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Abstract: Approximately 70% of all healthcare decisions affecting diagnosis and treatment
involve the use of tests performed within pathology laboratories. The utilisation of diagnostic
laboratory services continues to increase, with growth both in volume of tests requested, as
well as in the breadth of test repertoire. Every year in the United Kingdom, approximately
1 billion tests are run in hospital laboratories, equivalent to 14 tests per person. Fifty million
tests are requested in primary care. Accordingly, there is an inevitable increase in the number
of unexpected laboratory results which clinicians review. This is an important, and poten-
tially time-consuming, issue, which we considered to merit a more detailed discussion.
Unexpected laboratory results may be critical or non-critical in nature. They may be
absolutely genuine, reflecting a clinical change in the patient’s condition, a differential
diagnosis not previously considered, or an additional test specifically added by the labora-
tory. However, such results may also occur due to a variety of different circumstances,
including much more rarely laboratory error. As there is little published evidence or guidance
available, herein we discuss aspects of the clinical approach for physicians after receiving an
unexpected laboratory test result.
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Introduction

It has been reported that approximately 70% of all healthcare decisions affecting
diagnosis and treatment involve the use of tests performed within Pathology
laboratories, though the exact figure is difficult to determine.* The utilisation of
diagnostic laboratory services continues to increase, with growth both in volume of
tests requested, as well as in the breadth of test repertoire. Every year in the United
Kingdom, approximately 1 billion tests are run in hospital laboratories within the
National Health Service, equivalent to 14 tests per person. Fifty million reports are
sent from laboratories to general practitioners.® Accordingly, there is an inevitable
increase in the number of unexpected laboratory results which physicians will
receive, and need to act upon. This is an important, and potentially time-
consuming, issue, which we considered to merit more detailed discussion as there
is little published guidance available.*” In this article, we discuss aspects of the

clinical approach after physicians receive an unexpected laboratory test result.

Causes of Unexpected Laboratory Results

Unexpected laboratory results can be either “critical”, ie test results that are

significantly outside the normal (reference) range and which indicate an immediate
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dangerous or life-threatening state, or “non-critical”.® This
is the major factor which influences the nature and urgency
of the clinician’s response. Unexpected test results may be
absolutely genuine, reflecting a clinical change in the
patient’s condition, a differential diagnosis not previously
considered, or an additional test specifically added by the
laboratory. However, such results may also occur due to
a variety of different circumstances. The explanation can
be related to the sample collection or the sample itself,
related to the sensitivity/specificity of the particular test
method, due to laboratory error, or from application of
inappropriate age/sex reference ranges.” '' Examples of
a range of different causes of unexpected results are pro-
vided in Table 1. We have provided instances from the
different laboratory disciplines, but of course this list is far
from comprehensive.'* '

There are various clinical scenarios in which an unex-
pected laboratory result may occur, including:

e for an analyte with a normal distribution of values,
2.5% of normal individuals will have values above
and below the reference range respectively.'”

e a negative result in a patient with classic presenting
features of a clinical diagnosis.

e one of the parameters in a group test is markedly
abnormal, eg one parameter in a full blood count.'

e a major change in an in-patient test over a short time
period, eg drop in haemoglobin but no obvious clin-
ical evidence of bleeding.”

e in a clinically stable out-patient having regular
bloods for monitoring a chronic condition, or for
drug monitoring in primary care.

e results of tissue biopsy out of keeping with clinical
presentation, and/or with other laboratory tests.

e false positive or false negative testing for infectious
disease such as Hepatitis C or HIV.>'*

e there are abnormal results on the patient sample
which were not ordered by the doctor.'®

Reflex Testing
This is the “but I didn’t order this test” situation. Reflex
tests may be specifically added by laboratory physicians or
clinical scientists after reviewing initial results and clinical
details.'®

For some tests (subject to certain healthcare provider
contractual arrangements), there are laboratory algorithms
which generate “reflex” requesting of additional tests. For

Table |
Laboratory Results

Causes and Clinical Examples of Unexpected

Cause Examples

Genuine Change in clinical condition

Incorrect patient Sample mislabelling’

Artefactual Spurious hypercalcaemia due to prolonged

tourniquet use®

Sample collection Abnormal coagulation results due to sample

tube underfilling or overfilling®”

Sample degradation Elevated potassium in an old sample’

Timing of the test 9am cortisol: sample taken later in day’

Intercurrent illness Abnormal thyroid function during acute
illness'®
Neutrophil function testing during acute

infection®®

Inappropriate Appropriate range not applied for a child or

reference ranges infant. Reference range may not be
appropriate if pregnancy not considered by

patient, doctor, or laboratory’

Sensitivity/specificity False positive Hepatitis C serology, negative

of test method on testing by other methods®

Interfering substances | Falsely low creatinine in patients taking

phenindioneI2

Prozone or “hook” Very high 1gG4 levels interfere with

effect immunoassay, causing erroneously low IgG4

subclass levels in IgG4-related disease®”

Timing of test False negative results if HIV antibody testing

performed too soon — before

seroconversion'*

Testing for certain red cell disorders soon

after blood transfusion*?

