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Abstract Although we have used an intravenous con-

tinuous glucose monitor for blood glucose management, a

previous study reported that a subcutaneous continuous

glucose monitor was also reliable for use in critically ill

patients. The aim of this study was to compare the sub-

cutaneous and intravenous continuous glucose monitors.

This was an observational trial (UMIN-CTR,

ID:000013338). We included patients who were admitted

to our intensive care units (ICU) after hepato-biliary pan-

creatic surgery. Continuous blood glucose measurement

was performed from the beginning of the operation to ICU

discharge using the intravenous continuous monitor STG-

55 (Nikkiso, Tokyo, Japan) and the subcutaneous contin-

uous monitor iPro2 (Medtronic Japan, Tokyo, Japan). The

STG-55 measured the glucose level in real time, and the

iPro2 measured this every 5 min. We compared glucose

levels obtained using the two devices every 5 min using a

Bland–Altman plot and a regression analyses. A total of

3592 comparative samples in 15 cases were analyzed. The

mean glucose level measured using the STG-55 was

139 ± 21 mg/dl, and that measured using the iPro2 was

144 ± 31 mg/dl. A linear regression line had the equation

of the form y = 0.225x ? 106. The coefficient of deter-

mination was 0.11, and the F-test significance level was set

as p\ 0.01. The mean of the differences was -5.2 mg/dl,

with a 95 % agreement limit of -67 to ? 57 mg/dL. The

percent error was 44 %. In conclusion, the current study

suggests that subcutaneous and intravenous continuous

glucose monitoring was not highly correlated during either

surgery or ICU stay.

Keywords Subcutaneous continuous glucose

monitoring � Intravenous continuous glucose monitoring �
Artificial pancreas � Operating room � Intensive care unit

Introduction

Blood glucose management is important for surgical

patient in operating room and intensive care units (ICUs).

Recent evidences suggest that perioperative hyperglycemia

significantly contributes to the development of infection

and it is associated with poor surgical outcomes after car-

diac surgery [1, 2]. In the ICU, hyperglycemia is a risk

factor of hospital mortality [3]. On the other hand, an

association also exists between even mild or moderate

hypoglycemia and mortality in critically ill patients [4].

Therefore, it is important to avoid not only hyperglycemia,

but also hypoglycemia in perioperative glycemic control.

We used intravenous continuous glucose monitoring with

closed-loop glucose control to avoid hypoglycemia and

reduce the nurses’ workloads [5, 6]; however, this tech-

nique was problematic because of the interruption of blood

glucose measurement and automatic glucose control

caused by blood removal failure [6].
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On the other hand, a previous study reported that a

subcutaneous continuous glucose monitor was reliable for

use in critically ill patients [7]. We felt a subcutaneous

continuous glucose monitor would be more useful com-

pared to an intravenous continuous glucose monitor

because blood removal failure would be less likely to

occur. Although some studies have evaluated the accuracy

of a subcutaneous continuous glucose monitor compared to

standard devices such as a blood gas analyzer or other

subcutaneous device, no study has as yet compared a

subcutaneous continuous device with an intravenous con-

tinuous device [7–10]. Therefore, we conducted a

prospective observational study to evaluate the accuracy of

a subcutaneous continuous glucose monitor compared to an

intravenous continuous glucose monitor in an operating

room and in an ICU.

Materials and methods

This was a prospective observational trial registered in the

University Hospital Medical Information Network Clinical

Trial Registry System (UMIN-CTR, ID:000013338). Our

hospital’s ethics committee approved the study, and

informed consent was obtained from all patients. We

included patients who had undergone scheduled hepato-

biliary pancreatic surgery.

After general anesthesia induction, a 20-G intravenous

catheter was inserted into a peripheral vein and was con-

nected to the intravenous continuous glucose monitor STG-

55 (Nikkiso, Tokyo, Japan). The subcutaneous continuous

glucose monitor iPro2 (Medtronic Japan, Tokyo, Japan)

was inserted into the subcutaneous tissue of the ipsilateral

upper arm. Continuous blood glucose measurement was

performed from the beginning of the operation to ICU

discharge. The STG-55 measured the glucose level in real

time.

