmly to transcortin (CBG, cortisol binding-globulin, an α1-globulin produced by the liver)  
and 10% is weakly bound to albumin. The remaining 10% is free. Only the free cortisol is metabolically active,  
and its level determines urinary excretion. 
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The level of circulating transcortin rises in pregnancy and with estrogen therapy, resulting in an elevation of  
total blood cortisol.  The free remains normal since it is regulated by feedback mechanism. 
 
Transcortin normally is nearly saturated with bound cortisol. Thus, as in hypercortisolism, the binding capacity  
of CBG is exceeded when cortisol levels rise beyond 20 to 25 μg/dL, resulting in a steep rise in free cortisol.  
The result is a sharp increase in urinary excretion of free cortisol while the rise in plasma cortisol is less  
dramatic. 
 
 Methodology. Blood cortisol is best determined 

by immunoassays. Although a major 
improvement over previous techniques, these 
methods are not entirely specific since 
corticosterone, cortisone, 11-desoxycortisol, 
progesterone, and some synthetic steroids also 
bind in varying degrees to antibodies used in the 
assays. In conditions where these compounds 
may be elevated, this cross reactivity should be 
kept in mind. 

 
 Figure 1.  ACTH release during a 24-hour cycle 
 
Sample handling. Cortisol is a fairly stable substance, and clotted blood samples suffice when sent to the  
laboratory without delay. 
 
 Reference ranges: Morning values: 6-24 μg/dL 
  Evening values: 3-12 μg/dL 
 
Interpretation of abnormal values: 
 
Increased values and  abolishment of diurnal variation are seen in Cushing's syndrome. Increased  
values are also seen in pregnancy and estrogen treatment (contraception) due to increase of CBG without  
functional hypercortisolism, in alcoholism, in stress, and in starvation. 
 
Low values are seen in Addison's disease, chronic illnesses, and in adrenogenital syndrome. 
 
 
II. Urinary Free Cortisol. 
 
 It would be desirable to measure the free cortisol in blood as this fraction constitutes the metabolically 

active form. However, this is technically not easily achieved. As the urinary excretion of cortisol parallels 
the level of free plasma cortisol, the former can be used as an indirect measure of the latter. 

 
 As stated previously, a rise in plasma cortisol beyond about 20 μg/dL, the approximate saturation level of 

transcortin, leads to a sharp increase of free cortisol and urinary cortisol excretion. For instance, a rise of 
plasma cortisol from 20 to 25 μg/dL may be accompanied by a doubling of urinary free cortisol, or a rise 
from 20 to 40 μg/dL in plasma may be accompanied by a five-fold rise in the urine. Thus, with urinary 
free cortisol determinations it is possible to differentiate more easily between normal and abnormally 
increased cortisol production as there is little overlap between the normal range and the range of values 
found in Cushing's syndrome. In the diagnosis of Cushing's syndrome, the sensitivity of this test is 96.9% 
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and the specificity is 94.3%. Values seen in Cushing's syndrome are almost always higher than 120 
μg/day. In fact, this test is most sensitive in the detection of hypercortisolism. Furthermore, in conditions 
of increased turnover of corticosteroids (e.g., with obesity), or with increases in transcortin (e.g., as in 
pregnancy), in which the level of circulating free cortisol is not increased, the urinary free cortisol values 
remain normal. 

 
 This test is not useful in the assessment of Addison's disease, since a great deal of overlap of values 

occurs in the lower range of normal. Mild increases have occasionally been reported in starvation or with 
the use of topical steroids. 

 
 Reference range: 20-90 μg/day 
 
 Precautions. A careful 24 hour urine collection is necessary. Values may be low in renal disease with 

reduced glomerular filtration. Determination of 24 hour urine creatinine excretion is of help to evaluate 
complete urine collection (1-2 g/24 hour). 

 
 
III. Adrenocorticotropic Hormone (ACTH) 
 
 The measurement of plasma ACTH would be a most useful diagnostic test in the evaluation of hyper- and 

hypocortisolism. Unfortunately, there are still technical and practical limitations which have prevented 
this test from becoming widely applied. ACTH is very unstable in blood samples because of its 
destruction by proteolytic enzymes within a few minutes. Specimens should be centrifuged at 4 °C and 
immediately frozen. It is adsorbed onto glass, and thus glass collection tubes should be avoided.  

