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Achieving glycemic control in patients with and 
without diabetes during coronary artery bypass 
graft (CABG) surgery is associated with reduced 

perioperative morbidity and mortality and improved long-
term survival.1 Hyperglycemia has detrimental effects on 
the cardiovascular system and insulin has beneficial effects 
on the ischemic myocardium.2 The current recommenda-
tions of the Society of Thoracic Surgery regarding blood 
glucose management include the use of continuous insulin 
infusions (CII) during and after surgery in the critical care 
unit,3 keeping blood glucose in a moderate range. Glucom-

eters are commonly used in the critical care perioperative 
setting for point-of-care testing (POCT) for timely determi-
nations of blood glucose levels for patients on CII.

POCT for glucose monitoring is a valuable tool for 
managing patients with diabetes in the outpatient setting.  

From the Maine Medical Center, Portland, ME (Dr. Kramer, Ms. 
Palmeri, Dr. Robich, Mr. Groom, Dr. Hayes, Ms. Janoushek,  
Dr. Rappold, Dr. Swarz, and Dr. Quinn), and the Center for Out-
comes Research and Evaluation, Maine Medical Center Research 
Institute, Portland, ME (Dr. Lucas).

ABSTRACT

Objective. To determine the accuracy of the glucometer currently 
used for point-of-care testing (POCT) of blood glucose in our 
cardiothoracic surgery intensive care unit (CTICU).

Design. Prospective cohort study. 

Setting. Tertiary care community hospital affiliated with a 
school of medicine. 

Participants. Coronary artery bypass graft (CABG) surgery 
patients.

Measurements. Blood glucose levels obtained via POCT with a 
glucometer using fingerstick and radial artery blood samples 
were compared with values obtained via central laboratory 
testing of radial artery blood samples (gold standard) in 106 
CABG patients on continuous insulin infusions (CII) upon 
arrival to the CTICU from the operating room and 102 CABG 
patients on CII in the CTICU 6 hours later. 

Results. Fingerstick POCT and central lab blood glucose values 
correlated well (r = 0.83 for admission and 0.86 for 6-hour 

values), but the mean values were significantly different as 
determined by paired t-tests. Upon arrival, the fingerstick 
POCT mean value was 120.9 mg/dL, while the central 
laboratory value was 127.9 mg/dL (P value = 0.03). At the 
6-hour time point, the mean value for fingerstick POCT was 
129.7 mg/dL compared to a central laboratory value of 
137.3 (P value = 0.02).  

Conclusion. The blood glucose POCT values correlated 
well with central laboratory values, but the values were 
statistically significantly different. Nevertheless, accurate 
clinical decisions were made despite the inaccuracies of 
POCT glucose testing, as experienced bedside nurses were 
able to use the glucometer successfully and safely. The 
device’s results informed them when the blood glucose 
was out of a prescibed range and the direction of the 
change, and they were able to adjust the CII accordingly. 

Keywords: quality improvement; glucose management; point-
of-care testing; critical care.
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Evolving from urinary test strips that depended on a col-
orimetric model, glucometers now incoroporate digital 
technology that allows patients to determine their blood 
glucose using a drop of blood from a fingerstick. The US 
Food and Drug Administration’s approval for most glucose 
POCT technology includes home use by diabetic patients 
and use in the hospital setting, with the exception of criti-
cally ill patients, who may be affected by hypoxemia, poor 
capillary perfusion, tissue edema, severe anemia4 or other 
pathophysiologic states that could impact the accuracy of 
the devices. For example, poor peripheral perfusion related 
to shock or vasoconstrictors and interstitial edema are vari-
ables that could contribute to an erroneous reading. There-
fore, many glucometers used in the critical care setting are 
being used off-label. Because much of the current POCT 
technology for glucose monitoring may provide erroneous 
results in certain ranges and in some clinical settings, the 
safety of most glucometers has been called into question.5,6 

Given the concern regarding the potential inaccura-
cies of commonly used glucometers in the critical care 
setting, we undertook a quality improvement project 
to analyze the clinical performance of the glucometer 
currently used in our critically ill postoperative cardiac 
surgery population. The cardiac surgery division policy 
at our institution is to place all patients, both diabetic and 
nondiabetic, on a CII intraoperatively and to continue the 
infusion for at least 24 to 48 hours postoperatively. The 
CII start rate is determined utilizing the division’s Insulin 
Start Chart, and then the CII is adjusted according to the 
nomogram through the postoperative course. Both the 
Insulin Start Chart and nomogram have been previously 
described by Kramer et al.7 

