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Which aspect
of interpreting
lab reports do
you find most
challenging?

[ | Lab-to-lab
variations in
normal ranges

L] Lab-to-lab
variations in report
formats

L] Lab report formats
that are difficult to
understand

U] Lab reports that do

not contain enough
information
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Pitfalls & pearls
for 8 common lab tests

It can be tough to incorporate concepts like sensitivity,
specificity, and positive and negative predictive value
into everyday practice, but lab results may not be
meaningful otherwise. Here’s what you need to know.

PRACTICE
RECOMMENDATIONS

> When interpreting
hemoglobin Alc (HbAIc)
levels, assess for anemia and
other comorbidities that

can significantly affect the
lifespan of red blood cells and
skew HbAIc test results.

> Order nonfasting lipid
panels for patients for whom
fasting laboratory tests are dif-
ficult to obtain, as they have
good clinical utility in screen-
ing and initial treatment. (B)

> Avoid routine thyroid-
stimulating hormone (TSH)
testing in asymptomatic
adults; when testing is indi-
cated, start with TSH. @

Strength of recommendation (SOR)

@ Good-quality patient-oriented
evidence
Inconsistent or limited-quality
patient-oriented evidence
Consensus, usual practice,
opinion, disease-oriented
evidence, case series

rors, but they contribute significantly to the thou-

sands of medical errors that occur every year.! Part of
the problem: While accurate interpretation of lab tests often
depends on the use of statistical concepts we all learned in
medical training, it is difficult to find the time to incorporate
these principles into a busy practice.

Overuse of lab tests presents problems, as well. Because
“normal ranges” for test results are based on statistical analy-
sis, as many as 5% of patients in a standard distribution fall
outside of the range.” It is important to order only the tests
you really need, as extra testing automatically means more
false positive results.

This article was written with such pitfalls in mind. In the
pages that follow, we focus on 8 types of tests family physi-
cians rely on regularly—all cases in which test results are re-
liable only if comorbidities, pre- and post-test probabilities,
and clinical context are carefully considered. To help you
put these lab tests into the proper context, we've addressed
a key question—and highlighted both pitfalls and pearls—
about each.

I aboratory mistakes are not defined as diagnostic er-

i Hemoglobin A1c:
How does anemia affect it?

Hemoglobin Alc (HbAlc) can be measured in many ways, in-
cluding high-performance liquid chromatography, boronate
affinity, capillary electrophoresis, and immunoassay, all of
which can provide equivalent values without significant vari-
ability.** In interpreting these tests, however, it is important
to understand the effect that anemia has on HbAlc.

I Two primary variables influencing HbA1c are the av-
erage glucose level and the average lifespan of red blood cells
(RBCs). Normally, there is a direct correlation between average
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It's important to order
only the tests you really
need, as extra testing
automatically means
more false positive results.
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serum glucose and HbAlc." In patients with
anemia, however, this relationship is less clear,
and may be affected by erythropoiesis and
RBC destruction.’ In iron deficiency anemia
(IDA),*” hemoglobin production falls second-
ary to iron stores, resulting in microcytic cells
with a longer lifespan and elevated HbAlc. In
at least one study,>” HbAlc approached levels
associated with diabetes (with increases as
high as 1.5%) in nondiabetic patients, but re-
solved with treatment of IDA.

Increased destruction as well as in-
creased production of RBCs lowers their
lifespan, and in turn decreases HbAlc lev-
els (TABLE 1).* This can be seen in conditions
such as splenomegaly and hemoglobinopa-
thies. In patients with hemoglobinopathies,
the percentage of hemoglobin A is signifi-
cantly decreased, often to undetectable lev-
els—thereby making HbAlc tests inaccurate.
Hemoglobin electrophoresis and determina-
tion of glycation by capillary electrophoresis
or high-performance liquid chromatography
can be used instead, but neither is practical
because of cost and limited availability.**?

