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ntroduction: Tight blood glucose control has become a therapeutical goal for anesthetic
Imanagement for patients scheduled for cardiac surgery, especially if they are diabetic patients.

Aim: This study was created to confirm the benefits of intraoperative GIK solution usage dur-
ing coronary bypass operation of diabetic patients. Methods: Patients with type 1 and 2 diabetes
mellitus (DM) referred for coronary artery bypass grafting (CABG) were randomized to receive
GIK solution (GIK — study group) in the first 24 hours intraoperatively or to receive official
Clinical protocol without GIK solution (non GIK — control group). The primary clinical outcome
was the cardiac index (CI) since it represents the most sensitive measure of cardiac work in the
immediate postoperative period, and the secondary clinical outcomes were the glycemic control,
insulin consumption, duration of mechanical ventilation (MV), potassium level and atrial fibril-
lation (AF) appearance. Results: One hundred diabetic patients, divided into two groups, were
included in the study. The cardiac index did not show a significant difference, although the study
group had CI with only minor variations than those of the controlled group, hence the reason we
considered the study group as the more stable. The atrial fibrillation showed a difference between
two groups, with 14 (28%) patients with postoperative AF in the control group compared with 3
(6%) patients with postoperative AF in the study group. As potassium values were stable in study
group, we concluded that it can be one of the reasons for less postoperative AF in this group. The
duration of MV showed a significant difference (0,003) between the two groups as well. In the study
group the average MV time was 534,38 minutes, compared with the control group with 749,20
minutes. The average value of glucose was 11.1 mmol/l in the control group vs. 9.8 mmol/l in the
study group. The study group had less insulin consumption in order to maintain target glycemia
(p=0,001). In the non GIK group average insulin consumption was 44 IJ per patient vs. 28,5 IJ in
the GIK group. Conclusion: Intraoperative GIK solution given to diabetic patients with CABG
operation provides more stable CI, shorter time of MV, more stable values of potassium which
provides normal rhythm and less AF onset, less insulin to maintain target glycemia. All the above
mentioned provides more stable intraoperative hemodynamic and better recovery of diabetic
patients with coronary artery bypass operations. Key words: diabetes mellitus, coronary artery
bypass operation, glucosa-insulin-potassium solution, intraoperative glucose control
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1. INTRODUCTION

cro angiopathy and macro angiopa-

Diabetes is metabolic disturbance
characterized with hyperglycemia
which is the risk factor for cardiovas-
cular complications, caused by mi-

thy changes. Diabetes mellitus type 2
is the most frequent form presenting
up to 90% all verified diabetic patients,
which presents 3% to 5% of total popula-
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tion. Diabetes mellitus type 2 increases
risk of cardiovascular complications by
two to four times, and more than 50%
of such patients with diabetes dies from
cardiovascular diseases.

Diabetic heart disease includes cor-
onary artery disease, heart failure and
diabetic cardiomyopathy. In diabetics,
coronary artery disease has a higher
prevalence compared to non-diabet-
ics, more expensive treatment, the dis-
ease is multiple vessel disease and has
a rapid progression.

In diabetic populations with severe
coronary artery disease, coronary ar-
tery bypass surgery (CABG) is associ-
ated with an increased rate of intraop-
erative complications compared with
non-diabetics. Postoperative myocar-
dial dysfunction is exacerbated by the
presence of diabetes, so cardiac low
output syndrome is more common in
the postoperative period in diabetics.
It also increased the rate of re-hospi-
talization and additional treatment. In
cardiac surgery there are three factors
involved in the occurrence of stress re-
actions—surgical induced stress, anes-
thetic-induced stress and the stress that
causes the use of cardiopulmonary by-
pass (CPB). The hyperglycemia is the re-
sult of all mentioned stress reaction and
in this way caused hyperglycemia can
induce heart damage in different ways.

GIK solution limits post ischemic
tissue necrosis, infarction and acido-
sis, and prevents myocardial stunning.
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This results in improving CI, shorter
period of MV, reduction in postoper-
ative rhythm disturbances, better en-
ergy balance of muscles and endothelial
function improvement. All mentioned
above, results in better myocardial
function and left ventricle contractility.

