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Abstract

Background:

Glycemic control in critically ill patients has been shown to be beneficial. In this prospective study, we
evaluated the accuracy and technical feasibility of a continuous glucose monitoring system using intravascular
microdialysis.

Method:

Fifty patients undergoing cardiac surgery were monitored using a 4 Fr intravenous microdialysis catheter
(Eirus SLC™, Dipylon Medical AB, Solna, Sweden) percutaneously placed with the tip of the catheter positioned
in the superior vena cava. The catheter was connected to the Eirus™ monitoring system, and the patients
were monitored for up to 48 h postoperatively in the intensive care unit (ICU). As reference, arterial blood
samples were taken every hour and analyzed in a blood gas analyzer.

Results:

Data were available from 48 patients. A total of 994 paired (arterial blood gas microdialysis) samples were
obtained. Glucose correlation coefficient (R?) was 0.85. Using Clarke error grid analysis, 100% of the paired
samples were in region AB, and 99% were in region A. Mean glucose level was 8.3 mmol/liter (149 mg/dl),
mean relative difference was 0.2%, and mean absolute relative difference was 5%. A total of 99.2% of the paired
samples were correct according to International Organization for Standardization (ISO) criteria. Bland—Altman
analysis showed that bias + limits of agreement were 0.02 + 1.1 mmol/liter (0.36 + 20 mg/d]l).

Conclusions:

Central venous microdialysis using the Eirus monitoring system is a highly accurate and reliable method for
continuous blood glucose monitoring up to 48 h in ICU patients undergoing cardiac surgery. The system may
thus be useful in critically ill ICU patients.
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Introduction

Glucose control in critically ill patients has been the
topic of an intense debate since the 2000s. It is a known
fact that critically ill patients, both with and without
diabetes, frequently develop hyperglycemia. Mechanisms
underlying this stress-induced hyperglycemia include
peripheral insulin resistance and increased glucose
production by gluconeogenesis."? With the arrival of the
Leuven studies, demonstrating a substantial mortality
and morbidity risk reduction with tight glycemic control
(TGC) using intensive insulin therapy (IIT),** the interest
in glucose control in the intensive care unit (ICU)
increased considerably. Further studies have investigated
the benefit versus harm with IIT, and the results are
diverging. However, they have failed to reproduce the
same benefits as in the Leuven studies and instead have
indicated adverse effects, one being increased risk of
hypoglycemia>” The Normoglycemia in Intensive Care
Evaluation—Survival Using Glucose Algorithm Regulation
(NICE-SUGAR) study reported a significantly increased
mortality in critically ill patients with IIT and more
frequent episodes with severe hypoglycemia,® possibly due
to inappropriate implementation of IIT with inadequate
blood glucose control. Further, a meta-analysis from
2009° including NICE-SUGAR data reported that IIT in
critically ill patients results in a significantly increased
risk of hypoglycemia and no overall mortality benefit
but suggested that IIT may be beneficial to surgical ICU
patients. It should be noted that this suggestion was
questioned in a reanalysis published in 2010.1°

In patients undergoing cardiac surgery, hyperglycemia
is associated with increased adverse outcomes, including
mortality, morbidity, and deep wound infections.!'"13
Insulin infusion is associated with reduced mortality in
patients with diabetes undergoing coronary artery bypass
grafting."* A systematic review declared that TGC with
IIT is beneficial for patients undergoing cardiac surgery.!®
It should be noted that the definition of hyperglycemia
and TGC differ between studies.

Glucose control in the ICU requires frequent and correct
glucose monitoring. An accurate real-time continuous
glucose monitoring (CGM) system may prove to be
beneficial in the management and treatment of hypo-
glycemia, hyperglycemia, and glucose variability.
Intravascular microdialysis is a method for continuously
measuring blood glucose without blood sampling, which
was first experimentally described in 1996.1° This study

was designed to evaluate the accuracy of this method in
patients undergoing cardiac surgery.