THE TAKEAWAY: When you evaluate HbAlc
test results, it is crucial to assess the patient for

N JFPONLINE.COM

anemia and other conditions or comorbidities
that can significantly affect RBC lifespan and
skew test results.>*¢

2 D-dimer:
When should you use it?

D-dimer is a fibrin degradation product that is
increased when active clotting is present,'* and
its assay—which has high sensitivity and low
specificity—is widely used to screen for pul-
monary embolism (PE) and deep vein throm-
bosis (DVT). While the minimal number of
false negatives makes the D-dimer a good
screening test, the higher rate of false posi-
tives makes it difficult to arrive at a definitive
diagnosis. Appropriate use of the D-dimer
assay is crucial to minimize the potential for
adverse consequences, such as bleeding in
patients who are subjected to unnecessary
anticoagulation because of false positive
results.

I Further testing typically follows. A
positive D-dimer test is commonly followed
by a computed tomography (CT) scan of the
chest or a ventilation/perfusion scan to es-
tablish a PE or DVT diagnosis. But this subse-
quent testing increases both the cost of health
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are unwilling or
unable to return
for fasting labs.

200

TABLE 1

Is the HbAlc accurate? Consider these factors*

Condition/comorbidity Mechanism of action Effect on HbA1c

Iron deficiency RBC production Elevation

Vitamin B12 deficiency decreases

Lack of erythropoietin

Pregnancy

Renal failure

Hemoglobinopathies RBC destruction Decline

Rheumatoid arthritis LSR5

Splenomegaly

Elevated erythropoietin RBC production Decline

Chronic liver disease increases

Iron deficiency (initial treatment)

Vitamin B12 deficiency (initial treatment)

Splenectomy RBC destruction Elevation
decreases

HbA1c, hemoglobin A1c; RBC, red blood cell.

care and the patient’s radiation exposure. Use
of these subsequent scans can be reduced by
first considering the patient’s pretest prob-
ability for PE or DVT. The Wells’ Criteria
(available at www.mdcalc.com/wells-criteria-
for-pulmonary-embolism-pe/) and Geneva
Score (Revised) (www.mdcalc.com/geneva-
score-revised-for-pulmonary-embolism/) can
both be used for this purpose.'®

1 Patients with high pretest probability
should undergo immediate scanning, forego-
ing the D-dimer—which should be reserved
for patients who have a low or moderate pre-
test probability but sufficient reason to sus-
pect PE or DVT.10-12

IThe low specificity of the D-dimer
assay poses another challenge to its effec-
tive use. There are many things that can in-
crease D-dimer levels, such as age, cancer,
prolonged immobility, autoimmune disease,
inflammation, sickle cell disease, pregnancy,
trauma, and surgery.”®'® All these factors
must be taken into consideration prior to or-
dering this test.

In fact, one recent study found that using
an age-adjusted D-dimer cutoff (patient’s age
in years x 10 mcg/L)—rather than a conven-

tional cutoff of 500 mcg/L—for patients older
than 50 years reduces false positives without
substantially increasing false negatives.'®
Also of note: An anticoagulant can de-
crease D-dimer levels in plasma, so the test
should not be used to rule out PE or DVT in pa-
tients who are undergoing anticoagulation.'*"

THE TAKEAWAY: In evaluating patients for
PE or DVT, use the Wells’ Criteria or Geneva
Score (Revised) to determine a patient’s pretest
probability of disease. Use the D-dimer assay
to safely rule out these conditions in patients
with a low or intermediate pretest probability,
but go directly to scans for those with a high
pretest probability.

3 Lipid panels:
How important is fasting?

Patients are often instructed to report for
fasting lab studies, specifically for lipid pro-
files. Traditionally, this had been defined
as an 8- to 12-hour period without food.!” In
clinical practice, however, this is often misin-
terpreted by patients, who may be confused
about the duration of the fast or unsure about

THE JOURNAL OF FAMILY PRACTICE | APRIL 2014 | VOL 63, NO 4



LAB TEST PITFALLS & PEARLS

whether to eat or drink immediately before
the test.