Currently, POCT of glucose in all post cardiac surgery 
patients is done hourly or more frequently in the first 24 
to 48 hours after surgery in order to adjust the CII. In 
patients undergoing the stress of cardiac surgery, the 
action of insulin is counter-regulated by glucagon, epi-
nephrine, norepinephrine, cortisol, and growth hormone. 
The resulting varying degrees of insulin resistance in 
this population of patients requires close monitoring of 
blood glucose, keeping it in a prescribed range, which 
in our center is 110 to 150 mg/dL, both in diabetic and 
nondiabetic patients. Frequent laboratory and POCT de-
terminations of glucose are made. Providers and bedside 

nurses adjust the CII according to central laboratory val-
ues, POCT values, and trends, as previously described.7 

Methods 
Setting
Maine Medical Center is a 600-bed tertiary care teaching 
hospital. It is a level 1 trauma center where 1000 cardiac 
surgical operations are performed annually. POCT glu-
cose monitoring is relied upon to monitor blood glucose 
and adjust the CII accordingly. This project, which did not 
require any additional procedures outside of the standard 
of care for this population of patients, was reviewed by 
the Institutional Review Board, who determined that this 
activity does not meet either the definition of research as 
specified under 45 CFR 46.102 (d) or the definition of clin-
ical investigation as specified in 21 CFR 56.102 (c). 

Patients
Using central laboratory glucose values drawn from the 
radial artery as the gold standard, we created a registry of 
consecutive postoperative cardiac surgery patients who 
had undergone CABG surgery and had blood glucose 
determinations from both POCT (fingerstick and radial ar-
tery samples) and central laboratory testing (radial artery 
sample) during a 7-month period (May 2016 through Feb-
ruary 2017). To be included in the registry, patients had 
to (1) be postoperative following isolated CABG or CABG 
plus Maze procedure; (2) have been on cardiopulmonary 
bypass (CPB); (3) have radial arterial lines; and (4) be on a 
CII. A total of 116 patients qualified according to the inclu-
sion criteria. Patients missing glucose results in 1 or more 
of the variables were excluded from data analysis. 

Measurements and Variables 
Using a POCT glucometer (FreeStyle Precision Pro, Ab-
bott Laboratories, Abbott Park, IL), blood glucose conen-
trations were measured on samples obtained from both 
fingerstick and radial artery. Concurrently, radial arterial 
blood was sent to the central laboratory for glucose mea-
surement. Blood glucose values were compared in CABG 
patients on CII upon arrival to the cardiothoracic surgery 
intensive care unit (CTICU) from the operating room and 
CABG patients on CII 6 hours after arrival in the CTICU. 
During the 6-hour interval, blood glucose levels were test-
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ed hourly or more frequently, allowing nurses to identify 
trends in blood glucose changes in order to keep blood 
glucose in the prescribed goal range of 110 to 150 mg/dL. 
At each of these 2 time points, on arrival to CTICU and 
6 hours later, blood glucose values obtained with radial 
artery POCT and fingerstick POCT were compared with 
values obtained with central laboratory testing of radial 
artery samples. The amount of blood required was 1 drop 
each for POCT fingerstick and POCT radial artery and 2 
mL for central lab testing. 

Patient characteristics were identified from the electron-
ic medical record. The variables recorded were type of op-
eration, time on CPB, time of CTICU arrival, temperature, 
vasoconstrictor infusions (norepinephrine, vasopressin, 
phenylephrine), preoperative diagnosis of diabetes melli-
tus, preoperative HbA1c, and hemoglobin/hematocrit. He-
moglobin/hematocrit was only available at the time of the 
patient’s arrival to CTICU. The study was completed within 
the confines of our center’s standard of care protocol for 
postoperative cardiac surgical patients.

