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Abstract

Blood glucose and its variability of is a major prognostic factor associated with morbidity. We hypothesized that intravenous
microdialysis incorporated in a central venous catheter (CVC) would be interchangeable with changes in blood glucose
measured by the reference method using a blood gas analyzer. Microdialysis and central venous blood glucose measurements
were simultaneously recorded in high-risk cardiac surgical patients. The correlation between absolute values was determined
by linear regression and the Bland—Altman test for repeated measurements was used to compare bias, precision, and limits
of agreement. Changes in blood glucose measurement were evaluated by four-quadrant plot and trend interchangeability
methods (TIM). In the 23 patients analyzed, the CVC was used as part of standard care with no complications. The correlation
coefficient for absolute values (N =99) was R=0.91 (P <0.001). The bias, precision and limits of agreement were — 9.1, 17.4
and —43.2 to 24.9 mg/dL, respectively. The concordance rate for changes in blood glucose measurements (N =77) was 85%
with the four-quadrant plot. The TIM showed that 14 (18%) changes of blood glucose measurements were uninterpretable.
Among the remaining 63 (82%) interpretable changes, 23 (37%) were interchangeable, 13 (20%) were in the gray zone, and
27 (43%) were not interchangeable. Microdialysis using a CVC appears to provide imprecise absolute blood glucose values
with risk of insulin misuse. Moreover, only one third of changes in blood glucose measurements were interchangeable with
the reference method using the TIM.
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1 Introduction

Blood glucose level is a prognostic factor involved in morbi-
mortality in surgical and intensive care setting [1], reflecting
various mechanisms, including inflammation and insulin-
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with satisfactory accuracy and feasibility in comparison
with blood glucose measurements as reference method in
intensive care patients [6—8], probably because the tissue
perfusion can be altered.

While new intravascular sensors have been developed
through a peripheral venous catheter; to date no system was
available in routine care [9], because of difficulties in regu-
latory approval, thrombotic events at the sensor tip, unex-
pected drug interferences, and inconsistent manufacturer
support [9]. Recently, the Eirus system (Maquet Critical
Care, Solna, Sweden) was proposed using a central venous
catheters (CVCs) and a microdialysis device with encourag-
ing results [10-15]. Before recommending a wider used of
this new monitoring for bedside, its accuracy must be further
validated in independent work, with the trend interchange-
ability statistic method (TIM), as recently reported [16].

The objective of the present study, conducted in selected
high-risk cardiac surgical patients for hyperglycemia, was to
compare intravascular microdialysis blood glucose measure-
ments with central venous blood sample measurements as
the reference method. We tested the hypothesis that changes
in blood glucose values determined by intravascular micro-
dialysis using the TIM would be interchangeable with those
measured by the reference method.

2 Methods

2.1 Compliance with ethical standards

2.1.1 Disclosure of potential conflicts of interest

The authors declare that they have no conflict of interest.
2.1.2 Informed consent

In agreement with French law for clinical research, as data
were collected during routine care administered according
to standard procedures currently used in our institution, the
need for written informed consent was waivered. However,
preoperative verbal consent was obtained from all study par-
ticipants before surgery.

2.1.3 Ethical approval and registration

This study was approved by the Local Ethics Committee.
(Reference A14-D36-VOL.22, CPP Nord Ouest III, Caen
University Hospital, France (Chairman Dr. C. Gourio) on
21 October 2014). The study was registered in https://Clini
calTrials.gov (NCT02296593), and the study methodology
complied with the STROBE Statement [17] and GRRAS
guidelines [18]. All procedures performed in this study
involving human participants were in accordance with the
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Ethical Standards of the Institutional Research Committee
and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

2.2 Study population

From January 2015 to July 2015, all consecutive adult high-
risk cardiac surgical adult patients (i.e., with high-risk of
stress hyperglycemia) were included preoperatively in the
case of left ventricular ejection fraction < 30% and/or high-
risk cardiac surgery (aortic dissection, double valve replace-
ment, left ventricular assist device, left ventriculoplasty,
endocarditis). An appointed anaesthesiologist acquired all
data. Patients without high surgical risk, off-pump cardiac
surgery (predictable short operating time), or for whom the
investigator was not available, were not included. Patients
with CVC misplacement (not positioned with the tip in the
superior vena cava above the right atrium confirmed by
echocardiography) were excluded from the study. As rec-
ommended by the manufacturer, blood glucose values higher
than 360 mg/dL were not analyzed, as the Eirus device V2.0
cannot provide accurate values in this range (the monitor
simply displays “> 360 mg/dL”).

