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53-year-old woman was referred to the endocrinology

clinic for recurrent hypoglycemia detected on blood-

work. The patient’s fasting serum glucose values over
the previous year ranged from 2.6 to 3.4 mmol/L. Although
asymptomatic, she was given juice as treatment each time the
result was reported.

She had homozygous sickle cell disease with complications,
systemic lupus erythematosus, multiple sclerosis, optic neuritis
and bladder dysfunction. She did not have diabetes mellitus and
was not using hypoglycemic agents. Her medications included
prednisone (5 mg/d, stable dose for 2 yr), azathioprine, desmo-
pressin, folic acid, vitamin D, vitamin B,,, olmesartan, toltero-
dine, gabapentin and calcium supplements. She had been
receiving exchange transfusions every 8 weeks, with pre-
exchange hemoglobin S levels consistently above 50%; the fre-
quency of exchange transfusions had been reduced from every
4 weeks at the patient’s request about 1 year before. She had no
family history of endocrine neoplasia or diabetes.

Because the patient reported no symptoms of hypoglycemia,
we were suspicious that the recorded glucose values were falsely
low. We noted that the previous venous blood samples were all
drawn before exchange transfusions when massive reticulocyto-
sis was present (reticulocyte count as high as 401.5 [normal range
22-92] x 10°/L). This suggested the possibility of excessive glucose
consumption by the metabolically active reticulocytes in the test
tube before laboratory analysis could be conducted.

We asked the patient to self-measure capillary glucose values
twice daily for 2 weeks (fasting and postprandial timing); she had
normal glucose values that ranged from 3.9 to 5.1 mmol/L. In
addition, when we measured whole blood glucose on a blood gas

Box 1: Blood glucose test results for a 53-year-old woman

with sickle cell anemia, by method of measurement

Method Result, mmol/L
Venous blood sample without an inhibitor of 2.6-3.4
glycolysis (multiple measurements)

Capillary blood sample (twice daily over 2 wk) 3.9-5.1
Fasting whole blood sample using a blood gas analyzer 4.8
Fasting venous blood sample collected in a tube 4.6

containing sodium fluoride

Key points

e Patients with markedly elevated levels of nucleated blood cells,
such as leukocytes or reticulocytes, may have artifactually low
serum blood glucose measurements due to excessive glucose
consumption by cells in the sample tube before laboratory analysis.

® |nsuch patients, blood glucose can be more accurately
measured by using finger-prick capillary glucose testing,
processing of the sample within 30 minutes or using tubes that
contain an inhibitor of glycolysis.

e Atrue hypoglycemic event generally reflects Whipple triad: low
serum glucose, with hypoglycemic symptoms at the time of the
sample draw showing low glucose, and resolution of symptoms
after appropriate treatment of low glucose.

® Low blood glucose levels in the absence of autonomic and
neuroglycopenic symptoms of hypoglycemia should raise
suspicion for artifactual hypoglycemia, and glucose should be
assessed using an alternative modality before further resource-
intensive diagnostic investigations are undertaken.

analyzer (which minimizes delay between blood collection in the
tube and subsequent analysis) and on a blood sample collected
in a tube containing sodium fluoride/potassium oxalate (an
inhibitor of glycolysis) we recorded normal fasting glucose levels
of 4.6 and 4.8 mmol/L, respectively (Box 1). The prereferral
samples that yielded hypoglycemic readings were collected in
tubes that did not contain an inhibitor of glycolysis. All 3 methods
were performed in the presence of massive reticulocytosis
(481.6 x 10°/L during capillary glucose testing and 594.6 x 10°/L at
time of blood draw [normal range 22-92 x 10°/L]).

We advised the patient and her doctors that she did not have
true hypoglycemia and did not require further resource-intensive
investigation and monitoring. If glucose measurements were
deemed necessary when reticulocytes were high, we advised
using 1 of the methods described above, the most practical
being point-of-care capillary glucose measurement.

Discussion
True hypoglycemia in patients without diabetes mellitus is uncom-

mon. Thorough investigation is required to differentiate between
such uncommon causes as endogenous hyperinsulinism, non-islet
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cell tumours, adrenal insufficiency, critical illness, sepsis, organ
failure, severe malnutrition and adverse effects from drugs such
as gatifloxacin and indomethacin.! However, a crucial first step
before ordering tests is to determine whether a low glucose
measurement reflects true hypoglycemia.

Whipple triad

A true hypoglycemic event is defined by Whipple triad: symptoms
or signs of hypoglycemia such as autonomic and neuroglycopenic
symptoms, low concentration of blood glucose at the time of
symptoms and resolution of symptoms after the blood glucose
level is raised.

Autonomic symptoms of hypoglycemia include tremor, palpi-
tations, sweating, hunger, anxiety and paresthesias. Neuroglyco-
penic symptoms include weakness, confusion, behavioural
changes, decreased level of consciousness and seizure.!

Artifactual hypoglycemia

In patients without a reason for unawareness of hypoglycemaia
(such as long-standing diabetes), a low blood glucose level with-
out symptoms should raise suspicion of artifactual hypo-
glycemia. Measurement of blood glucose should be performed
using an alternate method before more extensive investigations
are ordered.

