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Abstract

Background: Point-of-care (POC) glucometers are commonly used in intensive care units (ICUs). The Centers for Medicare
& Medicaid Services have called into question the accuracy of POC glucometers in critically ill patients. This study sought
to identify specific characteristics within our facility’s ICU patients that were associated with inaccuracies in POC glucose
measurements.

Methods: We conducted a prospective cohort study that compared POC capillary blood glucose samples with venous
samples collected in our ICU. All nonpregnant patients > 18 years old admitted to the ICU with orders for daily laboratory
testing that included blood glucose were eligible for inclusion.

Results: A total of 46 patients were enrolled and 85 samples were collected. The mean difference between venous and
POC samples was 5.23 mg/dL (95% Cl, 3.16-7.3 mg/dL). Measurement inaccuracies would have altered treatment in 7/85
instances (8.2%). The only clinically significant inaccuracy found was the omission of 2 units of insulin in | hyperglycemic
patient. Measurement inconsistencies generally underestimated low blood glucose values (2/2 instances) and overestimated
high blood glucose values (4/5 instances).

Conclusions: In our study, the mean difference between venous and POC glucose samples was small. Similarly, measurement
inaccuracies that would have altered treatment were rare and only one instance was deemed clinically significant. We
conclude that POC capillary glucose testing within our cohort and in similar critically ill patients is likely safe and effective.
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Introduction glucometers in an off-label fashion, it must acquire a certifi-
cate of analysis, establish performance specifications, and
comply with high-complexity testing standards. CMS did
not define what characteristics constitute a “critically ill”
patient, so which patient samples are subject to these stan-
dards is largely unknown.

The purpose of this study was to identify specific character-
istics within our facility’s ICU patients that were associated
with inaccuracies in POC blood glucose measurements in order
to define which patients should be considered “critically-ill” in
the context of POC glucose testing within our institution.

Point-of-care (POC) glucometers are commonly used in the
intensive care unit (ICU) to assist practitioners in making
rapid treatment decisions regarding glycemic management.
The Centers for Medicare & Medicaid Services (CMS) gov-
ern the use of POC glucometers under the Clinical Laboratory
Improvement Amendments. To date, CMS has not certified
the vast majority of these devices to be marketed and used in
critically ill patients likely due to a perceived lack of clinical
reliability in this population.' Despite this, POC glucometers
continue to be used in ICUs because they are easy to use and
provide timely results.”
In November 2014, CMS issued a memorandum that  i15sM Health St. Clare Hospital — Fenton, MO, USA

deemed that any change in a manufacturer’s intended use or Gwinnett Medical Center - Lawrenceville, Lawrenceville, GA, USA
a disregard of a device’s limitations constituted “off-label c .
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use.” As the vast majority of POC glucometers are not Chris Carter, SSM Health St. Clare Hospital — Fenton, 1015 Bowles Ave.,
labeled for use in critically ill patients, their use in this popu- Fenton, MO 63026, USA.
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Methods

This was a prospective cohort study in critically ill adult
patients between November 1, 2015 and June 30, 2016. The
study site is a 28-bed mixed ICU serving patients in the fol-
lowing service lines: neurosurgery, neurology, cardiotho-
racic surgery, colorectal surgery, general surgery, and
medicine. The study was approved by the SSM St. Louis
Institutional Review Board.

Patients were included in the study if they were admitted
to the ICU, were =18 years old, and had orders for daily
laboratory testing of venous blood glucose (ie, basic or com-
prehensive metabolic panels) during the study period.
Pregnant patients were not included in the study.

The primary endpoint of the study was the mean differ-
ence between venous and POC glucose measurements
across the cohort. Secondary endpoints included the
amount of insulin and dextrose that would have been
administered or omitted due to POC measurement inaccu-
racies and a description of the clinical significance of POC
measurement inaccuracies. A POC measurement inaccu-
racy was defined as an alteration in protocolized insulin or
dextrose treatment if only the POC result was to be consid-
ered to be true. An inaccuracy was deemed clinically sig-
nificant if appropriate insulin or dextrose therapy would
have been omitted (ie, hypoglycemia was overestimated or
hyperglycemia was underestimated by POC measure-
ments). Hyperglycemia was defined as a venous glucose
value >180 mg/dL and hypoglycemia as defined as a
venous glucose value <70 mg/dL. Volume status was
defined as the net difference in fluid intake and output in
milliliters recorded within the chart at the time of the index
POC measurement. This value assumed a euvolemic state
at ICU admission.

