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ABSTRACT

Background: Cardiopulmonary bypass (CPB) remains an
essential element of the surgical correction of most major
cardiovascular lesions. CPB is complicated by multisystem injury, the
mechanisms of which include ischemia—reperfusion injury (IRI) and a
detrimental systemic inflammatory response. Cardiac, pulmonary and
neuronal injury and dysfunction remain important clinical problems
after CPB.

Aim of the study: The aim of this study was to compare and
evaluate the effectiveness of remote ischemic preconditioning and
pharmacological preconditioning in reducing cardiac injury induced
by cardiopulmonary bypass in adult patients undergoing major aortic
surgeries.

Patients and Methods: This study included (42) patients, divided
into two groups 21 patients each, Group R: Remote Ischemic
Preconditioning (cycles of ischemia and reperfusion of lower limb
using blood pressure cuff) and Group P: pharmacological
preconditioning (administration of sevoflurane and dexmedeto-
midine).

Results: The current studyshowed postoperative lower elevation
in CK total enzyme, CK MB enzyme and troponin I enzyme and
decreased inotropic support(adrenaline infusion) requirements post-
operatively along with shorter duration of postoperative intubation
and postoperative ICU stay in group Pcompared to group R.

Conclusion: Pharmacological preconditioning using sevoflurane
and dexmedetomidine hasmyocardial protective effect after CPB in
adult patients undergoing major aortic surgeries more than remote
ischemic preconditioning as reflected by lower elevation in CK total
enzyme, CK MB enzyme and troponin I enzyme and decreased
inotropic support (adrenaline infusion) requirements postoperatively
along with shorter duration of both postoperative intubation and
postoperative ICU stay.

Keywords: cardiopulmonary bypass, ischemia-reperfusion injury,
remote ischemic preconditioning, pharmacological preconditioning.
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Remote ischemic preconditioning is a
physiologic mechanism in mammalian
species whereby brief exposure to nonlethal
ischemia in one tissue confers protection
against a prolonged ischemic insult in a
distant tissue. Several clinical trials reported
that remote ischemic preconditioning redu-
ces myocardial injury after major cardio-
vascular surgery. Remote ischemic pre-
conditioning is easily performed and likely
to prove highly cost-effective. Large-scale
trialsof the technique are warranted in
patients  undergoing  major  vascular
surgery®.

Preconditioning by sevoflurane is a
pharmacological alternative to ischemic
preconditioning(IPC). Patients who received
sevoflurane for anesthesia during cardiac
surgery had decreased postoperative
mortality, less myocardial infarction and

shorter length of hospital stay®.

Moreover, dexmedetomidine as a
pharmacological preconditioning medication
showed cardioprotective properties when
administered prior to ischemia-reperfusion
events (dexmedetomidine pre-conditioning). It
acts as a selective o2-adrenoceptor agonist and
offers good perioperative hemodynamic
stability, reduced intraoperative anesthetic
requirements and has proven anti-
inflammatory effects. Perio-perative
dexmedetomidine use is associated with
decreased postoperative mortality for up to 1
year, with  decreased incidence of
postoperative complications and delirium in

patients undergoing cardiac surgery.

AIM OF THE WORK:

The aim of this work was to compare

remote ischemic preconditioning and
pharmacological preconditioning in
reducing cardiac injury induced by

cardiopulmonary bypass in adult patients
undergoing major aortic surgeries.

PATIENTS AND METHODS:

This randomized (sealed envelope)
comparative prospective study has been
carried out in Ain Shams University
Hospitals between September 2017 and
September 2019 after approval of Research
Ethics Committee (REC) at Ain Shams
University and written informed consent
from all the patients.

Eligibility of patients for the study
included age ranging from 40 to 70 years of
both sexes who underwent major aortic
surgery that needed cardiopulmonary by-
pass, and  American  Society  of
Anaesthesiologists (ASA) physical status of
[I-I1I.

Exclusion criteria:

Patients with the following criteria were
excluded from the study: a previous unusual
response to an anaesthetic, redo open heart
surgeries, emergency surgeries, severe
cardiac dysrhythmias, recent MI, valve
insufficiency, ejection fraction below 30%,
advanced accompanying diseases such as
hepatic, renal, airway and parenchymal lung
diseases, cross-clamp time > 120 minutes
and CPB time > 90 minutes, mortality at any
step all over the study.

Study procedure:

Preoperatively, history and clinical
examination were performed and evaluated
for all patients. Also, routine investigations
including complete blood count (CBC),
random blood sugar (RBS), liver function
test (LFT), kidney function test (KFT),
prothrombin time (PT) and partial
thromboplastin time (PTT) were done and
evaluated for all patients.

At induction, an intravenous (IV)
cannula was inserted, patient monitoring
which consisted of  five leads
electrocardiogram (ECG), pulse oximetry,
capnography, right internal jugular vein
catheterization under adequate lidocaine
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subcutaneous anaesthesia, Invasive arterial
blood pressure monitoring. Temperature was
monitored via oesophageal probe after
induction of anaesthesia.