Analysis
We used standard statistical techniques to describe the 
study population, including proportions for categorical 
variables and means (standard deviations) for contin-
uous variables. Correlation and regression techniques 
were used to describe the relationship between POCT 
and laboratory (gold standard) tests, both measured 
as continuous variables, and paired t-tests with Bon-
ferroni correction were used to compare the central 
tendency and range of these comparisons. We calcu-
lated the differences between the gold standard mea-
sure and the POCT measure as an indication of outliers 
(ie, cases in which the 2 tests gave markedly different 
results). We examined plots to ascertain at which lev-
els of the gold standard test these outliers occurred. 
An interim analysis was done at the halfway point and 
submitted to the Institutional Review Board, but no cor-
rection to the P value was done based on this analysis, 
which was largely qualitative. We used Bonferroni cor-
rection to declare a P value of 0.025 statistically signifi-
cant with the 2-way comparisons of both fingerstick and 
radial artery values to central laboratory values. When 
the data was stratified by a clinical characteristic creat-

ing a 4-way comparison, we used Bonferroni correction 
to declare a P value of 0.0125 to be statistically signifi-
cant when comparing both fingerstick and radial artery 
values to central laboratory values. 

Results 
Glucose POCT evaluations were carried out on 116 con-
secutive patients who underwent CABG surgery with or 
without a Maze procedure on CPB with a CII and an arte-
rial line. Due to missing glucose results in 1 or more of the 
variables, 10 patients were excluded from data analysis for 
the time point of arrival in the CTICU and 14 patients were 
excluded from data analysis for the time point of 6 hours 
post CTICU arrival. This gave a final count of 106 CABG 
patients for CTICU arrival data analysis and 102 CABG 
patients for the 6 hours after CTICU arrival data analysis. 

Patients ranged in age from 43 to 85 years, with a 
mean of age of 66 years, 22% were were women, 41% 
were diabetic, and 18% had peripheral vascular disease 
(Table 1). The average preoperative HbA1c was 6.4% ± 
1.3% (range, 4.6% to 11.1%). Mean time on CBP for the 
group was 101 ± 31 minutes (range, 43 to 233 minutes). 
Postoperative mean hematocrit and hemoglobin were 
32.5% and 11.4 g/dL, respectively. The average core tem-
perature of patients on arrival was 36.0°C, which rose to 
an average of 36.6°C 6 hours later. A vasoconstrictor drip 
was infusing on 52% of patients upon CTICU arrival; 65% 
had a vasoconstrictor drip infusing 6 hours after arrival to 
the CTICU. Hemoglobin results were available only upon 
CTICU arrival as they are not routinely checked at 6 hours; 
74 (64%) patients had a hemoglobin < 12 g/dL.

Compared to central laboratory testing, which we are 
defining as the gold standard, fingerstick POCT performed 
better on arrival, while radial artery POCT performed better 
at 6 hours (Table 2). At CTICU arrival, the mean blood 
glucose value for fingerstick POCT was 121 ± 24.1 mg/dL,  
116 ± 27.2 mg/dL for radial artery POCT, and 128 ±  
23.5 mg/dL for central lab testing. The difference in mean 
blood glucose between the fingerstick POCT and central 
lab testing was not statistically significant (P = 0.032), while 
the difference in mean blood glucose between radial artery 
POCT and central lab testing was statistically significant  
(P = 0.001). At 6 hours post arrival to the CTICU, the 
mean fingerstick POCT blood glucose value was 130 ±  
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23.9 mg/dL, compared to the mean central lab testing 
value of 137 ± 22.4 mg/dL; this difference was statistically 
significant (P value = 0.019), while the radial artery POCT 
blood glucose value (133 ± 24.6 mg/dL) was not signifi-
cantly different from the central lab testing value.

Blood glucose values from fingerstick POCT and 
central laboratory testing correlated well (r = 0.83 for ad-
mission and 0.86 for 6-hour values), as did radial artery 
POCT and central lab values (r = 0.87 for admission and 
0.90 for 6-hour values) (Figures 1, 2, 3, and 4). Com-
paring individual values for fingerstick POCT and central 
lab testing, within-person differences between the 2 
values ranged from –45 to 25 mg/dL, with 21% of pairs 
discrepant by 20 mg/dL or more (Figure 1); results were 
similar at 6 hours (Figure 2), with slightly less discrep-
ancy. The differences between radial artery POCT and 
central lab testing values at CTICU arrival ranged from 
–43 to 80 mg/dL, with 24% of pairs discrepant by 20 
mg/dL or more (Figure 3). At 6 hours post CTICU arrival,  
the difference between radial artery POCT and central 
lab testing values ranged from –130 to 27 mg/dL, with 

11% of pairs discrepant by 20 mg/dL or more (Figure 
4). Ninety-two percent of central laboratory values were 
either close to (± 20) or within the moderate glycemic 
control target range (110–150 mg/dL). 