Patients eligible for inclusion in the study were approached
by one of the study authors, were introduced to the study, and
were asked to sign an informed consent form. Legal repre-
sentatives were asked to provide consent for incapacitated or
unresponsive patients. The patients who were consented
were then enrolled in the study. Study testing commenced on
the next calendar day after enrollment.

Enrolled patients received a supplemental capillary POC
glucose measurement within 30 minutes of their venous glu-
cose measurement during the study period. These measure-
ments were facilitated by ICU nurses using available,
quality-controlled glucometers (Precision Xceed Pro, Abbott,
Chicago, IL, USA). These glucometers are not specifically
labeled for use in “critically ill” patients. Patients did not eat,
receive dextrose-containing fluids, or receive insulin or anti-
diabetic medication between the index venous and POC glu-
cose sampling. Patients were tested once per day for a total
of 3 days to yield up to 3 study samples. Of note, ICU nurses
were instructed to treat patients based on the venous value
collected to avoid potential adverse events during the study

period. POC values were drawn only for comparison’s sake.
After the study period was completed, relevant data were
extracted from the medical records of enrolled patients by
the study coordinator.

The mean difference between venous and POC glucose
measurements across the cohort and the corresponding limits
of agreement were determined using the Bland-Altman
method. The amount of insulin, dextrose, and the clinical sig-
nificance of POC measurement inaccuracies were deter-
mined by way of descriptive analysis. Statistical testing was
completed using Minitab 17 software (Minitab Inc., State
College, PA, USA).

Results

Forty-six patients were enrolled in the study and 85 POC
samples were obtained for comparison. The main reason for
the exclusion of patient samples was discharge from the ICU
(53.8%) (Figure 1). The average time between the capillary
POC glucose collection and the venous glucose collection
was 3 minutes and 30 seconds. The enrolled patients were
predominantly medical patients (80%) with a mean age of 65
years, a mean hemoglobin level of 10.6 mg/dL, and a mean
hematocrit of 31.9%. Thirty-six percent of patients in the
study were on the ventilator at the time of sample collection
and 18.8% of patients were receiving vasopressor medica-
tion (Table 1).

The mean difference between venous and POC glucose
measurements across the cohort was 5.2 mg/dL (95% CI,
3.2-7.3). The upper limit of agreement for the mean differ-
ence was 42.7 mg/dL and the lower limit of agreement was
—32.2 mg/dL (Figure 2). Seven POC glucose results (8.2%)
were deemed to be inaccurate by the study authors. Four
POC measurement inaccuracies (4/7, 57.1%) overestimated
high glucose values and resulted in the excessive use of a
total of 10 units of insulin aspart. Two POC measurement
inaccuracies (2/7, 28.6%) underestimated low glucose values
and resulted in the excessive use of a total of 25 g of dextrose
(Table 2).

One POC measurement inaccuracy (1/7, 14.3%) underes-
timated a hyperglycemic value and resulted in the omission
of 2 units of insulin aspart. This inaccuracy was deemed by
study authors to be clinically significant. This was the only
clinically significant POC measurement inaccuracy reported
during the study (1/46 patients, 2.2%). There were no POC
measurement inaccuracies that overestimated hypoglycemic
values in the study. Patient characteristics noted to be present
in greater than 50% of POC measurement inaccuracies
included a net fluid balance of 2000 mL or greater (6/7,
85.7%) and admission to the ICU after coronary artery
bypass grafting (CABQG) surgery (4/7, 57.1%). The need for
vasopressors was less commonly present (1/7, 14.3%) and
the need for mechanical ventilation was not present for any
recorded POC inaccuracies.
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Number of Samples Reasons for Missed
Patient Collected Samples
1 1 Discharged from ICU
2 2 Discharged from ICU
3 3
4 2 POC not drawn
5 3
6 3
7 2 POC not drawn
8 1 POC drawn outside of window
Discharged from ICU
9 1 Discharged from ICU
10 1 Discharged from ICU
11 3
12 3
13 1 Discharged from ICU
14 3
15 2 POC drawn outside of window
16 2 Discharged from ICU
17 1 Discharged from ICU
18 3
19 1 POC drawn outside of window
POC drawn outside of window
20 2 Discharged from ICU
21 3
22 2 POC drawn outside of window
23 1 POC drawn outside of window
Discharged from ICU
24 1 Discharged from ICU
25 3
26 1 Discharged from ICU
27 2 POC drawn outside of window
28 2 POC not drawn
29 1 Discharged from ICU
30 1 Discharged from ICU
31 1 Discharged from ICU
32 1 POC not drawn
Discharged from ICU
33 3
34 Discharged from ICU
35 POC not drawn
POC not drawn
36 1 Patient expired
37 2 POC drawn outside of window
38 1 Discharged from ICU
39 3
40 3
41 1 Discharged from ICU
42 1 Discharged from ICU
43 2 Patient refused POC
44 1 POC not drawn
POC not drawn
45
46 Discharged from ICU

Figure |I. Sample collection.