Incidental finding Immunoglobulin deficiency in a coeliac

antibody request'?

example, in the Immunology laboratory, the finding of
fluorescent staining in the cytoplasm of an anti-nuclear
antibody request might initiate testing of anti-
mitochondrial antibodies.'” Thus, despite the nucleus itself
being negative, the presence of cytoplasmic staining may
lead to identification of “M2” anti-mitochondrial antibo-
dies. These M2 antibodies have very strong association
with present or future diagnosis of primary biliary cirrhosis
(PBC).'® Indeed, laboratory-initiated protocols have also
led to PBC diagnosis from finding unexplained high alka-

line phosphatase activity, or elevated IgM concentrations.'’
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Repeat Testing

Repeated testing at frequent intervals in in-patients may
sometimes produce what appear to be different results.
There may also be relevance in primary care for patients
on long-term blood monitoring. However, it is important
to note that these differences are not always clinically
significant, particularly over short periods. There may be
acceptable biological variation, the patient may be in
a different physical condition (eg hydration status, nutri-
tional intake), and there is known imprecision in analyser
performance.*'® The last-mentioned relates to the concept
which
a parameter associated with the result of a measurement,

of “uncertainty of measurement” refers to
that characterises the dispersion of the values that could be
reasonably attributed to the measurand.'® According to the
ISO15189 accreditation standards, sources that contribute
to uncertainty may include sampling, sample preparation,
sample portion selection, calibrators, reference materials,
input quantities, equipment used, environmental condi-
tions, condition of the sample, and changes of
operator.'*?° For example, in a patient with hyponatrae-
mia, a sodium level of 129 mmol/L repeated 3 days later
as 131 mmol/L may not necessarily indicate clinical
improvement, but could reflect the expected clinical varia-
bility as well as the uncertainty of measurement. Assessing
the trends of repeated results may be more informative to
the clinician.

Marked changes in biochemical and haematological
parameters such as haemoglobin or coagulation profiles
can often arise due to incorrectly performed sampling
procedures from intravenous lines or heparinised lines.
Spuriously low platelet counts (pseudothromboctyopenia)
may be caused by development of platelet clumps.?' This
can relate to the collection method, more commonly seen
with capillary venous blood collections and collections
from lines. Inadequate mixing of the sample with antic-
oagulant can lead to microthrombi, and overfilling of the
collection tube can lead to pseudothrombocytopenia.
Platelet clumping may also be induced by viral infections
and medications, including chemotherapeutic agents. In
such cases, the laboratory will review the blood film and
comment on the presence of platelet clumps, and may
request a repeat sample if clinically indicated. There can
be other explanations: for example, EDTA-induced pseu-
dothrombocytopenia occurs in up to 0.1% of all full blood
count samples and is usually caused by an EDTA-
dependent platelet agglutinating antibody. This can be

diagnosed by using an alternative sample collection tube
such as sodium citrate or heparin, whereby the platelet

. 21
count is normal.

Laboratory Error

It is important for clinicians to keep in mind the possibility
of laboratory error, though this is infrequent (approxi-
mately 0.33% of all tests). Over recent years, the quality
of laboratory testing has improved significantly. For exam-
ple, pre-analytical processes have benefited from electro-
nic ordering, barcoding of primary samples, robot-assisted
aliquoting, temperature monitoring of reagents, and auto-
matic checks for clots, haemolysis, lipaemia, and
hyperbilirubinaemia.” The improvement has been most
marked in analyser performance with highly standardised
and low imprecision assays to such an extent that analytic
errors are very rare.”” This overall improvement in the
laboratory has also resulted from implementation of qual-
ity management systems, requirement for laboratory
inspection and accreditation, subscription to external qual-
ity assurance schemes, and improvements in laboratory
information management systems. Laboratory equipment
is calibrated, with regular preventive maintenance, and
corrective technical assistance in case of a fault. Quality
controls (commercial and/or in-house) are used in each
assay run, and validation between instruments to maintain
reproducibility. Despite these measures, errors still do
occur. Laboratory errors can be divided into pre-analytic,
analytic, or post-analytic, depending on the stage of the
process in which they occur: a range of examples is
provided in Table 2. The vast majority of errors are now
pre-analytic and post-analytic.**??