 
 The test, however, can have considerable diagnostic value if test conditions are rigidly controlled 

(addition of proteolysis inhibitors, immediate icing of blood samples, immediate handling by the 
laboratory during standard sampling times between 8 and 10 a.m.). Under these conditions normal 
subjects show serum concentrations ranging 50 to 100 pg/mL if a method is used that detects intact 
molecules and some fragments. The main application of this method is for detection of ectopic tumors. 
Values are 10-50 pg/mL if the method detects only intact ACTH. This method is preferred to evaluate 
pituitary ACTH secretion. 
 
The test is used: 

 
 a. to differentiate primary from secondary adrenal insufficiency. In the primary form, because of the 

absence of the negative feedback on the pituitary by cortisol, ACTH secretion is not inhibited and 
levels are usually greater than 200 pg/mL.  In the secondary form, due to pituitary insufficiency, 
levels are below 75 pg/mL. 

 
 b. to determine the cause of Cushing's syndrome. In basophilic adenoma and ectopic ACTH 

production (as by oat cell carcinoma of the lung) levels may be higher than 200 pg/mL. In patients 
with adrenal adenomas or carcinomas that produce cortisol in excess, ACTH levels are low. 

 
 c. in the demonstration of ectopic ACTH production by rapidly growing malignancies before the 

full-blown Cushing's syndrome develops. Values may be > 300 pg/mL. 
 
 d. in the diagnosis of congenital adrenal hyperplasia. These patients lack cortisol and, therefore, have 

high ACTH levels. ACTH levels are expected to be in the normal range with adequate cortisol 
treatment. 
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IV. Dexamethasone Suppression Test 
 
 This test is used in the differential diagnosis of Cushing's syndrome. Its purpose is to determine whether 

the hypercortisolism that causes this syndrome is pituitary-dependent or not. 
 
 Dexamethasone is a synthetic fluorine-

containing cortisol analogue which has 10 to 20 
times the metabolic potency of cortisol, 
including its negative feedback action on the 
pituitary. When given to patients in small test 
doses, dexamethasone inhibits ACTH release 
from the pituitary without contributing 
measurably to the total pool of glucocorticoids. 
Thus, under these conditions, dexamethasone 
does not interfere with plasma cortisol and 
urinary steroid measurements. 

 
 

 
 Three versions of this test are in use: 
 
 a. The short (overnight) dexamethasone suppression test. This is a simple screening test only used to 

rule out Cushing's. If depressed, the test is meaningful. Stress and obesity may invalidate the test. 
 
  One (or two) mg of dexamethasone is given orally to the patient at 11:00 p.m., and at 8:00 a.m.  
  a blood specimen is obtained for serum cortisol measurement. 
 
  Interpretation of results: 
 
  Serum cortisol less than 5 μg/dL = normal  
  Serum cortisol greater than 10 μg/dL = possible Cushing's syndrome. 
 
  Advantages:  Simplicity; may be done on an outpatient basis. 
 
  Disadvantages: False positives (nonsuppression) in psychiatric disease, stress, induction of 

increased metabolism of dexamethasone in the liver by phenytoin (Dilantin), high cortisol values 
because of increased transcortin (pregnancy, contraception), and obesity. Of critically ill 
hospitalized patients, 25% will have a false positive result. False negatives are rare (< 1%). 

 
 b. The low-dose dexamethasone suppression test. The purpose of this test is the same as the short 

(overnight) test, but there are fewer false positives with this test. However, there are more false 
negatives (suppression in true Cushing's) with this test than with the short test above. 

 
  A 0.5 mg dose of dexamethasone is given orally every 6 hours for 48 hours. Interpretation of 

results: 
 
  Serum cortisol less than 5 μg/dL = normal 
  Serum cortisol greater than 10 μg/dL = Cushing's syndrome. 
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 c. The high-dose dexamethasone suppression test. This test is performed as a follow-up after a low-
dose test has shown no suppression. Its purpose is to distinguish adrenal hyperplasia caused by 
tumors of the pituitary (basophilic adenomas) from autonomous cortisol-producing adrenal 
adenomas and carcinomas, and ectopic carcinomas (i.e., oat cell carcinoma of the lung). The test is 
also helpful in distinguishing Cushing's disease from ectopic ACTH secretion since the ectopic 
tumor generally resists negative feedback. 

