C ASE STUDIES

Case Study: Recurrent Diabetic Ketoacidosis
Resulting From Spurious Hypoglycemia: A Deleterious

Consequence of Inadequate Detection of Partial Strip

Filling by a Glucose Monitoring System

PRESENTATION

E K., a 28-year-old woman with
poorly controlled type 1 diabetes of
10 years’ duration, presented with
mild nausea, occasional vomiting,
dizziness, and recurrent, asymptom-
atic severe hypoglycemia. In phone
consultations with the physician’s
office in the preceding week, she had
reduced her insulin in half because
of recurrent, very low (usually
asymptomatic) glucose readings but
sporadic low glucose levels contin-
ued to be problematic. She also had
episodic, marked hyperglycemia
complicating her dosing decisions.
Her patterns of high and low glucose
appeared discordant with food intake
and insulin dosing.

Her history was remarkable for
diabetes and recurrent, intermit-
tent nausea, vomiting, and diarrhea
presumed to be manifestations of
autonomic neuropathy. She had
known hypoglycemia unaware-
ness but had not had problems
with unconscious hypoglycemia or
seizures. She had no other known
autoimmune disorders and no retin-
opathy or renal dysfunction.

She often missed office appoint-
ments and, until recently, had been
erratic in her glucose monitoring.
At the time of her presentation, she
was on 10 units of NPH insulin in
the morning and 5 units at night,
with small doses of lispro only taken
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to compensate for very high glucose
readings.

Her exam was remarkable for dry
mucous membranes and orthostatic
hypotension, with a sitting blood
pressure of 98/74 mmHg and pulse
of 102 bpm and a standing blood
pressure of 72/40 mmHg and pulse of
120 bpm. Otherwise, she had normal
skin pigmentation and no lipohyper-
trophy or lipoatrophy, and her neck,
heart, lung, abdomen, and extremi-
ties were all unremarkable.

Because of the frequent low glu-
cose levels, her insulin was further
decreased, down to 7 units in the
morning and 2 units at night, and
she was provided new bottles of
her insulins and test strips. She was
instructed to aggressively hydrate
and closely monitor her blood glu-
cose and urine ketone levels. Fasting
laboratory tests were obtained the
next morning. Her A1C was 14%,
thyroid-stimulating hormone was
1.84 with a free T4 of 1.5 ng/dl, fast-
ing plasma glucose was 391 mg/dl,
cortisol was 31.1 pg/dl (normal 8-24),
adrenocorticotropic hormone was
53 pg/ml (normal 9-52), and kidney
function, liver function, and anion
gap were normal.

She developed increased ketonu-
ria and had continued labile glucose
levels and was admitted several days
later with mild diabetic ketoacidosis
(DKA). She was hydrated, and after

parenteral insulin, her insulin dose
was increased. Her meter glucose
was compared to the lab on several
occasions and correlated well.

She was considered stable enough
to be discharged for close outpatient
follow-up. However, her glucose lev-
els remained chaotic, bouncing from
> 400 mg/dl to a “Lo” reading on her
meter. Few of the low glucose levels
were symptomatic. In response to
the profound hypoglycemia, insulin
was repeatedly decreased.

Once again, she developed
marked hyperglycemia and ketosis
and had several emergency room
visits for hydration. During each
of these visits, her insulin was
increased, but because of frequent
low glucose readings, she would
subsequently decrease her insulin
dose. She continued to do poorly and
lost weight from her baseline of 150
down to 135 1b.

With her inability to control
her glucose levels and impending
ketoacidosis, she was readmitted.
During this hospitalization, she
was instructed to self-monitor her
blood glucose with her usual meter
(Glucometer Elite, Bayer Diabetes
Care, Tarrytown, N.Y.). Several
times, her meter displayed “Lo”
results that were inconsistent with
the hospital meter system and the
laboratory. In reviewing the label-
ing for E.K.’s meter, a diabetes nurse
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specialist noted that a “Lo” display
could occur with incomplete strip
filling (also called short or partial
filling or short sampling). When her
glucose monitoring technique was
closely observed, it was discovered
that she was visually filling the test
strip using a minimal amount of
blood. She was not waiting for the
beep to confirm adequate strip filling
as described in the meter’s package
instructions.

She was instructed on the proper
use of her meter and was discharged.
During the next several weeks, E.K.
dramatically improved, gaining
weight and stabilizing her insulin
doses without further occurrences
of unexplained hypoglycemia or
ketoacidosis. She was then lost to
follow-up.