There are important caveats regarding the ordering of
certain tests. For example, testing for red cell disorders
such as sickle cell disease, hereditary spherocytosis, or
paroxysmal nocturnal haemoglobinuria should not be con-
ducted soon after a blood transfusion (ideally not for
90 days).

Adequate training is essential for those collecting sam-
ples, including physicians and physician assistants, nursing
staff, and phlebotomists. Common practical issues relate to
taking blood from peripheral and central venous lines, and
there are local protocols and international guidelines
which should be followed for sample collection.**?
There are important pre-analytic issues for other sample
types, eg when collecting a bone marrow aspirate it is

important not to collect excess volume, as the potential
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Table 2 Classification of Laboratory Errors

Type of Examples

Error

Pre-analytic | Patient samples mixed up

Transcription error

Sample taken incorrectly from an intravenous line
Sample taken incorrectly from a heparinised line
Prolonged tourniquet use

Inappropriate sample tube/container
Inappropriate order of sample tube collection
Underfilling or overfilling of certain sample tubes,
eg for clotting studies

Delay in sample transport

Errors in pipetting, aliquoting, labelling

Analytic Equipment malfunction

Undetected failure in quality control

Interfering substances, eg high bilirubin, anticoagulant
medications

Prozone or “hook” effect: very high analyte levels
giving falsely low readings in immunoassays

Assay-dependent result variation for same analyte

Post- Improper data entry

analytic Transcription error

Erroneous validation of results

Inappropriate reference ranges

Note: Data from these studies.”?223404!

haemodilution impairs morphologic and flow cytometric
evaluation.”®

In the event of analytic error, many are detected before
final result validation. However, according to the “Swiss
cheese” model of errors, there remain a tiny number of
incorrect analyser results which evade detection (variously
estimated at 0.05-0.1% of all tests performed). This may
lead to adverse events/patient harm in 0.001-0.01% of
cases where such results are released to the clinician.”® All
laboratory errors are documented and investigated using
incident reporting systems, and corrective and preventive
actions implemented to reduce risk of similar recurrence.

Communicating the Result

The Royal College of Pathologists of the UK published
guidance in 2017 for its members on communication of
critical and unexpected pathology results. This identifies
which results need to be urgently communicated to clin-
icians, and the best routes for such interactions.?’
Generally, laboratories have standard operating procedures
(SOPs) whereby, in the event of a critical result, scientific

or medical staff will immediately contact the requesting
physician or appropriate clinical personnel responsible for
the patient’s care. If they are unable to make contact, the
SOP will
Unfortunately, in around 5% of cases, the laboratory per-

indicate whom next to try to contact.

sonnel are unable to communicate a critical result to
a physician or appropriate healthcare professional, which
can result in inappropriate or delayed treatment
decisions.”® This is a particular issue for out-patients, and
for primary care outside of working hours. Difficulties
may also arise at the transition between in-patient and
primary care, particularly when results are released after

1.%° For communication

the patient’s discharge from hospita
of unexpected results from out-patient departments, local
agreements should be put in place which address the
nature of the result, whom to contact, and how quickly.
Although telephone communication remains the method of
choice for transmitting critical results for both in- and out-
patients, electronic alerts and acknowledgements are being

adopted increasingly for non-critical results.*%!

Acting on the Result

In Box 1, we have summarised the steps which the physi-
cian could consider on receipt of an unexpected test result.
Of course, assessing and deciding on management of
a critical result is an urgent priority, as to whether the
patient requires immediate intervention or treatment, and
a flowchart is provided in Figure 1. Despite this,
a retrospective study of critical laboratory in-patient test
results reported median time from result availability to

Box | Acting on an Unexpected Laboratory Test Result

Is the result critical or non-critical?

Critical

How quickly do | need to act on this result?

Does the patient need immediate attention?

Both critical and non-critical results

Review clinical background of the patient

Review medication history

Does the result fit with the results of other investigations?

Could there have been a sample problem?

Do | need to contact the patient to ask about current symptoms?
Do | need to repeat this test? Has the laboratory already repeated
this test?

Are there further tests which could help?

Have | considered the possibility of laboratory error?

Do | need to discuss an unexpected result with the Clinical Scientist
or Consultant in the Laboratory?
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Is result critical
or non-critical?

ow quickly do
| need to act on
this result?