Typically, venous blood glucose is relied upon to confirm
hypoglycemia found on point-of-care capillary testing. However,
this case illustrates that venous blood glucose testing can pro-
duce erroneously low values in certain circumstances. Each
method of evaluation is susceptible to its own errors (Box 2), and
awareness of the limitations of each allows clinicians to choose
the most suitable test to confirm an unexpected result.

Preanalytical errors are important yet under-recognized
causes of falsely low measurements for venous blood glucose,
the most common of which is in vitro glycolysis by metabolically
active cells between the time of blood collection and subsequent

laboratory analysis. The American Diabetes Association recom-
mends placing samples in ice slurry and separating plasma from
cells within 30 minutes to minimize glycolysis;!® however, this is
not always achievable in practice. The importance of this phe-
nomenon was highlighted by a 2020 study in Australia that evalu-
ated the processing of samples for oral glucose tolerance tests
(75 g) that were taken from women who were pregnant and
being screened for gestational diabetes; with an early centrifuga-
tion protocol, rates of diagnosis of gestational diabetes
increased from 11.6% to 20.6%, illustrating the important public
health impacts of preanalytical processes.™

Impact of metabolically active cells
An excess of nucleated cells can exaggerate in vitro glycolysis, and
the degree of artifactual hypoglycemia can be enough to cause
alarm. Artifactual hypoglycemia caused by this mechanism is seen
classically in patients with extreme leukocytosis, such as in leuke-
mia.2 In our patient, however, the cause was likely massive reticulo-
cytosis caused by sickle cell disease. This has been rarely reported
as a cause of artifactual hypoglycemia in patients with other condi-
tions such as polycythemia vera and chronic hemolytic anemia.>*?
The prevalence of this artifact in patients with sickle cell dis-
ease is difficult to estimate, as measurements of blood glucose
are not routinely indicated in sickle cell disease. The request for
blood glucose testing was ordered initially by our patient’s
nephrologist when investigating her mild proteinuria and was
repeated regularly because of the persistently abnormal result.
The severity of the underlying reticulocytosis affects the degree
to which this artifact is observed. Considerable variation exists in
the severity of sickle cell disease, both across genotypes and
within each genotype. Our patient had a severe genotype (HbSS)
and phenotype of sickle cell anemia with several complications.
The low glucose measurements occurred after lengthening the
interval between exchange transfusions from 4 to 8 weeks,
resulting in levels of hemoglobin S of over 50% pre-exchange

Box 2: Commonly encountered sources of artifacts in measurements of blood glucose

Measurement method

Reason for falsely low blood glucose

Reason for falsely elevated glucose

Capillary glucose ¢ Decreased circulation? (hypotension, Raynaud phenomenon, ¢ Sugary substances on skin®

peripheral vascular disease)

o Analytical errors® (high hematocrit, high oxygen levels o

[>100 mm Hg], test strip expiry)

e Operator error®

e Low hematocrit®

Icodextrin-containing peritoneal dialysis
solutions®*

e High uric acid levels®*

¢ Low oxygen levels®

Venous glucose o Leukocytosis'? (leukemia,? reactive leukocytosis*)

¢ Reticulocytosis*? (polycythemia vera,?* chronic hemolytic anemia®)

¢ Prolonged delay in transport or analysis*

o Hyperviscosity?
Subcutaneous glucose e Local compression’
monitor o Presence of salicylic acid®

e First 12 h of new sensor®

*Method dependent.

¢ Acetaminophen®*
o Hydroxyurea®

e Vitamin C®
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(target < 30%), and the low glucose measurements had been
recorded before exchanges, at the peak of reticulocytosis.

Methods to mitigate excessive in vitro glycolysis
In the presence of markedly elevated nucleated cells, the most
accurate methods for measurement of glucose are those that
minimize the delay between blood collection and analysis, such
as point-of-care capillary blood glucose or venous blood gas
analysis (analyzed within 5-10 min). Sample tubes that contain
an inhibitor of glycolysis may also allow for more accurate
results by reducing in vitro consumption of glucose.'> Newer
inhibitors of glycolysis such as citrate are associated with a
more accurate glucose result than fluoride but are not as
widely available.®

We used all of these suggested methods to clarify that the
low venous blood glucose levels initially reported for our
patient were artifactual, preventing further unnecessary and
resource-intensive investigations. Artifactually low serum
glucose should be considered in patients without symptoms
of hypoglycemia before undertaking an extensive workup for
true hypoglycemia.
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The section Cases presents brief case reports that convey clear,
practical lessons. Preference is given to common presentations of
important rare conditions, and important unusual presentations of
common problems. Articles start with a case presentation (500
words maximum), and a discussion of the underlying condition
follows (1000 words maximum). Visual elements (e.g., tables of the
differential diagnosis, clinical features or diagnostic approach) are
encouraged. Consent from patients for publication of their story is
a necessity. See information for authors at www.cmaj.ca.
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