The STG-55 continuously monitored blood glucose

levels via a blood-sampling technique using a dual-lumen

catheter and a glucose sensor electrode with a glucose

oxidase membrane [6, 11]. Before starting the procedure,

two-point internal calibration was performed using a

standard solution (glucose concentration, 0 mg/dL) and a

standard glucose solution (200 mg/dL). During blood glu-

cose monitoring, internal calibration was automatically

performed at 4-h intervals using the standard solution. The

STG-22, the previous generation of the model, is a highly

accurate and reliable system [11, 12]. In a previous study,

the correlation between blood glucose levels, measured

with the STG-22 and a blood gas analyzer (ABL800FLEX,

Radiometer Medical Aps, Denmark), was evaluated by

calculating the Pearson’s correlation coefficient, which was

estimated at 0.96 [12].

The iPro2 measured glucose levels every 5 min using

the glucose oxidase method. This device stored the sensor

signal information internally, and it was retrospectively

calibrated after the device was removed from the patient

[13]. Retrospective calibration allowed the calibration

algorithm to use information both before and after the time

point of interest to obtain an optimal calibration for each

reference point [13]. In this study, we defined 1 and 4 h

after the start of the operation, at ICU admission, and at 7

a.m. on postoperative day 1 as reference points. Reference

glucose data were based on arterial blood values and were

obtained using the ABL800FLEX. The uploading of these

data to web-based software provided a summary of the

glucose measurements. Scheme of methodology in mea-

surements of glucose is shown in Fig. 1.

We excluded the data during the automatic calibration

of the STG-55, which occurred every 4 h. In addition, we

calculated points at which blood glucose measurement was

interrupted by a blood removal failure of the STG-55.

Then, we excluded these points from analysis.

Data are presented as mean ± standard deviation. We

compared the glucose levels obtained using the two devices

every 5 min using a Bland–Altman plot and regression

analyses. The Bland–Altman analysis was used to compare

the bias (the mean of the differences) and limits of agree-

ment (bias ±2 standard deviations of bias) between blood

glucose measured by STG-55 and iPro2. The percentage

errors were also calculated. We defined the STG-55 as the

standard device in this study. In addition, we tested whe-

ther our measurements met the International Organization

for Standardization (ISO) criteria; that is, for glucose val-

ues measured less than 100 mg/dl by the STG-55, the iPro2

values were within ±15 mg/dl, and for glucose valued

measured more than 100 mg/dl by the STG-55, the iPro2

values were within ±15 % [14].

Fig. 1 Scheme of methodology in measurements of glucose. STG-55

measured the ‘‘blood’’ glucose level via an intravenous catheter. On

the other hand, iPro2 measured the ‘‘intracellular’’ glucose level via a

subcutaneous needle. G glucose
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Results

A total of 19 patients were enrolled in this study. The STG-

55 broke down in three cases, and the iPro2 did not export

data in one case; thus, 15 cases were analyzed. Three

patients received 1–5 lg/kg/min of dopamine for

hypotension (Table 1).

Operation room

We collected 685 comparative samples. Of these, 34 were

excluded because the STG-55 could not measure blood

glucose owing to calibration. In addition, 46 samples were

excluded because the STG-55 could not measure blood

glucose owing to blood removal failure (6.7 % of all

samples). The mean glucose level measured using the

STG-55 was 125 ± 29 mg/dl, and that measured using the

iPro2 was 138 ± 26 mg/dl. A scatter diagram of the blood

glucose levels measured with the STG-55 and iPro-2 is

shown in Fig. 2a. A linear regression line had the equation

of the form y = 0.814x ? 12.5, where x is the STG-55

blood glucose level and y is the iPro-2 blood glucose level;

the coefficient of determination R2 was 0.516 (\100 mg/dl,

0.050; 100–150 mg/dl, 0.268; [150 mg/dl, 0.324). Then,

we constructed a Bland–Altman plot, as shown in Fig. 3a.

The x-axis represents arithmetical averages (STG-55 blood

glucose level ? iPro2 blood glucose level)/2) across the

range of 82.1–266.4. The y-axis represents differences

(STG-55 blood glucose level—iPro2 blood glucose level).