Patient in need
of immediate
attention?

- Non-critical

Does it fit clinical

contact patient
about current
symptoms?

Does result fit
with other
investigations?

no

v

Consider
laboratory error

Any further tests

which could help? Contact laboratory

Figure | Flowchart illustrating clinical approach to an unexpected laboratory result.

appropriate treatment was 150 minutes, with more than 1/4
of treatments delayed by >5 hrs.>* The major factor in
such delays was in communicating the result to the pri-
mary decision maker — the physician caring for the
patient — who did not always receive the information in
a timely manner. Another factor was the presence of multi-
ple disease processes, where secondary but serious condi-
tions might not be treated until the primary problem had
been controlled.*

background and/or

4 ~
medications /

A 4

Act on result

yes

Has lab
already
repeated test?

Consider
» sending repeat
sample

For both critical and non-critical unexpected results, it
is often the case that the clinician receiving or viewing the
result is not the same as the ordering clinician. This can
occur when a patient has tests ordered by a physician in
A&E, and then is admitted to the ward. It may affect junior
doctors at changes of shift or out-of-hours, or covering for
annual leave. Hence the physician may not be familiar
with the clinical background, and may need to review
this. Even for the ordering clinician viewing the result,
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an updated clinical assessment may be required. This may
not only involve history and clinical examination, but
exercising careful clinical judgement about the result.
The clinician needs to consider whether the unexpected
result aligns with those of other investigations, or whether
further tests
Consideration of sampling error or sample transport

could help, including repeat testing.
delay should not be overlooked.**** In some instances,
discussing the unexpected result with the testing labora-
tory can be productive in reaching an explanation.
Abnormal electrolyte results are a common illustration
of unexpected test reports, eg spurious hypercalcaemia
may result due to prolonged tourniquet use.® Another well-
known example is the elevated potassium result, while all
the other components of the renal profile are normal. In
many cases, this is a spurious increase due to delay in
sample transport, and can be identified as such in the
laboratory, and this invalid result is not released. In cases
where doubt remains and/or the abnormal result is
released, it is essential for the clinician to act immediately,
whether by considering the age of the sample, repeating
the test, or considering whether the elevated potassium
needs immediate treatment.** Sample degradation result-
ing in haemolysis can also cause falsely elevated aspartate
transaminase (AST) and phosphate levels. Hence the find-
ing of raised potassium, AST, and phosphate in the same
patient sample could be a pointer to consider haemolysis.
Pre-analytical error can also arise from the conditions
employed for sample transport, which may lead to false
positive critical values. In a study from Boston, there was
a 20-40% reduction in critical potassium values (>6.0
mmol/L) from out-patient clinics, after laboratory staff
noted samples were being sent on ice rather than at room

tempelrature.3 5.36

Good Communication is Essential

The laboratory handbook should be easily searchable,
ideally web-based, and provide accurate, regularly
updated, information regarding sample requirements and
test interpretation. The handbook should inform the clin-
ician of local laboratory policies, including for repeat
testing, reflex testing, and the communication of critical
and non-critical results. We cannot emphasise enough the
importance of encouraging clear and easy communication
channels between clinicians and laboratory consultant phy-
sicians/clinical scientists. There should be well publicised
channels, eg telephone hotlines, laboratory emails which

are checked 2-3 times daily, interactive websites. If

necessary, early communication with the laboratory can
often save time by either finding an explanation for an
unexpected result, or by assisting in the management
plan, 3334

Furthermore, after discussion with the clinician, the
laboratory can review the result to consider the rare pos-
sibility of error, whether to repeat the test if the sample
remains in the laboratory (by the same or a different
method). The specimen can even be physically re-
inspected to ensure no obvious changes might have been
overlooked, eg gross haemolysis or hyperlipidaemia —
though physical inspection is part of the laboratory SOP
in any case.

Conclusion

With the paucity of guidance in the literature, here we
have described the possible clinical approach to the receipt
of such a result. Unexpected laboratory test results may be
genuine, but in rare instances, they can result from labora-
tory error. They may be critical, or non-critical in nature,
which is a main determinant of the physician response.
The clinician should consider the context of the result in
terms of the clinical background of the patient, and the
results of other investigations. It is important to consider
sampling error, or sample transport delay as potential
explanations.”~* We emphasise that early communication
with the laboratory can be important, and may save clin-
ician, laboratory, and patient time and concern in certain
cases. Discussion with the laboratory can address the
possibility of error, whether further tests could help, and
whether there is a need for repeat testing.
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