Methods

Fifty patients undergoing elective cardiac surgery with
routine clinical standards between March and July 2010
were included in the study after written informed consent
from each patient. The study was approved by the Regional
Ethics Committee of Stockholm. The Eirus™ microdialysis
system (Dipylon Medical AB, Solna, Sweden) was used to
measure blood glucose continuously. The system includes
the Eirus single lumen catheter (SLC) (Dipylon Medical AB,
Solna, Sweden), which is a radiopaque central venous
access catheter with a microdialysis membrane close to
the distal end (Figure 1). In the proximal end, there are
extensions with luer connectors for inlet and outlet of
perfusion fluid. The extensions are linked to the three-
lumen tube via a junction. Directly on the junction, there
is a luer connector for the middle lumen, which is open
in its distal end. The catheter body is marked in 1 cm
increments, which allows determination of inserted
catheter length. The effective length of the catheter is
30 cm. The outer diameter is 1.35 mm (@ Fr), except at the
microdialysis chamber, where it is close to 2 mm (6 Fr).
The catheter is connected to a sensor and monitor system
that continuously (every second) measure and display
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Figure 1. The Eirus SLC: (1) three-lumen catheter, (2) membrane,
(3) marker band, (4) soft tip, (5) junction, (6) inlet, and (7) outlet.

J Diabetes Sci Technol Vol 6, Issue 6, November 2012

1366

www.journalofdst.org



Evaluation of a Continuous Blood Glucose Monitoring System Using Central Venous Microdialysis

Schierenbeck

blood glucose values using the glucose oxidase method
(Figure 2).
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Figure 2. The Eirus SLC connected with the sensor and monitor.
Continuous blood glucose values are displayed on the monitor screen.

The microdialysis catheter was placed preoperatively
after general anesthesia through an Edwards Introflex
introducer (6 Fr) in the right internal jugular vein and
inserted approximately 19 cm from skin to the distal
tip of the catheter to ensure placement in the vena
cava superior/right atrium. All patients had at least one
other central venous line, most commonly a 7 Fr triple-
lumen central venous catheter (CVC), through which
postoperative infusions were administered. All patients
received a standardized infusion of 5% glucose solution
at the rate of 1 ml/kg/h during the entire ICU stay.
After insertion, the microdialysis catheter was connected
to the monitor and the sensor and perfusion of the
system with sodium chloride was initiated (5 ul/min).
Blood glucose values were displayed on the monitor

after approximately 10 min, the time it takes to perfuse
the system.

Upon arrival at the ICU after cardiac surgery, the
monitoring of glucose values was started, with reference
arterial and venous blood gas taken once every hour
and analyzed in a blood gas analyzer (ABL800 FLEX,
Radiometer Medical, Copenhagen, Denmark). In a previous
study, we described the accuracy of arterial blood gas as
a reference method compared with plasma glucose values
analyzed by hospital laboratory with good results.!”

Patients were monitored for up to 48 h or until discharged
from the ICU (n = 49) or withdrawal of consent (n = 1).
The microdialysis glucose values were calibrated using the
first available arterial blood gas value and then every 8 h.
The glucose values used for calibration were not included
in the analysis of accuracy, which implies that seven
paired arterial blood gas to microdialysis glucose values
could be obtained between calibrations. The calibration
time of 8 h was chosen for the convenience of the user
(the nursing staff) who is used to calibrating devices
once every shift (i.e., every 8 h). No consistent, systematic
drift between calibrations was observed (Figure 3). The paired
glucose values were corrected for the time lag (10 min)
to better show the technical accuracy of the microdialysis
system. No postoperative anti-coagulation was initiated
the first 24 h after surgery. If the patients stayed in the
ICU after 24 h, they received standard antithrombotic
prophylactic medication with low molecular weight heparin.