When the patient cohort was stratified by anemia, dia-
betes, body temperature, and receipt of vasoconstrictor, 
there were no significant differences between mean fin-
gerstick POCT and central lab testing values for any strata 
on CTICU arrival, while there were significant differences 
between radial artery POCT and central lab testing means 
for both vasoconstrictor strata as well as for patients with 
core temperature > 36.1°C (Table 2). At 6 hours, there 
were no statistically significant differences when stratified 
for receipt of vasoconstrictor or presence of diabetes. 
Stratification for anemia or core body temperature was 
not done for patients at the 6-hour post CTICU arrival 
time because no hemoglobin value was available and all 
patients except 1 reached a core temperature of 36.1°C.

Although we measured POCT values obtained using 
2 different blood sample sources, fingerstick POCT per-
formed better than radial artery POCT testing with regard 

Table 1. Baseline Characteristics

Characteristic Patients 

(n = 116)

Mean (SD) age, y 66 (11)

Female, n (%) 25 (21.6)

Diabetes, n (%) 48 (41.4)

Mean (SD) preoperative A1C, % 6.4 (1.3)

Peripheral arterial disease, n (%) 21 (18.1)

Mean (SD) cardiopulmonary bypass time, min  101 (31)

Mean (SD) postoperative hematocrit, % 32.5 (5.3)

Mean (SD) postoperative hemoglobin, mg/dL 11.4 (2.9)

Patients on a vasoconstrictor at CTICU arrival, n (%) 60 (51.7)

Patients on a vasoconstrictor 6 hours post CTICU arrival, n (%) 75 (64.7)

Mean (SD) core temperature at CTICU arrival, °C 36.0 (0.4)

Mean (SD) core temperature 6 hours post CTICU arrival, °C 36.6 (3.3)

CABG, coronary artery bypass graft surgery; CTICU, cardiothoracic surgery intensive care unit; SD, standard deviation.
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to the mean values when compared with the central lab. 
However, radial artery POCT performed better with regard 
to correlation with the central lab value. In other words, fin-
gerstick POCT values were less significantly different than 
radial artery POCT values when compared with the central 
lab, while radial artery POCT values correlated better with 
values from the central lab. In spite of this unexplained 
variability in differences and correlation, the blood glucose 
values stayed in the target goal range (Figures 1-4).

Discussion
The accuracy of glucose POCT in the critical care setting 
has been called into question.4,5 The clinical demands 
of glucose management using CII include timely and 

accurate guidance in postoperaptive cardiac surgery, 
in this case, CABG. A previous study compared POCT 
and central laboratory blood glucose values in medical 
intensive care unit patients,8 but not in patients who 
have had CABG surgery. Another study has reviewed 
the difference in glucose values from POCT and central 
lab analysis in the critically ill population, but not in the 
post cardiac surgical population.9 We have shown that 
the POCT blood glucose values correlate well with the 
clinical lab values, but the values are statistically differ-
ent. Our study adds an additional observation in that, 
although the POCT inconsistencies were statistically sig-
nificant, they were not clinically significant. That is, POCT 
of blood glucose was inaccurate, but it still helped guide 

Table 2. Comparison of Blood Glucose Values Obtained via Central Laboratory Testing (Gold Standard), 
Fingerstick POCT, and Radial Artery POCT

Mean (SD) 
Central 

Laboratory 
Glucose, mg/dL 

Mean (SD) 
Fingerstick 

POCT Glucose, 
mg/dL P Valuea

Mean (SD) 
Radial POCT 
Glucose, mg/

dL P Valueb

CTICU arrival (n = 106)

   All patientsc

   Diabetic patientsd

   Nondiabetic patientsd

   Patients on any vasoconstrictord

   Patients not on a vasoconstrictord

   Patients with core temperature < 36.1°Cd

   Patients with core temperature ≥ 36.1°Cd

   Patients with hemoglobin < 12 g/dLd

   Patients with hemoglobin ≥ 12 g/dLd

128 (23.5)

139 (24.9)

121 (20.0)