QUESTIONS

1. What is the differential diagnosis
of falling insulin requirements?

2. What are the causes of recurrent
DKA?

3. What are the sources of error in
self-monitoring of blood glucose
(SMBG)?

4. What are the causes of short
sampling?

COMMENTARY

In this case study, a patient had
repeated, asymptomatic low glu-

cose readings resulting in insulin

dose reductions and culminating in
repeated hospitalizations for DKA.
After much detective work in which
endocrine (adrenal, pituitary, and thy-
roid) and metabolic (renal, hepatic)
derangements were ruled out, the low
glucose readings were found to be the
consequence of use error, failure to
follow product labeling, and failure of
the blood glucose meter to provide an
error message with partial strip filling.
Instead of an error message, “Lo” or
low glucose readings were displayed
on the glucose meter. Because both
patients and health care professionals
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use glucose meter data to make treat-
ment decisions,'? it is imperative that
either results are clinically accurate
or an error message is provided if
incomplete strip filling occurs.

Although the sample size require-
ment of many current blood glucose
meters is small, short sampling
can occur in numerous conditions,
including states of vasoconstriction,
use of small lancets and shallow
lances, desire to minimize blood,
and poor or rushed sampling tech-
nique. In a recent study by Grady
et al.,’ 200 subjects were asked to
record their daily performance with
SMBG using their current meter for
I month. A simple questionnaire
allowed each subject to record daily
results from successful tests and
to provide information about the
reasons for any test failures. The
main self-reported failure modes
(573 failed tests out of 14,580 indi-
vidual finger sticks) were “blood
drop too small” (32.9%), “error on
screen, (32.2%), “can’t get blood in
strip” (19.3%), and “did not trust the
result” (15.5%). These results are evi-
dence that significant problems may
be encountered in blood sampling
with current meters even by patients
who have many years of SMBG
experience.

Although current blood glu-
cose meters are designed to detect
and provide an error message if an
inadequate blood sample is applied
to the test strip, several published
reports*” suggest that inadequate
sample application during blood
glucose testing with some glucose
meters could result in erroneously
low glucose readings. The U.S. Food
and Drug Administration® also rec-
ognizes that errors can be attributed
to failure of glucose meters to detect
an inadequate sample size. However,
this is the first published report of

deleterious health consequences
attributed to this error.

There are several other potential
sources of error with SMBG mea-
surements that should be considered
with unexplained high and low
glucose readings.>*® These errors
could be related to device factors,
physiological factors, patient misuse
of the meter, or medication interfer-
ences.'? Each glucose meter has
different enzymes, co-enzymes,
mediators, electrode configurations,
and manufacturing processes that
lead to different characteristics,
performance limitations, and inter-
ferences. The strip’s enzyme activity
can be affected by manufacturing
variances, exposure to heat and
humidity (such as improper storage
of the strip outside a vial or failure
to close a vial), and strip aging.

Physiological factors that may
affect accuracy of some glucose
meters include hematocrit extremes,
oxygen extremes (for glucose oxi-
dase—based systems) hyperuricemia,
hypertriglyceridemia, and hyper-
bilirubinemia. In addition, marked
dehydration, vasoconstriction, or
rapidly changing glucose levels may
influence the accuracy of glucose
measurement at some body sites.

Patient use errors may result in
falsely elevated or decreased glucose
measurements. Skin contamination
from failure to wash hands is prob-
lematic. Misapplication of blood,
including underdosing (as in this
case), sample smearing, slow appli-
cation, repeat blood application, or
strip movement during application
or throughout the test process may
affect results. Miscoding meters
diminishes the accuracy of the
measurements. Incorrect unit of
measure settings, date and time set-
tings, or recordkeeping errors can
affect glucose reporting and data
interpretation.

Finally, medications (acetamino-
phen, L-dopa, tolazamide, and
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ascorbic acid) may interfere with
some meters. When they occur,
these interferences are often associ-
ated with levels of medication that
significantly exceed physiological or
desired levels. In some systems that
use the enzyme GDH-PQQ), because
it is not specific for glucose, falsely
elevated glucose readings may occur
in patients treated with agents that
contain or are metabolized to malt-
ose (i.e., icodextrin), galactose, or
xylose."* The associated rise in “glu-
cose” can be quite marked and has
been associated with inappropriate
insulin doses, severe hypoglycemia,
and deaths.

CLINICAL PEARLS

* Falling insulin requirements from
recurrent hypoglycemia could
occur with adrenal dysfunction,
progressive renal insufficiency,
hypothyroidism, placental insuf-
ficiency, changes in food intake
or activity, surreptitious insulin
administration, insulin errors, or
glucose measurement errors. In the
described case study, improper test
strip filling and its lack of detection
was determined to be the casual
factor for spurious hypoglycemia,
resulting in insulin dose reduc-
tions and culminating in repeated
ketoacidosis.

* Glucose monitoring errors should
be considered when glucose results
are inconsistent or do not fit the
clinical situation. These errors can
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be related to device or physiological
factors, patient misuse, or external
interferences and may result in
falsely high or low glucose readings.

+ Itisimportant for patients and
clinicians to understand the
indications and limitations of the
particular glucose meter they are
using or recommending and should
follow the labeled instructions for
the device.

* Routine evaluation of patients’
SMBG technique is recom-
mended."
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