 
  Procedure: 
  Twenty-four hour urine collections are obtained daily for four days for free cortisol and  

17-hydroxycorticosteroid determinations. Dexamethasone, 2.0 mg orally every six hours, is begun 
at 8 am on the second day and continued for eight doses. Free cortisol and creatinine are measured 
in each twenty-four hour urine sample. Other measurements include plasma cortisol at 8 a.m. and  
8 p.m. on the first day to look for diurnal variation and at 8 a.m. on the fifth day. 

 
  Interpretation of results: 
  Patients with Cushing's disease due to an ACTH-secreting pituitary adenoma usually show 

suppression of urinary free cortisol and 17-hydroxycorticosteroid excretion greater than or equal to 
50% of baseline by the fourth day, lack of diurnal variation in plasma cortisol, and plasma cortisol 
≤10 μg/dL at 8 a.m. on the fifth day. 

 
  Lack of suppression of urinary free cortisol suggest either autonomous production of cortisol due to 

adrenocortical adenoma or carcinoma or autonomous ACTH production ectopically by certain types 
of carcinoma. 

 
  Further differentiation: Carcinomas of the adrenal cortex usually produce much larger amounts of 

steroids including androgens (testosterone) than do adenomas. 
 
  Ectopic ACTH production sometimes can be demonstrated by selective venous blood sampling (via 

catheterization) from blood vessels draining tumor areas. 
 
V. ACTH Stimulation Test 
 
 The purpose of this test is to assess the ability of the adrenal cortex to respond to ACTH stimulation by 

production of glucocorticoids. The test is used mostly in the differentiation of primary hypocortisolism 
(due to adrenal failure) from secondary hypocortisolism (due to hypopituitarism). 

 
 ACTH is a polypeptide chain composed of 39 amino acids. The biological activity of the hormone resides 

in that portion of the molecule comprising amino acid residues 1-24 (identical in all species so far 
examined). For medical use a synthetic ACTH consisting only of these 24 amino acids has been prepared. 
It has full biological activity and lacks antigenicity. The preparation mostly used in the U.S. is Cortrosyn. 
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 A short and a long version of the test are in use. 
 
 a. The short ACTH stimulation test. 
 
  A blood specimen is first drawn to obtain a baseline cortisol and then 250 μg of Cortrosyn are given 

IV. Thirty and sixty minutes later, additional blood specimens are drawn for the stimulated cortisol 
levels. A normal response is a rise of at least 7 μg/dL after 30 minutes and a rise of  
11 μg/dL after 60 minutes. 

 
  If a normal response is obtained, nothing further needs to be done regarding assessment of 

adrenocortical function; the adrenal cortex has responded normally. 
 
  If a subnormal response or no response is observed, the long stimulation test is indicated.  In 

hypopituitarism of some duration the adrenal cortex is hypotrophic and needs stimulation over a 
longer period of time to respond. The test can be done on an outpatient basis. 

 
 b. The long ACTH stimulation test. This test distinguishes primary from secondary hypocortisolism. 
 
  Intravenous infusions of ACTH over 6 to 8 hours are given for 2 to 5 days. Urine free cortisol and 

serum cortisol are measured daily. 
 
 Interpretation of results: 
 
 Serum cortisol values that are over 20 μg/dL exclude primary adrenal insufficiency. Glucocorticoid 

withdrawal would be required before assessing secondary or tertiary adrenal insufficiency in such cases. 
Little or no increases in cortisol secretion are seen in primary adrenal failure even over successive days. 
A progressive staircase rise is seen over 2 to 3 days in adrenal insufficiency caused by pituitary or 
hypothalamic disease or steroid level suppression. Little or no response is also seen in congenital adrenal 
hyperplasia due to 21- and 17-hydroxylase deficiencies. 