In this case, the differences vary from -90.7 to 65.4. The

three lines represent the 95 % upper limit of agreement, the

arithmetical average of the differences and the 95 % lower

limit of agreement from the top. The SD of the differences

was 21.0. We computed the upper and lower limit agree-

ment as -13.1 (the arithmetical average of the differences)

plus and minus 2 times 21.00(SD), which yielded 28.9 and

-55.1. We found that 4.95 % (30 of 605) of the data points

are outliers, exceed the upper limit of agreement, or fall in

the lower limit of agreement. For the limits of agreement,

the differences were evaluated for a Normal distribution in

two ways: (1) Kolmogorov–Smirnov test (p value =

0.071[ 0.05) and (2) histogram (Fig. 4a). The x-axis

contains the differences in increment of 5 mg/dl. The y-

axis represents relative frequencies. The percentage error is

30.5 % (2 times 21.0 (SD of the differences) divided by

145 (the arithmetical average of STG-55 blood glucose

levels) multiplied by 100). Thirty-six percent were within

±15 mg/dl of the intravenous values at glucose concen-

trations below 100 mg/dl, and 59 % were within ±15 % of

the intravenous values at glucose concentrations at or

above 100 mg/dl.

ICU room

We collected 3145 comparative samples. Of these, 158 were

excluded because of removal failure (4.5 % of all samples).

The mean glucose level measured using the STG-55 was

142 ± 18 mg/dl, and that measured using the iPro2 was

145 ± 31 mg/dl. A scatter diagram of the blood glucose

levels measured with the STG-55 and iPro-2 is shown in

Fig. 2b. A linear regression line had the equation of the form

y = 0.125x ? 123, where x is the STG-55 blood glucose

level and y is the iPro-2 blood glucose level, the coefficient

of determination R2 was 0.051 (\100 mg/dl, 0.017;

100–150 mg/dl, 0.067;[150 mg/dl, 0.019). Then, we con-

structed a Bland–Altman plot, as shown in Fig. 3b. The x-

axis represents arithmetical averages across the range of

85.9–266. In this case, the differences vary from -157 to

129. The SD of the differences was 32.4. We computed the

upper and lower limit agreement as -3.56 plus and minus 2

times 32.4 (SD of the differences), which yielded 61.3 and

-68.4. 5.35 % (160 of 2987) of the data points are outliers,

exceed the upper limit of agreement or fall the lower limit of

agreement. For the limits of agreement, the differences were

evaluated for a Normal distribution in two ways: (1) Kol-

mogorov–Smirnov test (p value\0.01) and (2) histogram

(Fig. 4b). The x-axis contains the differences in increment of

5 mg/dl. The y-axis represents relative frequencies. The

percentage error is 44.7 % [2 times 32.4 (SD of the differ-

ences) divided by 138 (the arithmetical average of STG-55

blood glucose levels) multiplied by 100]. Twenty-four per-

cent of the patients were within ±15 mg/dl of the intra-

venous values at glucose concentrations below 100 mg/dl,

and 61 % were within ±15 % of the intravenous values at

glucose concentrations at or above 100 mg/dl.

Table 1 Patients background

N = 15

Gender (F:M) 4:11

Age (years) 69 ± 9

Height (cm) 158 ± 10

Weight (kg) 61 ± 14

Body mass index (kg/m2) 24 ± 5

Operation method (n)

Hepatectomy 12

Pancreatoduodenectomy 3

Intraoperative data

Total amount of infusion (ml) 3024 ± 1122

Total amount of urine (ml) 533 ± 517

Total amount of bleeding (ml) 604 ± 449

Postoperative data

pH value at ICU admission 7.39 ± 0.04

Body temperature at ICU admission (�C) 36.2 ± 0.6

Use of inotropic agent (n) 3
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Overall

The mean glucose level measured using the STG-55 was

139 ± 21 mg/dl, and that measured using the iPro2 was

144 ± 31 mg/dl. A scatter diagram of the blood glucose

levels measured with STG-55 and iPro-2 is shown in

Fig. 2c. A linear regression line had the equation of the

form y = 0.225x ? 106, where x is the STG-55 blood

glucose level and y is the iPro-2 blood glucose level; the

coefficient of determination R2 was 0.109 (\100 mg/dl,

0.041; 100–150 mg/dl, 0.097; [150 mg/dl, 0.036). Then,

we constructed a Bland–Altman plot as shown in Fig. 3c.