2.3 Study procedure

In the operating room, after induction of general anesthe-
sia, a radial arterial catheter and a right jugular CVC with
an integrated microdialysis function (Eirus, Maquet Criti-
cal Care AB, Solna, Sweden) were placed by ultrasound
guidance in all patients included in the study. The CVC was
then connected to a dedicated monitor (Eirus V2.0, Maquet
Critical Care AB, Solna, Sweden) via a specific microdialy-
sis sensor, which converts biochemical data into numerical
data (glucoseg;,,,). This specific five-lumen CVC used two
dedicated lumens for the microdialysis system, and 3 lumens
for usual drug administration. After automatic rinsing of
the system with 0.9% sodium chloride solution, venous
blood glucose measurements were calibrated with a blood
sample obtained from the CVC (glucose,;) using a blood
gas analyzer (ABL 800 Flex, Radiometer Medical, Copen-
hagen, Denmark), located adjacent to the operating room,
with a biochemical method (oxygen electrode oxidation).
Continuous blood glucose monitoring was then displayed
on the monitor with a 5-min delay (corresponding to the
transit time for microdialysis fluid from the microdialysis
membrane to the microdialysis sensor). Only one calibration
was performed because the study period was shorter than
the calibration interval (8 h, required by the monitor). All
patients were intubated, ventilated (volume-controlled regi-
men) and sedated with propofol and remifentanil to maintain
a bispectral index between 40 and 60 during surgery.
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2.4 Data processing

Demographic data (sex, age, height, weight, preoperative
LVEF, history of systemic hypertension and/or diabetes
mellitus and/or chronic obstructive pulmonary disease,
EuroSCORE) [19] and type of surgery were recorded. One
hour following calibration, the blood glucose measurement
displayed on the monitor was recorded by a dedicated inves-
tigator (CG) 5 min after each central venous sample to take
into account to the microdialysis time lag, and measurements
were repeated every 30—60 min during surgery. The number
of measurements was dependent on the surgical procedure
and differed for each patient.

The repeatability of the blood gas analyzer, previously
determined on 30 sets of measurements for one sample,
based on the mean of three different samples, was calcu-
lated to be 2%.

2.5 Statistical analysis

Data are expressed as mean (standard deviation) (SD) or
median (interquartile range) for not normally distributed
variables (Kolmogorov—Smirnov test) or number (percent-
age), as appropriate. Correlations between absolute values of
glucose,; and glucosey;,,,, during surgery were determined
by linear regression, with calculation of the corresponding
correlation coefficient. The bias, precision (SD of bias) and
limits of agreement [bias (1.96 SD)] were evaluated using
multiple observations per subject [20].

Changes in blood glucose measurements were evaluated
with a four-quadrant plots with a calculated concordance rate
(ratio of the number of changes in the same directions (i.e.,
in the top right and bottom left quadrants/all changes) [21],
and the trend interchangeability method (TIM), recently
described [16]. Briefly, this new method was designed to
objectively define the interchangeability of each change of
a variable. The first step of the TIM is to determine whether
or not each variation is interpretable. A variation is con-
sidered as interpretable if the confidences intervals of the
reference values (reference value + reference value multi-
plied with the repeatability coefficient) of the two measure-
ments (time 1 and time 2) do not overlap. A change between
points 1 and 2 would then be interpretable (1 and 2 with
non-overlapping confidences intervals) or uninterpretable (1
and 2 with overlapping confidences intervals). The second
step of the TIM is to assess each change in measurements
between two methods of measurement as interchangeable
(the second point was in the interchangeability zone defined
by using interchangeability lines), in a gray zone (only the
repeatability of the second point was in the interchangeabil-
ity zone), or not interchangeable (neither the second point
nor its repeatability was not in the interchangeability zone)
[16]. An interchangeability rate can then be calculated by

the number of interchangeable changes divided by the total
number of interpretable changes. A laboratory tolerance
limit>90% was a priori considered to be appropriate for the
trend interchangeability rate between changes in glucose, ¢
and glucoseg; .