 
VI. CRH Stimulation Test 
 
 The CRH (corticotropin releasing hormone) stimulation test may help to differentiate between Cushing's 

disease and ectopic ACTH production. An intravenous bolus (100 μg) of CRH results in an increase in 
plasma cortisol levels in normal individuals and patients with tertiary adrenal insufficiency 
(hypothalamic). Most patients with Cushing's disease show normal or, frequently, exaggerated ACTH 
and cortisol responses to synthetic CRH, whereas patients with ectopic ACTH - secreting or 
adrenocortical tumors show no response. 

 
  Normal Individuals: peak serum cortisol occurs 60 minutes after injection and does not 

exceed 29.7 μg/dL 
 
  Cushing's Disease:  serum cortisol >29.7 μg/dL or a rise of >25% above the basal level 

in patients with a basal serum cortisol >29.7 μ/dL 
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VII. Metyrapone Test 
 
 Metyrapone selectively inhibits 11 β-hydroxylase in the 

adrenal cortex.  This enzyme is involved in the 
conversion of 11-desoxycortisol (Compound S) to 
cortisol, the last step in the formation of cortisol. Thus, 
when metyrapone is given to a patient, cortisol 
production is inhibited. 

 

 
 
   11 β-hydroxylase 
 11-deoxycortisol  cortisol 
 
    Inhibition by metyrapone 
 
 This has two consequences: 
 
 The negative feedback on the pituitary by cortisol is diminished, and the normal pituitary responds with 

an increase of ACTH release. The increased ACTH stimulates the adrenal cortex to produce 
adrenocortical hormones (except cortisol, whose synthesis is blocked) and to increase production of the 
precursors of cortisol (e.g., Compound S or 11-desoxycortisol) which appear in the circulating blood and 
in the urine, where they can be measured. 

 
 In clinical practice metyrapone is used to test the ability of the pituitary to produce ACTH and to check 

the intactness of the pituitary-adrenal axis. The test differentiates only between normal and adrenal 
insufficiency. Since both a normal pituitary and a normal adrenal are required for a normal response, the 
test cannot differentiate between primary and secondary adrenal insufficiency. Furthermore, since 
metyrapone accentuates a pre-existing hypocortisolism, an acute crisis of adrenal insufficiency may be 
provoked by the test. For these reasons as well as the length of the test requiring hospitalization for 
several days, the metyrapone test is used infrequently. 

 
VIII.Congenital adrenal hyperplasia 
 
 This is a relatively rare clinical syndrome in neonates and young children and is caused by genetically 

determined enzyme defects of the adrenal. Because of the inherent teaching value of these deficiencies in 
regard to steroid biogenesis and because the severe forms may constitute medical emergencies requiring 
immediate diagnosis and therapy, a brief discussion of these conditions is included here. Six well-defined 
and distinct enzyme deficiencies are known (in the approximate order of frequency of occurrence): 

 
 1. 21-hydroxylase deficiency 
 2. 11-β-hydroxylase deficiency 
 3. 20, 22-desmolase deficiency 
 4. 3-β-hydroxysteroid dehydrogenase deficiency 
 5. 17-α-hydroxylase deficiency 
 6. 18-hydroxylase deficiency 
 
 The 21-hydroxylase deficiency is by far the most frequent (> 90% of all cases) and for this reason it will 

be considered here. 
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 The terms adrenogenital syndrome and congenital adrenal hyperplasia should not be applied to all of the 6 
listed deficiencies since anomalous sexual development and adrenal hyperplasia are seen only in some of 
these conditions. 

 
IX. Serum 17-α-Hydroxyprogesterone. 
 
 This test is used in the differential diagnosis of adrenogenital syndrome (congenital adrenal hyperplasia) 

to detect 21-hydroxylase deficiency. This enzyme converts 17-α-hydroxyprogesterone to 11-
desoxycortisol in the pathway of cortisol biosynthesis in the adrenal. If the enzyme is absent, this 
biosynthetic step is blocked and 17-α-hydroxyprogesterone accumulates in high concentration in the 
blood (Chart I). This condition may constitute a life-threatening medical emergency. The test can be 
done within a few hours (without having to resort to 24-hour urine collections) before steroid treatment is 
instituted. 