2. AIM OF STUDY

Aim of this study was to confirm the
benefits of intraoperative GIK solution
usage during coronary artery bypass
operation of diabetic patients.

3. PATIENTS AND METHODS

Patients were divided into two
groups (GIK group—study and non GIK
group—control), each with 50 diabet-
ics scheduled for CABG; one group re-
ceived itraoperatively GIK solution and
one was operated without GIK solu-
tion. All patients were operated in the
Heart Centre, Clinical Center of Sara-
jevo University, in the period from Jan-
uary 2007 to March 2011, the study was
prospective. Data were collected from
official medical files and specially cre-
ated questionnaire made for our study.

Inclusion criteria were: verified
diabetic patients with indication for
CABG, elective double or triple CABG
done with CPB, patients were in the
age range 18-80 years, both sexes. Cri-
teria for exclusion were: redo surgery,
surgery without use of CPB, combined
operations (coronary artery bypass with
valve replacement or plastic) and emer-
gency cases.

The parameters that were moni-
tored were: intraoperative—use of ar-

of patients in the intensive GIK group non GIK group
care unit, 6, 12 and 24 hours  Age (y) 62.50 +-7.96 |61.08 +- 7.04
after the operation. We used | Gender (M/F) 35M / 15F 29M / 21F
the “soft” control of blood BMI 29.11+-4.01 |29.44 +- 3.89
glucose level, which implied EF (average) 50% 45%
glycemia in values between Prev?ous stroke (nf)/%) 6 (12%) 4 (8%)
6 and 10 mmol 1. m‘:‘;‘:‘t’;snmy°°ard'a' 21 (32%) 27 (54%)

. Statistic is I?rese“ted BY "Atrial hypertension 34 (68%) 43 (86%)
x> test, Flsher s test, Kol- Peripheral vascular - 2 4%)
mogorov Smirnov test, para- | disease
metric tests (student-test DM insulin/oral 24 (48%) /26 |21 (42%) /29
and ANOVA test), nonpara- "YPoglycemic(s) (52%) (58%)
metric tests (Mann-Whitney Table 1. Patient baseline characteristics
U test, Kruskal-Wallis test). GIK group | non GIK group
For statistic analysis SPSS ' Gardiopulmonary bypass 84 min 27 min
FOR Windows was used | (min) average
(version 20.0, SPSS Inc, Chi- | Aortic cross-clamp (min) | o, o . 39 min
cago, Illinois, USA) and Mi- ;verage tion for bloadi
crosoft Excel (version 2010, (nic;%ra lon forbleeding 4 (2%) 1(2%)
x:;fgfi)f(ﬁso[rj%j;tfz;zei—f Table 2. Patient operative data
significancy was p < 0.05. il T | e % 0CA)umuIative
4. RESULTS Non Gik | N© 36 720 [72,0

All relevant patients pre- | group Yes 14 28,0 1000
operative data and operative Total 20 100.0
. No 47 94,0 94,0

data are shown in the Table  GIK Yes 3 6.0 100,0
1 and Table 2. IR otal 50 100,0

We found the cardiac
index (CI) as the primary
marker, since it represents the
most sensitive measure of cardiac work
in the immediate postoperative period.
We did not get a significant difference
in cardiac index of the observed groups,
although the study group had cardiac
index with only minor variations than
those of the controlled group. As the
study group had less variations in CI, we
considered it as the more stable group

terial grafts, aortic cross-

clamp time and CPB time;
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postoperative—time of me-
chanical ventilation, occur-
rence of intraoperative in- 7
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a Swan-Ganz catheter. All
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[ T N e A=)

Oh

non GIK group.

"]
GIK group

6h 12h 24h

immediately after admission

Chart 2. Potassium minimal, maximal and mean values
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Table 3. Atrial fibrillation in both groups

due to cardiac index and hemodynam-
ics (Chart 1).