The x-axis represents arithmetical averages across the

range of 82.1–266. In this case, the differences vary from

-157 to 129. The SD of the differences was 31.0. We

computed the upper and lower limit agreement as -5.17

plus and minus 2 times 31.01(SD of the differences), which

yields 56.9 and -67.2. Furthermore, 8.29 % (298 of 3592)

of the data points are outliers, exceed the upper limit of

agreement, or fall in the lower limit of agreement. For the

limits of agreement, the differences were evaluated for a

Normal distribution in two ways: (1) Kolmogorov–Smir-

nov test (p value\0.01) and (2) histogram (Fig. 4c). The

percentage error is 43.1 % (2 times 31.0 (SD of the dif-

ferences) divided by 144 (the arithmetical average of STG-

55 blood glucose levels) multiplied by 100). Thirty-three

percent of the patients were within ±15 mg/dl of the

intravenous values at glucose concentrations below

100 mg/dL, and 61 % of the patients were within ±15 %

of the intravenous values at glucose concentrations at or

above 100 mg/dL.

Discussion

Several guidelines recommended arterial or venous whole-

body sampling for blood glucose management in ICU

patients [15, 16]. Although capillary glucose measurement

Fig. 2 The x-axis is for STG-55, and the y-axis for the iPro2. The a, b and c are during operation, during ICU and overall, respectively. The

regression straight lines were found by the method of least squares
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is accurate in normotensive patients, several factors such as

the presence of edema, a shock state, or the use of vaso-

constrictors affect peripheral perfusion in ICU patients

[17]. Thus, alternated peripheral perfusion might affect the

accuracy of capillary glucose measurements [17]. In fact,

previous reports described low accuracy of capillary glu-

cose measurement with patients who received vasopres-

sors, had edema, and were in a shock state [17–19]. On the

other hand, one recent study showed that subcutaneous

continuous glucose monitoring to guide insulin treatment

in critically ill patients is as safe and effective as inter-

mittent point-of-care measurements [20]. In our study, pH

value and body temperature were within normal ranges. In

addition, 80 % of the patients did not use vasopressors.

Therefore, we thought that there were few factors that

could affect subcutaneous measurement. The Pearson

correlation coefficient was 0.92 in the previous study

comparing subcutaneous continuous monitoring with a

blood gas analyzer [7].

In another study that concluded the accuracy of subcu-

taneous continuous monitoring was relatively low in criti-

cally ill patients, the coefficient of determination was 0.65

and 75.8 % within±20 % of the standard device at glucose

concentrations at or above 75 mg/dl [9]. In our study, the

coefficient of determination was 0.11 and 61 % within

±15 % of the intravenous values at glucose concentrations

at or above 100 mg/dl. Our study defined the STG-55 as a

standard device, unlike other studies. Therefore, the num-

bers of comparison points in our study differed greatly

from those of other studies: 239 ± 45 vs. 11–12 per patient

[7, 9]. This study included patients who received hepate-

ctomy. In hepatectomy, the temporary clamp of the hepatic

artery and the portal vein, namely the Pringle maneuver, is

used to reduce intraoperative bleeding. Previous studies

Fig. 3 The x-axis is for arithmetical averages ((STG-55 value ?

iPro2 value)/2), and the y-axis for differences (STG value—iPro2

value). The a, b and c are during operation, during ICU and overall,

respectively. For every figure, three straight lines has the equations:

from the top, y = arithmetical average of the differences ? 2 9

(standard deviation of the differences), y = arithmetical average of

the differences, y = arithmetical average of the differences—2 9

(standard deviation of the differences)
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have shown a rapid, profound transition in glucose con-

centrations during hepatic resection using the Pringle

maneuver [21, 22]. In fact, a rapid alternation of blood

glucose occurred in this study. Interstitial fluid glucose

generally correlated with blood glucose, with a lag time of

between 0 and 45 min and an average lag of 8–10 min and

a gradient between interstitial and plasma glucose con-

centrations varying between 20 and 110 % [23]. That is, if

this situation were to greatly change, the differences would

be caused by a time lag at almost all points. After ICU

admission, patients received peripheral parental nutrition,

and insulin administration was begun via the STG-55. The

same situation was created by developing a fluid that

included 7.5 % of glucose and insulin. Although the rapid

changes in blood glucose levels caused by the Pringle

maneuver was observed for a short period, the changes due

to parenteral nutrition and insulin therapy continued during

the ICU stay. In addition, both the volume of the plasma

and the interstitial fluid affected interstitial fluid glucose

concentration [23]. Therefore, altered fluid balance

between the plasma and the interstitial space, such as

edema, might have a harmful effect on the measurement

results especially in patients in the ICU. We believe these

factors were responsible for the lower correlation observed

in the ICU compared to that in the operation room.