 
 Reference values: 
 
   Less than 100 ng/dL 
   In patients with 21-hydroxylase deficiency: greater than 1000 ng/dL 
 

 
X.    Diagnosis of 21-hydroxylase deficiency 
 
 A clinically severe and a milder form of this disease are observed. In the severe form there is marked 

sodium depletion since the 21-hydroxylase not only is involved in the biosynthesis of cortisol but also in 
that of aldosterone. Thus, these infants suffer from hypocortisolism and hypoaldosteronism with salt loss. 
Because the negative feedback control by cortisol on the pituitary is absent, ACTH production is 
unchecked and the precursors prior to the enzymatic block accumulate. These precursors lead to increased 
production of androgens that are the causes of the anomalous genital development, virilization 
(pseudohermaphroditism) in girls, and precocious puberty in boys. 

 
 In the clinically severe form, correction of the electrolyte abnormality and steroid replacement should be 

initiated without delay. Serum electrolyte and cortisol measurements should be obtained immediately in 
order to manage the acute condition. Blood and urine samples should also be collected prior to or at the 
beginning of treatment. Serum 17-α-hydroxyprogesterone may be elevated more than 10-fold, which is 
virtually diagnostic. 

 
 If successful replacement steroid therapy is instituted, ACTH production by the pituitary is inhibited, and 

the abnormally high levels of serum 17-α-hydroxyprogesterone and urinary steroids decrease. This can be 
used as a guide to successful treatment. 

 
 In the milder form the major abnormality is hypocortisolism while sufficient aldosterone is produced to 

prevent salt loss. However, virilization is still seen because of the overproduction of androgens. In some 
patients the only biochemical abnormality is an elevated serum level of 17-α-hydroxyprogesterone which 
is the diagnostic feature of this condition. These patients may be capable of producing sufficient cortisol 
for normal maintenance but are unable to increase cortisol when under stress. 
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XI. Hyperaldosteronism (Conn's Syndrome)  
 
 Hypertension, hypokalemia, suppressed plasma renin activity and increased aldosterone 

characterized the syndrome of primary aldosteronism reported by Conn in 1955. The principal 
causes of primary aldosteronism reported at that time were adrenal adenoma, bilateral hypertrophy of 
zona glomerulosa cells, and, rarely, adrenal carcinoma. If hyperaldosteronism was initially suspected 
on clinical grounds (hypertension, muscle weakness, latent tetany, paraesthesiae, polydipsia, and 
polyuria), further investigation began with serum electrolytes and urine potassium. Excess 
mineralocorticoids lead to Na+ and water retention, and K+ and H+ loss. The resulting picture of 
hypertension, which includes a high-normal Na+, low K+, low Cl- and high HCO3

- (hypokalemic 
alkalosis) explained less then 1% of essential hypertensive patients. In addition, these patients 
usually had inappropriately high urinary K+ excretion (normal <30 mmol/24 hr when serum K+ <3.6 
mmol/L). 

 
  Further work by Conn in the 1970’s suggested that the prevalence of primary aldosteronism might be 

as high as 10 to 15%. Initially, this was not accepted; however, in the last few years this concept has 
been validated and the early phase of the disease is called “normokalemic primary aldosteronism” 
since patients are frequently normokalemic. It is now recognized that primary aldosteronism is most 
commonly caused by bilateral adrenal hyperplasia (72%) and adrenal adenoma (27%).  

 
 It is now thought that patients with hypertension and hypokalemia, regardless of presumed cause, 

and patients with treatment-resistant hypertension should be screened for primary aldosteronism. 
  
Precautions: 
 One must be aware that primary aldosteronism may be mimicked by treatment with carbenoxolone 

(used in treatment of ulcers) and by ingestion of licorice (both have mineralocorticoid activity). 
 