Statistical Analysis

Data are presented as mean * standard deviation (SD).
Correlation plots were made to calculate the correlation
coefficient. Clarke error grid analysis (EGA) was made to
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Figure 3. Mean absolute difference after time from calibration
demonstrates the lack of systematic drift.
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evaluate the clinical relevance of microdialysis glucose
values.”® The EGA plots display paired samples in five
distinct zones of different significance. Values in zone A
are within 20% of the reference value and have no clinical
implications. Values in zone B exceed 20% difference from
reference value but lead to appropriate clinical decisions.
Values in zone C may lead to unnecessary but harmless
corrections. Values in zones D and E represent over-
estimation of hypoglycemia (failure to detect) or under-
estimation of hyperglycemia that may lead to incorrect
clinical actions. In short, the more values in zones A
and B, the greater the clinical accuracy of the method.
Glucose values were also evaluated according to the
International Organization for Standardization (ISO)
criteria.’ To meet this criteria, test glucose values have
to be within +20% of reference values if the reference
value is >4.1 mmol/liter (74 mg/dl). If the reference value
is less than 4.1 mmol/liter (74 mg/dl), the test values
have to be within +0.8 mmol/liter (14 mg/dl) 95% of the
time. Bland—-Altman analysis was also used to compare
the bias (mean of differences) and limits of agreement
(bias + 2 SD).

Results

Data were available from 48 patients; in one patient, data
were missing due to catheter damage in conjunction with
mitral valve surgery, and in one patient, data were missing
due to mechanical sensor failure. Patient characteristics
are displayed in Table 1. Mean follow-up time was 24 h
(range 13-46), and patients gave an average number
of samples of 20.7 (range 8-41, median 19). All patients
survived the surgical procedure. In routine cases, patients
are admitted to the ICU postoperatively and discharged
the day after to the postoperative ward. In this study,

Sex, male/female 37/11
Age, years 68 + 14
Body mass index 26.6 + 4.4
History of diabetes 10
Treated with insulin 3
Treated with oral antidiabetics 7
Surgical procedure

Coronary artery bypass grafting 25
Valve surgery 20
Other 4

4 Values are presented as mean = SD

patients could leave the ICU on postoperative day 1
(n = 41) or postoperative day 2 (n = 7). Microdialysis
glucose values were compared with arterial blood gas
values, and a total of 994 paired values were obtained.
Using Clarke EGA, 100% of the paired samples were in
region AB and 99% in region A (Figure 4). Mean glucose
level was 8.3 mmol/liter (149 mg/dl), mean relative
difference [(arterial blood gas value - microdialysis value)/
arterial blood gas value] was 0.2%, and mean absolute
relative difference was 5%. Bland—Altman analysis showed
bias + limits of agreement were 0.02 + 1.1 mmol/liter
(0.36 + 20 mg/dl; Figure 5). A total of 99.2% of the
paired samples were correct according to ISO criteria.
No hypoglycemia was seen among the patients. In the
hyperglycemic range, there was increased bias as seen
in the Bland-Altman analysis. No complications were
observed caused by the microdialysis catheter. There was
no blood clotting of the catheters, and no loss of recovery
was observed as an indicator of blood clotting.

Eirus glucose (mmol/liter)

{ C E

0 5 10 15 20
Arterial blood gas glucose (mmol/liter)

Figure 4. Clarke EGA comparing blood glucose measured by Eirus
microdialysis and arterial blood gas.

Discussion

This study introduces the method of intravascular
microdialysis for continuous measurement of blood
glucose to enable improved glucose control in the ICU.
Accuracy of the microdialysis system was satisfactory,
with high agreement with blood gas analysis, low bias,
and all paired samples within the AB zone of the
Clarke error grid.
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Figure 5. Bland—Altman analysis. The difference between microdialysis
and arterial blood gas is plotted with mean blood glucose. Lines for
bias and limits of agreement (+ 2 SD) are shown. Art-BG, arterial
blood gas.

Glucose control today aims not only to avoid hyper-
glycemia, but also to safely detect severe hypoglycemia, which
is associated with adverse outcomes in ICU patients.?*-?
Studies have also discussed glucose variability® as
an independent risk factor for increased mortality in
critically ill patients.?* Thus glycemic control in the ICU
is important to better manage hypoglycemia, hyper-
glycemia, and glucose variability.