In line with the primary objective, we empirically con-
sidered that at least 80 changes in blood glucose measure-
ments were needed to calculate a trend interchangeability
rate. With at least 4 blood glucose changes per patient during
the study period, a sample size of 20 patients was required.
We decided to include an additional four patients to allow
for possible technical problems.

A P-value less than 0.05 was considered statistically sig-
nificant, and all P-values were two-tailed. Statistical analy-
sis was carried out using MedCalc® Software bvba version
14.10.2 (Ostend, Belgium), and Excel version 14.4.8 (Micro-
soft Corporation, Redmond, Washington).

3 Results

Among the 288 screened patients during the study period, 39
were enrolled (239 did not have surgical high-risk surgery
as previously defined, and 10 patients have off-pump car-
diac surgery). Fifteen patients were not included because the
investigator was not available, and 1 patient was excluded
because of catheter misplacement. For the remaining 23
patients, the CVC was used for standard perioperative care.
After CVC removal, no blood clotting was observed on the
microdialysis membrane, and no CVC-related complications
were reported. The study population is presented in Table 1.

A total of 99 pairs of absolute blood glucose values
were recorded, without pairs higher than 360 mg/dL.

Table 1 Baseline patient characteristics (n=23)

Age (years) 62+14
Sex (male/female), n 17/6
Height (cm) 169+11
Weight (kg) 78+16
Diabetes mellitus, n (%) 4 (18)
Chronic obstructive pulmonary disease, n (%) 7(32)
Systemic hypertension, n (%) 13 (59)
Preoperative left ventricular ejection fraction (%) 49 (14)
Type of surgery
Valvular surgery, n (%) 10 (43)
Coronary artery bypass grafting, n (%) 4(17)
Aortic dissection, n (%) 6 (26)
Left ventriculoplasty, n (%) 209
Left ventricular assist, n (%) 1(5)
Additive EuroSCORE 6.7 [2.6-14.1]

Data are expressed as mean =+ SD, median [25th—75th percentile], or
number (%)
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The mean value for the pairs of measurements was 4 +2
per patient (range 1-9). Mean glucose,; and glucoseg;,,q
values + SD [range] were 142.0+39.2 [75.6-259.2] mg/
dL and 151.1+42.2 [76.0-257.1] mg/dL, respectively
(P=0.940). The correlation coefficient was r=0.91 (95%
CI0.87-0.94) (P <0.001), and the regression equation was

Y =11.45+0.98X (Fig. 1). The bias, precision and limits
of agreement were —9.1, 17.4 and —43.2 to 24.9 mg/dL,
respectively (Fig. 2). Two examples of individual measure-
ments of glucose,; and glucosey;,,, during the study period
are showed in Fig. 3.
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Fig.3 Individual measurements of glucose.; (continuous line) and
glucoseg;,,s (dotted line) for two patients (Panels a and b) during the
study period

Seventy-seven pairs of changes of blood glucose meas-
urements were collected with a mean of 3.5+ 1.9 changes
per patient (range 0-8). The four-quadrant plots presented
changes of blood glucose values (Fig. 4). The calculated
concordance rate was 95%. Using the TIM, 14 (18%)
changes of blood glucose measurements were uninterpret-
able. Among the remaining 63 (82%) interpretable changes,
23 (37%) were interchangeable, 13 (20%) were in the gray
zone, and 27 (43%) were not interchangeable (Figs. 4, 5).

4 Discussion

The main findings of this observational study conducted in
high-risk cardiac surgical patients are as follows: (i) absolute
blood glucose measurements obtained with the Eirus device
were well-correlated with those obtained with the reference
method with moderate agreement, (ii) although changes in
blood glucose measurements as assessed with Eirus and the
reference method showed an excellent concordance rate,
changes between the two methods were poorly interchange-
able with the TIM.