       Testing for hyperaldosteronism: 
 
 1. Simultaneous measurement of plasma aldosterone and renin. This is an important test to 

distinguish between primary and secondary aldosteronism. In primary aldosteronism, plasma 
renin is reduced. In secondary aldosteronism (which is far more common than the primary form 
and is associated with conditions such as cirrhosis, nephrotic syndrome and congestive heart 
failure), renin is high and is the cause of the excessive aldosterone secretion. The best test is the 
ratio of aldosterone to renin. Patients on beta-blockers, angiotensin-converting enzyme 
inhibitors, angiotensin antagonists, and diuretics should stop these drugs at least 3 days before 
the study. The potassium-sparing diuretic spironolactone (an aldosterone inhibitor) should be 
stopped for 4 weeks before blood sampling. Blood samples are obtained from patients in the 
sitting position. 

 
 2. Bilateral adrenal venous sampling for measurement of aldosterone concentration remains 

the most accurate test in differentiating between an aldosterone-producing adenoma and 
bilateral adrenal hyperplasia, although it can be technically difficult to perform. If the patient 
has an adenoma, the aldosterone is higher in the adrenal vein draining this gland than in the 
inferior vena cava, and lower (suppressed) on the contralateral side. In contrast, aldosterone is 
higher in both adrenal veins than in the inferior vena cava in patients with idiopathic adrenal 
hyperplasia.  
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ADDITIONAL TESTS FOR THE DIAGNOSTIC WORK-UP AND  
MANAGEMENT OF ADRENOCORTICAL DISEASE 

 
I. Hypercortisolism (Cushing's syndrome):  "Hypercortisolism" is now a generic term for elevated 

cortisol for any reason. 
 
 Pituitary-dependent ACTH hypersecretion (Cushing's disease) is the most common (70%) cause of 

endogenous Cushing's syndrome in adults, followed by ectopic ACTH syndrome (12%). ACTH- 
independent causes of Cushing's syndrome include adrenal adenoma (10%) and carcinoma (8%). 

 
 If Cushing's syndrome is suspected on clinical grounds (obesity limited to trunk, moon face, buffalo 

hump, abdominal purple striae, muscular weakness, osteoporosis, hypertension, dys- and amenorrhea, 
mental disturbances, hirsutism, virilization, hyperglycemia), the suspicion can be further confirmed by 
obtaining electrolytes, serum glucose, SUN and urinalysis. 

 
 Electrolytes, glucose, SUN, urinalysis 
 
 Electrolytes: Excess cortisol may have a mineralocorticoid effect leading to sodium and water retention, 

and potassium and hydrogen ion loss. The resulting picture is normal sodium, low potassium, low 
chloride and high bicarbonate (hypokalemic alkalosis). In cases of ectopic ACTH production this may be 
seen before the full picture of Cushing's syndrome develops. 

 
 Glucose: The glucocorticoid effect of excess cortisol causes gluconeogenesis and impaired glucose 

tolerance. Glucose is high in two thirds of cases. 
 
 Urea nitrogen: SUN is moderately elevated because of increased protein breakdown leading to muscle 

wasting, osteoporosis, and negative nitrogen balance. 
 
 Urinalysis: Glucosuria may be present 
 
 Further confirmation of the clinical impression may be performed using Chart II. 
 
II. Hypocortisolism: primary (Addison's disease) and secondary (pituitary) deficiency 
 When hypocortisolism is suspected on clinical grounds (tiredness, weight loss, abdominal pain, nausea, 

hypotension, pigmentation of skin and buccal mucosa, mental disturbances) the suspicion can be further 
confirmed by obtaining serum electrolytes, glucose and SUN. 

 
 Serum electrolytes, glucose and SUN determinations 
 
 Electrolytes: In Addison's disease, because of the lack of aldosterone, sodium is lost in the urine, and 

potassium and hydrogen ions are retained. The typical findings are that of hyperkalemic acidosis. The 
sodium is low or normal (accompanying water loss), potassium  high, chloride  low, and bicarbonate  
low. 

 
 Glucose:  Glucose is low because of lack of glucocorticoid action, and there is increased insulin 

sensitivity. 
 
 Urea Nitrogen: Urea nitrogen may be elevated because of hemoconcentration, volume depletion, and 

reduced glomerular filtration. 
 