Studies investigating the effect of meals
on lab values have found that triglycerides
are consistently elevated postprandially, to
a maximum of 12 hours.'®*' The effect of the
fasting state on total cholesterol, low-density
lipoprotein (LDL) cholesterol, and high-den-
sity lipoprotein (HDL) cholesterol is more
controversial; while some postprandial dif-
ferences have been detected, the clinical rel-
evance is equivocal.'®*

I Nonfasting lipid values can offer use-
ful information, particularly in patients who
are unwilling or unable to return for fasting
labs. The US Preventive Services Task Force
(USPSTF) supports this practice.?” Because
guidelines for evaluation and treatment are
based on fasting lipids, however, fasting lab
work should be used, whenever possible, for
initiating treatment and monitoring patients
with abnormal values. If nonfasting lipids are
used, it is crucial to factor in the postpran-
dial effects on triglycerides and the subse-
quent difficulty of assessing LDL cholesterol
levels.

THE TAKEAWAY: The clinical relevance of
postprandial vs fasting lipid levels is equivo-
cal. Nonfasting lipid panels have reasonable
clinical utility in screening and initial treat-
ment, particularly in cases in which obtaining
fasting lab values may be problematic.’®"

E4. Mononucleosis spot test:
When should you use it?
The monospot test is a latex assay that causes
hemagglutination of horse RBCs in the pres-
ence of heterophile antibodies characteristic
of infectious mononucleosis.* The antibod-
ies develop within the first 7 days of onset of
symptoms, but do not peak for 2 to 5 weeks.**
As a result, monospot testing yields a high
incidence of false negatives during the first
2 weeks of active infection.?® False negatives
are also common in patients younger than
14 years. Heterophile antibodies may be pres-
ent for up to a year after active infection.*

1 Patients at increased risk for splenic
rupture, such as athletes, pose consider-
able diagnostic difficulty.*® When there is

N JFPONLINE.COM

TABLE 2
Mononucleosis mimics?’

Adenovirus

Bartonella henselae

Corynebacterium diphtheria

Cytomegalovirus

Enteroviruses

Francisella tularensis

Herpes simplex virus

Hodgkin lymphoma

Human herpes virus 6

Human immunodeficiency virus

Mycobacterium tuberculosis

Non-Hodgkin lymphoma

Rubella virus

strong clinical suspicion of mononucleosis
despite a negative monospot test in such
high-risk individuals, follow-up testing is
recommended to differentiate it from other
mononucleosis-like illnesses (TABLE 2).*
The optimal combination of Epstein-Barr
virus (EBV) serologic testing consists of the
antibody titration of 4 markers: immuno-
globulins M (IgM) and G (IgG) to the viral
capsid antigen, IgM to the early antigen, and
antibody to Epstein-Barr nuclear antigen
(EBNA).?® Acute phase reactants in the set-
ting of an antibody to EBNA could indicate
reactivation. A positive test does not exclude
other medical causes, however, because up
to 20% of patients have acute phase antibod-
ies that persist for years.*

Appropriate diagnosis is important be-
cause of the significant morbidity associated
with EBV. Risk of splenic injury is greatest
between 4 and 21 days after onset of symp-
toms but persists at 7 weeks,* so conservative
therapy followed by monospot retesting one
week later is a reasonable approach.

1 Mononucleosis or routine tonsillitis?
It is important to note that there is no evi-
dence that a positive monospot test will affect
the management or outcome of routine ton-
sillitis, raising questions of the utility of the
test in such cases. A better approach: Reserve
testing for patients with additional findings—
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ie, splenomegaly—or whose symptoms have
persisted > 2 weeks.

THE TAKEAWAY: Wait at least 2 weeks to con-
duct monospot testing in patients with routine
tonsillitis. If strong clinical suspicion exists,
proceed with specific IgM and IgG serologic
testing'24,25,27,28

5 Evaluating prescription drug
levels: Which factors interfere?

Correct interpretation of lab tests conducted
to measure prescription drug levels has ma-
jor implications with regard to patient safety,
particularly for medications with a narrow
therapeutic index.

Most drug level tests measure the total
concentration, which includes both bound
and unbound (free) forms. The unbound
forms are the active components of the drug;
thus, for an accurate evaluation, it is impor-
tant to be aware of factors that increase free
drug concentration. Chiefamong themislow
protein levels, or hypoalbuminemia.*

IRisk factors for hypoalbuminemia
include significant burns, advanced age,
pregnancy, malnutrition, and human immu-
nodeficiency virus/acquired immune defi-
ciency syndrome (HIV/AIDS).** HIV/AIDS is
a particularly high risk because certain prote-
ase inhibitors are highly protein bound.