131 (28.8)

124 (15.1)

127 (24.3)

130 (22.9)

127 (24.1)

130 (22.2)

121 (24.1)

134 (23.5)

112 (20.7)

125 (27.6)

116 (18.7)

119 (25.5)

123 (22.6)

121 (25.2)

120 (22.0)

0.032

0.388

0.018

0.230

0.023

0.109

0.167

0.183

0.065

116 (27.2)

128 (29.6)

109 (22.9)

120 (33.0)

112 (18.5)

116 (29.6)

117 (24.3)

116 (26.5)

116 (28.6)

0.001

0.068

0.009

< 0.001

0.001

0.029

0.009

0.013

0.025

6 hours post CTICU (n = 102)

   All patientsc

   Diabetic patientsd

   Nondiabetic patientsd

   Patients on any vasoconstrictord

   Patients not on a vasoconstrictord

137 (22.4)

134 (24.1)

140 (20.9)

138 (26.4)

134 (22.2)

130 (23.9)

126 (26.4)

132 (22.2)

133 (26.1)

128 (23.2)

0.019

0.175

0.042

0.500

0.303

133 (24.6)

128 (26.0)

137 (23.5)

136 (28.8)

128 (23.9)

0.203

0.330

0.329

0.844

0.349

CTICU, cardiothoracic surgery intensive care unit; POCT, point-of-care testing; SD, standard deviation.
aFingerstick POCT glucose compared to central laboratory glucose. 
bRadial POCT glucose compared to central laboratory glucose.
cFor this comparison, P values of ≤ 0.025 are considered statistically significant.
dFor this comparison, P values of ≤ 0.0125 are considered statistically significant.
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care by providing enough information to keep the blood 
glucose in range (most of the time) and allowing the 
bedside nurse to detect trends and make appropriate 

adjustments to the infusion. However, given these incon-
sistencies, we recommend a low threshold for sending 
additional samples to the central lab to double-check 
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Figure 2. Correlation of blood glucose values from fingerstick point-of-care testing (POCT) to values from central laboratory testing 6 
hours after arrival in cardiothoracic surgery intensive care unit. 
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Figure 1. Correlation of blood glucose values from fingerstick point-of-care testing (POCT) to values from central laboratory testing at 
arrival in cardiothoracic surgery intensive care unit.
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the glucose values, especially when they are outside 
the prescribed range. Our analysis provides some mea-
sure of reassurance with regard to current postoperative 

CABG glucose management by showing that the limita-
tions of the blood glucose meter do not jeopardize the 
safety of patients. Nonetheless, we look forward to ad-
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Figure 4. Correlation of blood glucose values from radial artery point-of-care testing (POCT) to values from central laboratory testing 6 
hours after arrival in cardiothoracic surgery intensive care unit.
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arrival in cardiothoracic surgery intensive care unit.
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vances in the accuracy of POCT blood glucose technol-
ogy so that critical care patients can be better managed 
when blood glucose is outside the prescribed range. 

This analysis of 116 CABG patients points out both the 
inaccuracy and the utility of a representative POCT glucom-
eter (in this case, the FreeStyle Precision Pro) used at the 
bedside to manage CIIs in postoperative CABG patients, 
keeping the blood glucose level in the moderate control 
range (110-150 mg/dL). The correlation plot shows that in 
this population the bedside nurses were able to keep blood 
glucose in range most of the time, in spite of the inaccuracy 
of POCT of blood glucose, given that the error of the test 
fits in the wide margin of 40 mg/dL. The fact that the 6-hour 
values were slightly less variable than the admission values 
indicates that sequential determinations of blood glucose 
over the 6-hour period to detect trends allowed good clin-
ical management even in the face of such inaccuracy. The 
correlation allows the inaccurate number (blood glucose 
value) to indicate direction, and frequent determinations 
allow the bedside nurse to keep that number in the pre-
scribed range most of the time in this population of patients. 

Conclusion
We have found that glucometer blood glucose determi-
nations in our center used on a homogenous population 
(CABG surgery) utilizing a single type of glucometer cor-
related well with those of the central lab, but were not 
always accurate. In spite of the inaccuracies, experienced 
bedside nurses were able to use the instrument success-
fully and safely, as it informed them if the blood glucose 
was in or out of a predetermined range and in which di-
rection it was going. 
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