Although sensors were inserted under the abdominal

skin in most other trials, we inserted it into the subcu-

taneous tissue of the upper arm in this study because the

patients received abdominal surgery [9]. Previous

studies have described how better accuracy was

observed in subcutaneous continuous glucose sensors

placed in the shoulder compared with those placed in the

upper leg during the postoperative period [10]. Although

subcutaneous sensors were inserted into the ipsilateral

side in which the venous catheter was inserted to min-

imize influence, we could not deny the possibility that

an upper arm and an abdominal difference affected the

results.

Fig. 4 The a, b and c are during operation, during ICU and overall, respectively. The x-axis contains the differences (STG value—iPro2 value)

in increments of 5 mg/dl. The y-axis contains the relative frequencies in increments
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We selected hepatectomy as one of the inclusion criteria

because we thought it was important for continuous glu-

cose monitoring devices to detect rapid alterations of glu-

cose in ICU patients to prevent hypoglycemia. This study

showed that the iPro2 did not follow glucose alterations in

patients who received major surgery. However, we thought

the results of this study did not deny the overall accuracy of

subcutaneous continuous glucose monitor. Therefore, fur-

ther prospective studies are required to prepare patients for

subcutaneous continuous glucose monitoring.

Both subcutaneous and intravenous continuous glucose

monitoring reduced the workloads of ICU nurses [5, 20].

Therefore, it is important for ICU staff, as well as patients,

to improve the accuracy and usefulness of these devices. In

this study, the STG-55 could not measure glucose levels in

5.1 % of all the samples. This value did not change for over

a decade because in a previous study, we reported blood

sampling was interrupted in 5.2 % of the cases [6]. In

addition, the STG-55 might not be suitable for an emer-

gency situation because it involves a preparation time of

60 min. On the other hand, the iPro2 involves a simple

preparation and was conducted at all points in this study.

However, the iPro2 was limited in terms of its utility as a

continuous blood glucose measurement device for opera-

tion rooms and intensive care units because it could not

display the real time blood glucose levels owing to the need

for retrospective calibration. We thought blood glucose

measurement during surgery and hemodynamic or fluid

balance instability might be suitable for the intravenous

method and measurements after stabilization might be

suitable for the subcutaneous method.

Some studies have already reported a comparison

between the subcutaneous continuous glucose device and

standard devices [20]. On the other hand, we reported that

intravenous continuous monitoring had acceptable accuracy

compared to the blood gas analyzer [11, 12]. In addition, the

Ministry of Health, Labor, and Welfare approved automatic

blood glucose control using the STG-55 because this was a

highly accurate device. One of the aims of this study was to

evaluate whether subcutaneous continuous glucose moni-

toring could detect alterations of glucose at many points

within one patient. We did not compare two continuous

devices with a blood gas analyzer because of a reduction in

the amount of blood sampling. Based on these aspects, we

defined the STG-55 as a ‘‘standard device.’’

In addition, there are no clearly defined metrics for

reporting what is sufficient in terms of accuracy and reli-

ability between the continuous method and standard devi-

ces [24]. The ISO 15197 criteria recommended that at

glucose concentrations \100 mg/dl, 95 % of the test

results are required to be within ±15 mg/dl, and at higher

glucose concentrations, 95 % of the test results are required

to be within ±15 % [14]. However, these criteria did not

apply to the continuous glucose monitoring systems [14].

Therefore, we are not certain that our evaluation method

was absolutely right.

Conclusion

The current study suggests that subcutaneous and intra-

venous continuous glucose monitoring were not highly

correlated during either surgery or ICU stay. In addition,

the iPro2 might not exactly reflect a rapid change. How-

ever, in the near future, more improvement will be needed

for both devices because blood removal failure was

observed in 5.1 % of all the samples with the STG-55.
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