Table I. Baseline Characteristics.

Characteristic Total (n = 85)
Age (years)® 65 + 15
Weight (kg)* 97 + 35
Hemoglobin (mg/dL)? 106 = 1.8
Hematocrit (%)* 31.9 =59
Body mass index (kg/m*)? 3311

Net fluid balance (mL)°

Medical patient 68 (80%)
Surgical patient 17 (20%)
Ventilator 31 (36.5%)
Vasopressors 16 (18.8%)
Ventilator + vasopressors 10 (11.8%)
Diagnoses
Acute hypoxic respiratory failure 20 (23.5%)
Coronary artery bypass graft 15 (17.6%)
Septic shock I (12.9%)
Cardiac arrest 8 (9.4%)
Sepsis 5 (5.9%)
Severe sepsis 3 (3.5%)
Diabetic ketoacidosis 3 (3.5%)
Atrial fibrillation with rapid 2 (2.4%)
ventricular rate
Non-ST-segment elevation 2 (2.4%)
myocardial infarction
Intraparenchymal hemorrhage 2 (2.4%)
Urosepsis 2 (2.4%)
Seizures I (1.2%)
Drug overdose I (1.2%)
Subdural hematoma I (1.2%)
Gastrointestinal bleed I (1.2%)
Obstructed colon I (1.2%)
Status epilepticus I (1.2%)
Cerebral vascular accident I (1.2%)
Hypotension I (1.2%)
Mitral value replacement I (1.2%)
Cardiogenic shock I (1.2%)
Pericardial effusion I (1.2%)
Subarachnoid hemorrhage I (1.2%)

1717 (~14 280 to 20 353)

Unless otherwise stated, values are n (%).
*Mean * SD.
®Median (range).

Discussion

Blood glucose monitoring is vital in critically ill patients in
order to effectively minimize hyperglycemia, hypoglyce-
mia, and glucose variability. Hyperglycemia has been most
associated with impaired immune function, impaired
wound healing, and increased overall morbidity in criti-
cally ill patients.? Both hypoglycemia and glucose variabil-
ity have been associated with an increased risk of mortality
with the former having the strongest association with mor-

tality in critically ill patients.’
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Figure 2. Bland-Altman plot.

Table 2. Characterization of POC Measurement Inaccuracies.

Venous (mg/dL) POC (mg/dL) Treatment variation

216 229 +2 units insulin aspart
166 185 +2 units insulin aspart
152 204 +2 units insulin aspart
170 296 +4 units insulin aspart
79 50 +12 g dextrose

70 66 +12 g dextrose

278 242 =2 units insulin aspart

POC capillary glucose testing is an efficient way to moni-
tor blood glucose in critically ill patients and presents a lower
risk of both preanalytical and postanalytical errors than
venous testing due to its close proximity to the patient and
single operator requirement.’ It also is likely preferable for
patients as it requires less blood volume for testing than does
venous testing.” In theory, frequent POC glucose monitoring
can help identify harmful blood glucose trends and can help
to minimize the occurrence of both hyper and hypoglycemia
and glucose variability when coupled with protocolized insu-
lin or dextrose therapy.

Despite the use of POC capillary glucose testing in
critically ill patients for decades, the clinical reliability of
this testing in this population has often been called into
question."** Factors commonly thought to impact analytical
accuracy of these values that are prevalent in critically ill
patients include poor blood flow to peripheral capillaries
due to shock and/or vasopressor use, fluid overload or ana-
sarca, and decreased hemoglobin concentration/hematocrit. >
Therefore, venous sampling has been deemed to be the most
appropriate modality for assessing blood glucose in the crit-
ically ill as it is less affected by these factors. However,
venous sampling is significantly more time-consuming than
POC testing, making it a nonideal modality for routine glu-
cose testing in ICUs. Thus, POC testing has remained the
mainstay modality used to monitor glucose in ICUs despite
perceived inaccuracies.