Drug protein binding is classified as low,
moderate, or high. The main proteins involved
in the process are albumin, alpha-1-acid gly-
coprotein, and lipoprotein. Medications that
are highly protein bound (>80%) are the most
affected by low protein levels: Problems can
arise when drugs completely bind to all the
available proteins and excess drug availability
increases free drug levels.

I Medications that are most likely to be
affected by a high degree of protein binding
include carbamazepine, cyclosporine, myco-
phenolic acid, phenytoin, protease inhibitors
(with the exception of indinavir), tacrolimus,
and valproic acid. It is important to consider
free levels when you order medication assays
for these drugs to avoid misinterpreting the
serum levels as being too low—a scenario that
raises the risk of drug toxicity and adverse
outcomes.**?!

A study of 119 phenytoin samples from 70
patients found significantly higher free phe-
nytoin levels in patients with lower albumin
levels.** Higher free phenytoin levels were also
seen in older patients and in those with dimin-
ished renal function (creatinine clearance <25
mL/min).*? The degree of protein binding is af-
fected by both the serum drug concentration
and the albumin level, with saturable protein
binding occurring at higher drug levels.*

I Calculate phenytoin levels with
this equation. To calculate corrected phe-
nytoin levels in patients with low albumin
levels, use the following formula, known as
the Sheiner-Tozer equation:* Concentration
adjusted=concentration reported/([adjustment
x serum albumin] + 0.1); adjustment=0.2 for
creatinine clearance 220 or 0.1 for creatinine
clearance <20.

1 Additional causes of misinterpreted
drug levels. While hypoalbuminemia plays
a major role in the misinterpretation of drug
levels, other factors affect serum drug con-
centration, as well. These include drug-drug
interactions, which can significantly in-
crease the concentration of the medications
involved, and the timing of the test with re-
gard to medication administration. Digoxin
levels, in particular, need to be drawn at
least 6 to 8 hours after the last dose is taken
to allow for appropriate drug distribution.*

THE TAKEAWAY: It is essential to consider free
drug level monitoring in patients who either
have hypoalbuminemia or have one or more
risk factors for hypoalbuminemia to avoid
falsely low estimation of drug levels.**%"

6 Liver function tests: Necessary
for patients on statin therapy?
Since statins gained US Food and Drug Ad-
ministration (FDA) approval, the drugs have
been associated with increased liver func-
tion tests (LFTs). Indeed, there had been a
long-standing belief, based on clinical trials,
that by monitoring alanine aminotransferase
(ALT) and maintaining it at <3 times the up-
per limit normal (ULN), hepatotoxicity could
be avoided.®® In clinical practice, however,
further ALT elevation is frequently allowed
based on patient tolerability.
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TABLE 3

Urine drug screens: These agents could trigger a false positive result®

Agent(s) screened for

Potential causes of false positives

Amphetamines

Amantadine, benzphetamine, brompheniramine, bupropion, chloroquine, chlorpromazine,
desipramine, dextroamphetamine, doxepin, ephedra/ephedrine, fenfluramine, ginkgo, isome-
theptene, labetalol, MDMA, mebeverine, methamphetamine, ofloxacin, phentermine, phenyl-
ephrine, phenylpropanolamine, pseudoephedrine, ranitidine, ritodrine, selegiline, thioridazine,
trazodone, trimethobenzamide, trimipramine

Barbiturates

NSAIDs, phenytoin, tolmetin

Benzodiazepines

NSAIDs, oxaprozin, sertraline, tolmetin

Cannabinoids

Dronabinol, efavirenz, hemp-containing foods, NSAIDs, PPIs , rifampin, tolmetin

Cocaine

Coca leaf tea, topical anesthetics containing cocaine

Methadone

Chlorpromazine, clomipramine, diphenhydramine, doxylamine, quetiapine, thioridazine,
verapamil

Opioids/opiates

Dextromethorphan, diphenhydramine, doxylamine, fluoroquinolones, ibuprofen, imipramine,
ketamine, meperidine, mesoridazine, quinine, ranitidine, rifampin, thioridazine, tramadol,
venlafaxine, O-desmethylvenlafaxine

Phencyclidine

Dextromethorphan, ibuprofen, venlafaxine

Tricyclic antidepressants

Carbamazepine, cyclobenzaprine, cyproheptadine, diphenhydramine, hydroxyzine, quetiapine

MDMA, 3,4-methylenedioxy-N-methylamphetamine (ecstasy); NSAIDs, nonsteroidal anti-inflammatory drugs; PPIs, proton pump inhibitors.