After the Leuven study was published in 2001,°> TGC has
been implemented in critical care with IIT to maintain
normoglycemia. Target blood glucose levels remains
controversial.® In the original Leuven study, the target
blood glucose level was 44-6.1 mmol/liter (79-110 mg/dl),
and in the NICE-SUGAR study, the target glucose level
was 4.5-6.0 mmol/liter (81-108 mg/dl). It seems to be
generally accepted to try to avoid hyperglycemia in
critically ill patients but not necessarily to aim for the
tight glucose interval suggested by the Leuven studies.
Especially, it seems diabetes patients benefit from higher
glucose levels than nondiabetic patients.?®

The inability to measure blood glucose accurately and
with enough frequency in the ICU creates difficulties
with glucose control. This can be prevented with an online
real-time continuous method to measure blood glucose:
a CGM system that enables the clinician to better control
glucose regarding hypoglycemia, hyperglycemia, and
glucose variability. It may also help reduce nurse
workload.” Several studies have evaluated different
CGM systems in critically ill patients.®3° The CGM
systems used in these studies are placed subcutaneously,
which may be hazardous in a critically ill patient with
decreased peripheral circulation, especially if treatment

with vasopressors are given, although it is also necessary
to point out that some studies have shown this not to
be the case® The Eirus microdialysis system is an
intravascular method that is simple to use and now
proven to be accurate in the ICU setting. The results in
this study show a high accuracy between blood glucose
levels measured by the microdialysis system and blood
glucose levels measured conventionally by analyzing
an arterial blood gas. Intravascular microdialysis may
therefore provide reliable information to improve
glycemic control.

The microdialysis system was placed in the superior
vena cava/right atrium, in close proximity to the CVC.
We did not observe any disturbances from glucose
infusions administered in the CVC, probably due to the
high blood flow in the superior vena cava. Given that
we did not observe any hypoglycemic events, we cannot
imply with certainty that the Eirus microdialysis system
is accurate in hypoglycemic blood glucose levels; but we
also have no reason to believe otherwise.

Another method to measure intravascular blood glucose
continuously was described by Yamashita and coauthors™
in 2009, reporting the intravascular CGM system to be
useful in the ICU setting. Skjaervold and coauthors®
presented another new intravascular method of CGM with
good results in anesthetized pigs. Their results were
in concurrence with the accuracy of the Eirus system,
reporting bias + limits of agreement of 0.01 + 0.9 mmol/liter
(0.18 + 16 mg/dl; Eirus bias 0.02 + 1.1 mmol/liter [0.36 +
20 mg/dl]). A near-continuous method to measure blood
glucose is described in an animal study,® but since this
method involves blood sampling every 15 min, it is our
belief that the microdialysis system may be easier to use.

In this study, we have used arterial blood gas glucose
values as reference values, as this is the routine method
used in our clinic for glucose monitoring in critically ill
patients today. However, it should be stated that the gold
standard for glucose measurements is venous plasma
analyzed by the hospital laboratory. We have investigated
the accuracy between arterial blood gas and plasma
glucose values with following results: mean difference
was 0.27 mmol/liter (95% confidence interval -0.3 to
0.9 mmol/liter), and 100% of the samples were within
ISO criteria and within zone A of the Clarke error grid.l”
A total of 37 paired samples were obtained. Corstjens
and coauthors* found that 96.8% of paired samples were
within the AB zone of the Clarke EGA (57.2% within
zone A) and conclude that arterial blood gas analysis
is a safe and reliable method for glucose monitoring in
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critically ill patients. In a similar study by Petersen and
coauthors,® arterial blood gas is also recommended for
use in the ICU. Thus we believe that it is justified to use
arterial blood gas as the reference method in this study.

The major limitation of this study is that no hypo-
glycemic episodes were observed, and the Eirus micro-
dialysis system is therefore not satisfactorily evaluated
in hypoglycemic blood glucose levels. However, the
system has been tested in hypoglycemic ranges in an
animal study with equal accuracy shown in this study
(Liska, personal communication). Further studies using
intravascular microdialysis are needed to confirm
these results and especially to evaluate the accuracy
in hypoglycemic glucose levels. In addition, a major
disadvantage of the system is the requirement of a separate
central venous line. It would be advantageous to have
these two functions incorporated into the same catheter.

Conclusions

This study shows that intravascular microdialysis is
an accurate, useful, and safe method for continuous
measurement of glucose in critically ill patients without
blood sampling for up to 48 h compared with arterial
blood gas analysis. To what extent this method may
improve glucose control with regard to hyperglycemia,
hypoglycemia, and glucose variability remains to be
further evaluated.
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