After the publishing of the aforementioned CMS memo-
randum, use of unapproved POC glucometers in critically ill
patients now requires acquisition of a certificate of analysis,
establishment of performance specifications, and compli-
ance with high-complexity testing standards.' These require-
ments likely require additional training, personnel hours, and
equipment in most ICUs and force ICU staff to decide how
best to allocate resources to remain in compliance with CMS
requirements.

We conducted a prospective cohort study within our ICU
that directly compared POC values to venous values in order
to assess clinical reliability of POC glucose testing in criti-
cally ill patients. Our major intent in conducting this study
was to identify characteristics that predisposed our patients
to aberrant POC values to best define which patients were
“critically il1” in the context of POC glucose testing and the
CMS memorandum. Our hope was our study would yield
characteristics within our critically ill population that predis-
posed patients to clinically significant POC measurement
inaccuracies in order to focus our use of high-complexity
testing and related resources on those patients. We discov-
ered that the average measurement difference between POC
and venous glucose values was small. This finding precluded
an analysis of specific characteristics that predicted clini-
cally significant POC measurement inaccuracies. We did
note clinically unacceptable limits of agreement between the
two measurement modalities however, and thought it neces-
sary to then perform an in-depth analysis of the clinical sig-
nificance of POC measurement inaccuracies before declaring
that the use of these measurements was safe and effective in
our cohort. In that analysis, we found that clinically signifi-
cant measurement differences were extremely rare. Only one
patient (2.2% of patients enrolled) in the cohort was consid-
ered to have experienced undertreatment of hyperglycemia
and should have received 2 additional units of rapid-acting
insulin based on the venous glucose value obtained. Of note,
that patient had undergone CABG surgery and was volume
overloaded (+4,887 mL) but was not on vasopressors or the
ventilator. In all other instances of POC measurement inac-
curacies, POC testing seemed to overestimate higher glucose
values (more insulin was administered than required per pro-
tocol if the venous measurement was followed) and underes-
timate lower blood glucose values (dextrose was administered
when not required if the venous measurement was followed).
Of note, the study authors felt as though the prevalence of
hypoglycemia would be extremely rare if patients received
extra insulin based on the POC glucose value (if that value
overestimated the venous glucose value) because the small
amounts of additional insulin called for by those inaccura-
cies. Most important to the study authors was that hypogly-
cemia was never found to have been overestimated by POC
testing and was never undertreated during the study. Such a
scenario was thought to be the most likely to lead to an
increased risk of mortality for study patients.
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While no specific characteristics predisposing patients to
aberrant POC glucose measurements were discovered in the
study due to the rarity of measurement inaccuracies between
testing modalities, fluid overload and postoperative CABG
admissions were the most prevalent characteristics among
patients with measurement inaccuracies. Further investiga-
tion into POC capillary glucose measurement in patients with
these characteristics may be warranted in future studies.

The results of this study must be interpreted in the context
of'its limitations. First, due to the observational nature of the
study, we cannot account for all possible confounding vari-
ables that may have affected study results. Second, a rela-
tively small sample size may have limited our ability to
provide a more reliable average measurement difference
between POC and venous sampling and to detect clinically
significant POC measurement inaccuracies. Third, our study
was performed at a single center and is representative of the
use of one POC glucometer in one ICU population. As such,
the results may not be fully translatable to other ICU popula-
tions and further study may be warranted. Finally, despite
established protocols within our institution to ensure quality
control of POC glucometers and test strips and the provision
of hands-on training to ICU nurses responsible for drawing
POC capillary samples, we cannot rule out the possibility of
human error or machine malfunction having an effect on the
measurement differences reported in the study.

Conclusions

This study directly compared POC capillary glucose val-
ues to venous glucose values in our facility’s ICU popula-
tion in order to assess the clinical reliability of POC
glucose testing and to define which patients should be con-
sidered “critically i1l in the context of POC glucose test-
ing. We report a small mean difference in measurements
obtained by POC and venous sampling modalities, a small
incidence of POC measurement inaccuracies, and only one
clinically significant measurement inaccuracy that resulted
in omission of insulin for a hyperglycemic value. We con-
clude that POC capillary glucose testing within our cohort
and in similar critically ill patients is likely safe and effec-
tive. We do recognize that further study may be warranted
to increase the applicability of these results to a more gen-
eral critically ill population using a wider variety of POC

glucometers. We suggest that postoperative CABG patients
and those experiencing volume overload be preferentially
included in future studies based on our findings.
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