In February 2012, the FDA revised its
safety data to reflect this practice.* The FDA
update confirmed that routine LFT monitor-
ing is unnecessary for patients on statins—
and that it is not very effective in identifying
or preventing liver damage.

Overall, serious hepatotoxicity is very
rare, with an incidence <2 per 1 million
patient-years.*® The National Lipid Asso-
ciation Statin Safety Assessment Task Force
recommends repeating LFTs that are 3 to
5 times the ULN within 6 months and con-
tinuing with the statin dose if the patient is
asymptomatic.*®

THE TAKEAWAY: Routine liver function moni-
toring is not necessary for patients on statins.
A better approach: Obtain baseline ALT levels,
and repeat the testing only as clinically indi-
cated thereafter.?*%

i7 Urine drug screens: Which
factors affect their accuracy?
The gold standard for testing for drugs of
abuse, urine drug screens (UDS) have good
sensitivity and specificity, easy administra-
tion, and reasonable cost.?** UDS can detect

N JFPONLINE.COM

various narcotics, such as morphine, oxyco-
done, and methadone, and identify other illicit
drugs, although which drugs and metabolites
are tested for is laboratory- and test-specific.

I Cross-reactivity. There are 6 currently
available immunoassays, all of which use
competitive binding between the sample
drug and a drug chemically labeled with an
enzyme, radioisotope, or fluorophore. The
sample drug and labeled drug compete for
substrate binding sites on drug-specific anti-
bodies.*** Similar to competitive binding for
enzymatic reactions in the body, the substrate
binding site can experience cross-reactivi-
ty—causing substances other than the drug
in question to bind to the immunoglobulin,
leading to a false positive result (TABLE 3).%
Other factors that can alter the results include
the cutoff value of the test and the absorp-
tion, distribution, metabolism, and excretion
of the drug.* Thus, a confirmatory test of gas
chromatography-mass spectrometry is rec-
ommended before making decisions based
on the results of UDS.**

1 Routine screens for patients on chron-
ic opioid therapy. Routine use of UDS in
emergency departments is no longer recom-
mended, based on evidence that the results
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are unlikely to have a significant effect on pa-
tient management.”® For patients on chronic
opioid therapy, however, routine screening has
proven helpful in detecting prescription opioid
abuse, illicit drug use, and diversion. Up to 34%
of patients on prescription opioids have been
found to be using illicit drugs, as well.*

THE TAKEAWAY: Use UDS as a tool in man-
aging patients on chronic opioid therapy, but
before acting on results, assess for factors, such
as the use of oral or topical medications and the
cutoff value of the test, that may be associated
with false positive or false negative results.”**®

[ Thyroid function testing:
When should you test?

Thyroid-stimulating hormone (TSH) is the
first-line test when investigating presumed hy-
per- or hypothyroidism."”* Third-generation
chemiluminometric assays can reliably mea-
sure TSH concentrations <0.01 mU/L by using
multiple antibodies to produce a sandwich-
type effect on the molecule in question.*

TSH levels exhibit diurnal variation,
however, and are affected by other medica-
tions, including steroids, opiates, and some
antihistamines, among others, as well as
comorbidities.*”*® Chronic and acute condi-
tions unrelated to thyroid disease can cause
transient changes in TSH concentrations,
and have the potential to modify the binding
capacity of plasma thyroid hormone bind-
ing proteins.”® Thus, TSH should be ordered
for hospitalized patients only when clinical
suspicion of a thyroid problem exists.*”® The
USPSTF recommends against routine TSH
screening for asymptomatic adults.*®

1 How to respond to abnormal results.
For patients found to have abnormal TSH lev-
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