Onset of the atrial fibrillation was
present in 14 (28%) patients in the non
GIK group compared with 3 (6%) pa-
tients in the GIK group (Table 3).

In the non GIK group there was a
statistically significant difference in the
measurement of potassium between
the 6th and 12th hour p = 0.049, and
between the 12th and 24th p = 0.014
hours. In the GIK group there were no
statistically significant differences in
deviation of repeated measurements
of potassium, except during the inter-
val between the measurement 0 and 6th
hour (p <0.005), indicating that the GIK
group was stable. As potassium values
were stable in the GIK group, we con-
cerned that as one of the reasons of less
AF onset in this group (Chart 2).

There is also a significant differ-
ence (0,003) between the two groups
in time on mechanical ventilation. The
mean time of MV in non GIK group
was 749,20 minutes vs. 534,38 minutes
in GIK group (Table 4).
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Percentiles
GROUP Std. N Maxi- Median
N Mean Deviation Minimum mum 25t (50" 75"
Non GIK \'\/"echar.“ca' 50 | 749,20 | 348,146 | 360,00 |1440,00| 457,50 | 585,0 | 1035,00
‘entilation
GIK \'\/"echar.“ca' 50 | 534,38 | 216,21 1,44 | 1140,00 | 389,75 | 498,50 | 582,00
‘entilation
p=0.003
Table 4. Time of mechanical ventilation (minutes)
Std. De- | Mini- | Maxi- PRS-
Insulin N Mean . 25th tiles Me- | 75th |P
viation mum | mum )
dian 50th
nonGIK |5, 14530 |2748 |00 |13500 |28,00 |44,0 66,00
group p=0.001
GIK group |50 30,66 |23,54 ,00 102,00 |12,00 |28,5 42,00

Table 5. Total insulin consumption in the first 24 postoperative hours

Bearing in mind how

much can be harmful ap-
pearance of hyperglycemia
in the early postoperative
recovery, we observed it in
our study. In both groups,

there was an increase in
blood sugar levels. In the
control group the highest
value of glycemia was 18.2 mmol/l, vs.
18 mmol/l in the study group. With the
rapid correction of hyperglycemia with
an IV. bolus of insulin, desired glyce-
mia values were achieved. The average
value of postoperative glycemia was
11.1 mmol/lin the control group vs. 9.8
mmol/l in the study group. (Chart 3).

The insulin consumption in groups
were different. In the non GIK group
mean value of insulin consumption
was 44 IJ (28I] — 661]) vs 28,5 IJ (12I]
— 42I]) in the GIK group. So, the GIK
group had less insulin consumption
in order to maintain target glycemia
(0,001) (Table 5).

There were no significant differ-
ences between two observed groups
in postoperative kidney insufficiency
with indicated hemodialysis, stroke,
reinfarction, indication for re-explora-
tion, used blood and blood products and
quantity of used inotropes.

5. DISCUSSION

During the past few years, it has be-
come evident that the metabolic con-
trol is very important for postoperative
outcomes for all surgical patients. The
current findings suggest that a small
increase in blood glucose may jeopar-
dize the patients (diabetics and non di-
abetics) with cardio surgery operations,
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Chart 3. Glucose values in the first 24 postoperative hours

leading to a number of postoperative
complications, although precise figures
of insulin therapy, the desired level of
glucose, and duration of therapy have
not yet been precisely determined.

Aswe confirmed in our study, Fan Y
et alin a study with 2113 adult cardiac
surgery patients, proved that the GIK
group had a significantly better value
of CI. (1) Howell NJ et al. showed the
same results in their study concerning
CI(2). Study of Quinn et al. showed that
GIK solution increased CI, decreased
systemic vascular resistance, the num-
ber of episodes of low cardiac output
(3) and same results had De Barcellos
CS study (4).