 For further confirmation, obtain plasma cortisol, morning value. If this value is high, no further 

investigation of hypocortisolism is indicated. If values are low or low normal, proceed as in Chart III. 
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Chart I.  Pathway of Cortisol Synthesis 
 
 
 Cholesterol  

  20, 22-desmolase 

 Pregnenolone  

   
 
 
    17α-hydroxylase 

 3β-hydroxysteroid 
dehydrogenase and 
Δ5-Δ4-isomerase* 

 
 

17α-hydroxypregnenolone  Progesterone 

  17α-hydroxylase  

3β-hydroxysteroid  21-hydroxylase 

dehydrogenase and   

Δ5-Δ4-isomerase*   
   

17α-hydroxyprogesterone  11-deoxycorticosterone 

   

Greatly increased 
 21-hydroxylase  11β-hydroxylase 

urinary excretion of     
androgens (mainly     
androstenedione)     

and pregnanetriol  11-deoxycortisol  Corticosterone 

 
 

  

 
11β-hydroxylase 

 18-hydroxylase and 
18-oxidoreductase* 

   
 
 

Cortisol  Aldosterone 

 
 
The pathways in the synthesis of cortisol and aldosterone from cholesterol, showing the sites of the enzymic 
block in congenital adrenal hyperplasia that are due to the 21-hydroxylase defect, and the principal steroids 
that are excreted in abnormal amounts in this disease.   
 
* Single enzymes that possess both the catalytic activities that the names describe. 
 
Taken from: Whitby LG, Smith AF, Beckett GJ and Walker SW:  Lecture Notes on Clinical Biochemistry, 

5th Edition.  Oxford:  Blackwell Scientific Publications (1993). 
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Chart II.  Assessment of Cushing's Syndrome 
(Hypercortisolism) 

 
 

 

Borderline
Repeat test

Clearly normal suppression
Cushing's syndrome excluded

High Values
Ectopic ACTH tumor

High
Adrenal carcinoma

more likely

Normal
Adrenal adenoma

more likely

Measure plasma DHEA-S or urinary Testosterone

Low/undetectable
Adrenal tumors

Measure plasma ACTH

No suppression
No response to CRH

Adrenal or ACTH producing tumor

Suppression on high dose Dexamethasone;
Exaggerated response to CRH
Pituitary Cushing's disease

High Dose Dexamethasone Suppression Test;
or CRH Stimulation Test

No or inadequate suppression
Diagnosis of Cushing's confirmed

Low dose dexamethasone suppression test

Inadequate suppression Clearly normal suppression
Cushing's syndrome excluded

Overnight dexamethasone
suppression test (1 or 2 mg)

High urine or plasma cortisol Clearly normal level and rhythmicity
Cushing's syndrome excluded

Measure 24-h urinary free cortisol
Measure basal AM/PM plasma cortisol



 

 297 

C
ha

rt
 I

II
.  

A
ss

es
sm

en
t 

of
 A

d
re

no
co

rt
ic

al
 I

n
su

ff
ic

ie
n

cy
 

(H
yp

oc
or

ti
so

lis
m

) 
   