Blood glucose monitoring is useful in high-risk surgi-
cal and critically ill patients, and it has been described as
an accurate marker closely correlated with morbidity [22,
23]. Elevated blood glucose can be the result of releasing of
stress hormones (epinephrine, cortisol, glucagon), abdomi-
nal hormones (GLP-I and GIP), or central nervous system
failure [24]. Some previous validation studies in humans
compared static blood glucose values obtained via the
microdialysis method and the reference method and reported
similar results in terms of the correlation coefficient. Clini-
cians should be aware about a risk of over or under-meas-
urement of blood glucose using Eirus device in comparison
with reference method, because this can lead to a misuse of
insulin with a risk of hypoglycaemia with deleterious effects.

Previous studies did not assess changes in blood glucose
measurements, expect one using Clarke error grid [14],
which has been described as an inaccurate method [25].
Because variation between two blood glucose measure-
ments are informative about the efficacy of treatment, the
present study compared variations in successive blood glu-
cose measurements between microdialysis compared and the
reference method. Repeated blood glucose measurements
are recommended to avoid hypoglycaemia, and to reduce
blood glucose variability during surgery or in ICU [24, 26].
Indeed, high glucose variability is associated with worse
outcome [27]. In the present study, we used the TIM, a new
method to objectively and specifically study the changes
recorded by two techniques. The TIM complies with the
GRRAS guidelines and appears to be more rigorous than
previously published methods [15]. By analysing the repeat-
ability of the reference method, we classified each change
as uninterpretable or interpretable and then as either non-
interchangeable, in the gray zone or interchangeable. An
interchangeability rate (number of interchangeable changes
divided by the total number of interpretable changes) can
then be calculated. The TIM has also been described as a
plug-and-play method by using free tools available online
[16]. In contrast with the four-quadrant plots method or the
Clarke error grid for changes, the TIM showed that micro-
dialysis was interchangeable in one-third of interpretable
blood glucose changes, which would appear to be insuffi-
cient for clinical practice. One explanation could be that
the device was not sufficiently precise to follow the blood
glucose variations and cannot be used at bedside. Another
explanation could be related to specific technical limitations
of the present study. Indeed, the validity of the present study
is limited by the intraoperative period, and some specific
factors of this type of surgery, such as CPB, mechanical
contact of the microdialysis catheter and CPB canula, prim-
ing, reperfusion, or hypothermia could influence glucose
measurements.

Some limitations of this study should be discussed.
First, the study population consisted of few selected
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Fig.5 Interpretation of changes in blood glucose measurement
between reference and microdialysis methods using the trend inter-
changeability method

high-risk cardiac surgical patients, with only 77 changes
in blood glucose measurements (which is under the 80
changes calculated a priori for the power of the present
study). Other studies must be conducted during other types
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of surgery to assess the clinical value of microdialysis
before recommending more extensive use of this tech-
nique. In particular, patients with unstable diabetes mel-
litus should be evaluated during the perioperative period.
Second, we used venous blood for reference blood glucose
measurements. The investigators considered this approach
to be more reliable, as the CVC was inserted in the internal
jugular vein and the comparison between microdialysis
values and arterial blood samples could be considered
to constitute a bias, which would decrease the internal
validity of the study. Moreover, arterial and central venous
blood glucose has been reported to be interchangeable
[28]. Third, high blood glucose measurements (> 360 mg/
dL) were not evaluated in this study, although the assess-
ment of high blood glucose levels could be more clinically
relevant. Last, phase three clinical utility/outcome studies
are required to evaluate blood glucoseg;,,, monitoring and
validate its clinical value for glycemic control or close-
loop device using both insulin and dextrose.
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In conclusion, microdialysis with an invasive CVC dur-
ing the intraoperative period for high-risk cardiac surgery
appears to provide imprecise absolute blood glucose val-
ues with risk of insulin misuse. Moreover, only one-third
of changes in blood glucose measurements were inter-
changeable with the reference method, which means that
this method must be used with caution. Further studies are
mandatory before recommending this new device in routine
clinical practice for high-risk surgical patients or critically
ill patients.
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