In our study we have a significant
difference in the duration of MV be-
tween the two studied groups. Gandhi
GY study showed the correlation be-
tween hyperglycemia as an independent
risk factor for the extended use of MV.
(5) Hermans G. study proved that the
patients who were on intensive treat-
ment with insulin had a shorter dura-
tion of MV (6). NICE-SUGAR study and
De Barcellos CS study failed to dem-
onstrate a significant difference be-
tween the group in duration of MV.(7)
The atrial fibrillation is an undesirable
postoperative complication that dis-
turbs normal hemodynamics. Intraop-
erative use of GIK solution in our study
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gave a significant reduction of AF in
GIK group as well as Gandhi GY pre-
sented in his study (8). Rabi D and De
Barcellos CS studies showed that there
was no difference in the occurrence of
ventricular and supraventricular ar-
rhythmias between the groups. (9,4)
Many authors and their studies sug-
gested a positive effect of the GIK so-
lution usage due to prevention of post-
operative rhythm disturbances, espe-
cially AF such as Furnary AP, Kirdemir
P, Haga KK (10, 11).

Normal value of potassium is nec-
essary to preserve the rhythm and thus
hemodynamics. Occurrence of either
hypokalemia or hyperkalemia, espe-
cially in the early postoperative recov-
ery, can lead to fatal complications—hy-
pokalemia to malignant arrhythmias
and hyperkalemia to cardiac arrest. In
our study, potassium values were sta-
ble in GIK group compare with the non
GIK group, therefore the study group
had less rhythm disturbance and stable
hemodynamics. Rabi D and De Barcel-
los CS studies confirmed the same re-
sults as our study (4).

Only 6 studies, of 20 analyzed,
yielded data on the potassium trend,
and from 6 studies, only one provided
data on hyperkalemia appearance (12).

According to the currently pre-
sented data, it is unclear what should be
the “ideal” glycemia control in diabetic
patients with a cardiac bypass surgery?
Diabetic patients have increased mor-
bidity and mortality after CABG. Sur-
gical, anesthetic studies and studies on
patients treated in intensive care units,
testify in favor of well-controlled glyce-
mia. This is especially important for di-
abetics who than have better postopera-
tive recovery (13). In our study, we used
arterial blood to measure glycemia.
Guided by previous published studies,
works and published meta-analysis, we
decided to use not strict glycemic con-
trol (6.5-10 mmol/l). In our study we
found statistically significant differ-
ence in insulin consumption between
groups (p 0.001) in order to achieve de-
sired glycemia. Insulin is more used in
the non GIK group.

Prior to the year 2001, due to the
lack of data about the benefits of strict
glycemic control, not enough attention
was paid to the existence of hyperglyce-
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mia in the intensive care unit. Then, a
lot of studies about this topic were pub-
lished, Van den Berghe G 2001, 2006
and 2009, Arabi YM, 2008, Brunkhort
FM 2008, De la Rosa GDC 2008, Prei-
ser JC 2009 (14, 15). The conclusions of
the following studies: SICU and MICU
van den Berghe G, DIGAMI, CREATE-
ECLA, DIGAMI 2, GIS, VISEP, Glucon-
trol Study, NICE-SUGAR, consider the
current acceptance of universal guides
or recommendations on the desired
normoglycemia premature. They pro-
pose that each unit of intensive care de-
fines their own framework for glycemic
therapy and that this process should be
crated due to existing economic and or-
ganizational resources (16). Standard-
ization is something that is mandatory.
The desired glycemia must be based on
data and realistic for each individual in-
stitution. Requires constant monitoring
of outcomes and success in achieving
the desired glycemia, and continuing
education of health care workers and
correction protocols. Some of the pro-
tocols are efficient, but still so far there
are no published randomized clinical
studies that prove “the best protocol”
17, 18).

Since it is not exactly determined
the optimal glycemia and the exact pro-
tocol, it is advisable to stick to the old
postulates “first, do no harm” (19).

6. CONCLUSION

Intraoperative GIK solution given
to diabetic patients with CABG gives
more stable CI, shorter time of MV,
more stable values of potassium which
provides normal heart rhythm, less AF
onset, and less additional insulin con-
sumption in order to achieve desirable
glycemia. All mentioned above provides
more stable intraoperative hemody-
namic and better recovery of diabetic
patients after coronary artery bypass
operation.
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