N
o 

re
sp

on
se

Pr
im

ar
y 

ad
re

na
l f

ai
lu

re

A
C

T
H

 r
es

po
ns

e 
lo

w
Se

co
nd

ar
y 

ad
re

na
l i

ns
uf

fi
ci

en
cy

A
C

T
H

 r
es

po
ns

e 
no

rm
al

T
er

tia
ry

 a
dr

en
al

 in
su

ff
ic

ie
nc

y

C
R

H
 S

ti
m

ul
at

io
n 

T
es

t

D
el

ay
ed

 r
es

po
ns

e
Se

co
nd

ar
y 

or
 te

rt
ia

ry
ad

re
na

l i
ns

uf
fic

ie
nc

y

Pr
ol

on
ge

d 
A

C
T

H
 S

tim
ul

at
io

n 
T

es
t

N
or

m
al

 o
r 

L
ow

Se
co

nd
ar

y 
or

 te
rt

ia
ry

ad
re

na
l i

ns
uf

fi
ci

en
cy

El
ev

at
ed

Pr
im

ar
y 

ad
re

na
l f

ai
lu

re

M
ea

su
re

 P
la

sm
a 

A
C

T
H

Su
bn

or
m

al
 R

es
po

ns
e

In
ad

eq
ua

te
 r

es
po

ns
e

Se
co

nd
ar

y 
ad

re
na

l i
ns

uf
fic

ie
nc

y
N

or
m

al
 r

es
po

ns
e

E
xc

lu
de

s 
se

co
nd

ar
y

ad
re

no
co

rt
ic

al
in

su
ff

ic
ie

nc
y

M
et

yr
ap

on
e 

St
im

ul
at

io
n 

T
es

t

N
or

m
al

 r
es

po
ns

e
E

xc
lu

de
s 

pr
im

ar
y 

an
d 

ov
er

t s
ec

on
da

ry
ad

re
na

l i
ns

uf
fi

ci
en

cy
; p

ar
tia

l A
C

T
H

de
fi

ci
en

cy
 n

ot
 e

xc
lu

de
d

Sh
or

t A
C

T
H

 S
tim

ul
at

io
n 

T
es

t



 

 298

Chart IV.  Decision Diagram for Primary Mineralocorticoidism 
 
 
                                                                    HYPERTENSION 
 
 
      
     Plasma renin activity 
 
      
     Normal or high Suppressed 
 
 
 
     Consider other diagnosis Urinary aldosterone 
 
 
 
     Elevated Normal Low 
 
 
 
     Primary Usually due to 17 α-Hydroxylase 
     Aldosteronism profound K+ depletion (rare) deficiency 
       11β-Hydroxylase 
        deficiency 
       Liddle's syndrome 
     Plasma aldosterone  11β-Hydroxysteroid 
     (response to upright posture)   dehydrogenase 
        deficiency 
       DOC-producing 
        Tumor 
       Primary cortisol 
  Aldosterone > 25 ng/dL Equivocal Aldosterone < 25 ng/dL resistance 
  (no response, or decrease)  (increase) Licorice 
 
 
 
        
        
        
  Adenoma  Suppression studies Hyperplasia 
     Saline infusion  
     Precursor steroids 
 
 
   CT localization, Medical therapy 
    surgery 
 
  Taken from:  Greenspan FS, Baxter JD, Basic & Clinical Endocrinology, 4th Edition.  Norwalk, CT:  Appleton 

& Lange (1994). 
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CASE 1: 
 
A 43-year-old woman has had fatigue, muscle weakness, facial puffiness, and easy bruising for 18 months. 
Physical examination reveals hypertension, round facies, muscle wasting, and numerous purpuric lesions. 
Plasma cortisol level (at 8:00 a.m.) is 32 μg/dL. Urinary cortisol excretion is 475 μg per day; it falls to 150 μg 
per day after administration of dexamethasone, 8 mg daily. Chest and skull roentgenograms show osteopenia, 
without other abnormality. 
 
1. What is the most likely cause (diagnosis) for these findings? 
 
2. What additional studies should be performed? 
 
 
 

CASE 2: 
 
A 26-year-old woman had a normal pregnancy, but her delivery is complicated by uterine atony with excessive 
bleeding and shock. Five days after delivery she develops anorexia, nausea, vomiting, and confusion. At this 
time her blood pressure is 80/40 mm Hg. The physical examination is otherwise unremarkable. 
 
The following laboratory studies are obtained: 
 
 Hemoglobin 11.8 g/dL 
  Leukocyte count 5200/μL 
  Serum 
   Sodium 121 mmol/L 
   Potassium 5.2 mmol/L 
   Creatinine 0.4 mg/dL 
   Glucose 56 mg/dL 
 
 
1. What is the most likely diagnosis? 
 
2. What additional studies should be performed? 
 
 
 

CASE 3: 
 
A 52-year-old man has had general malaise and muscle weakness for 6 months. During the last 3 months he 
developed bilateral gynecomastia. For 2 months he has complained of feeling "fullness" and dull pain in his 
right abdomen and has noticed some weight loss. Laboratory data are: urinary free cortisol  
350 μg/day. Administration of 8 mg dexamethasone daily did not lead to a decrease in urinary free cortisol. 
 
1. What is the most likely diagnosis? 
 
2. What additional studies should be performed? 
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