Anaesthesia was uniformly induced by
[.V. Midazolam 0.05 mg/kg and Fentanyl 5-
10 pg/kg. Endotracheal intubation was
facilitated by cisatracurium at dose of 0.2
mg/kg and maintained with total intravenous
anaesthetics (TIVA) administration of
propofol, fentanyl and cisatracurium. The
lungs were mechanically ventilated with an
inspired oxygen fraction 100%, with tidal
volume and respiratory rate adjusted to
maintain end tidal carbon dioxide
concentration of 32-35 mmHg.

Remote ischemic preconditioning was
done after sternotomy by four cycles (5 mins
of right lower limb ischemia and 5 mins
reperfusion) using blood pressure cuff
inflated to a pressure 15 mmHg greater than
systolic arterial blood pressure in the lower
limb. Five to ten minutes were allowed to be
the interval between completion of remote
ischemic  preconditioning cycles and
initiation of bypass.

Pharmacological preconditioning was
done after sternotomy by intermittent
application of sevoflurane (two periods of
sevoflurane application each lasting 5
minutes interspersed by 5 minutes washout
on the basis of a previously published
protocol for interrupted administration of
sevoflurane for myocardial precondit-
ioning)®. Sevoflurane was administered
with high fresh gas flow 10 I/min. After an
end tidal concentration of 2 MAC was
reached, fresh gas flow was reduced to 4
l/min. After 5 minutes sevoflurane was
washed out by discontinuation of
sevoflurane and increasing the fresh gas
flow to 10 l/min to achieve a MAC value
below 0.2. After 5 minutes this process was

repeated for another time.Also,
dexmedetomidine as a pharmacological
preconditioning medication was

administered as loading dose 1pg/kg over 10

minutes and maintenance dose 0.2 to 0.7
ng/kg/hr five to ten minutes before initiation
of bypass till the end of the operation.

All patients were operated upon through
a standard midline sternotomy by the same
team of surgeons. Anticoagulation was done
through administration of heparin (3mg/kg
I.V.), before aortic cannulation, to achieve
Activated Coagulation Time (ACT) longer
than 450 sec or 3 times the control ACT.
Immediately after placement of the aortic
cross-clamp, diastolic arrest was achieved
using antegrade, cold blood cardioplegia
(ratio of blood to cardioplegia 4:1).
Cardioplegia was given in a volume of 7 to
10 ml/kg for the initial arresting dose, with
subsequent doses of 2.5 to 5 ml/kg given at
35-minute intervals throughout the cross-
clamp period. Surgery was conducted under
conditions of tepid CPB (patient esophageal
temperature of 32°C-35°C) wusing a
nonpulsatile flow rate of 2 L/min/m” and a
membrane oxygenator. Mean arterial blood
pressure was maintained between 55 and 75
mm Hg during CPB.

At the conclusion of the surgical
procedure, reperfusion of the heart was
performed on an individual basis according
to the protocol of weaning from CPB e.g.,
normal ABG, normal serum electrolytes,
rewarming of the patient. 1 to 1.2 mg of
protamine sulphate was needed to reverse
each 1 mg of heparin after coming off
bypass. The chest was then closed in routine
fashion once meticulous haemostasis is
achieved.

All patients were admitted to the
intensive care unit for further management.
Standard postoperative monitoring was
performed through five leads
electrocardiogram (ECG) with ST segment
analysis, pulse oximetry, invasive blood
pressure monitoring, central venous pressure
(CVP) monitoring, urine output, core and
skin temperature probes, with serial follow
up of arterial blood gases (ABG). Decisions
regarding inotropic support, airway and
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ventilator management were based on
hemodynamic status, arterial blood pressure
not responding to volume after a CVP of 15
mmHg and clinical judgment. Postoperative
Inotropic therapy was standardized to treat a
mean radial arterial blood pressure <60 mm
Hg, despite optimization of preload,
afterload, and heart rate. The patients were
extubated when they were able to sustain
adequate  spontaneous respiration and
required minimal oxygen support, as
reflected by normal arterial blood gas levels.
The patients were then discharged from ICU
when they were hemodynamically stable
with blood gas variables within normal
range without the need of inotropic or
oxygen support.

Measurements:

Cardiac enzymes indicating cardiac
ischemia and injury induced by CPB were

the primary outcome of the study.
Measurements of CK total enzyme, CK MB
enzyme, cardiac specific troponin I enzyme
and inotropic support (adrenaline infusion)
requirements were recorded before bypass
and were repeated 3, 6, 12, and 24 hours
after bypass. Also, duration of postoperative
intubation (hours) and postoperative ICU
stay (days) were recorded.

Statistical Analysis:

Statistical Package for Social Sciences
(SPSS) 20 was used for analyzing the
results. Data were expressed as mean = SD
and were compared using unpaired Student
t-test. Chi square was used for comparing
qualitative data. A value of P < 0.05 was
considered statistically significant.

RESULTS
Table 1: Demographic Data
Group R (n=21) Group P (n=21) P-value
Sex (M/F) 12/9 10/11 0.783
(57% /43%) (48% / 52%)
Age (years) 55.14+£9.46 55.9+845 0.785
ASA (1I/II1) 11/10 12/9 0.987
11=52%, 111=48% 11=57%, 111I=43%
Thoracic aortic aneurysm 9 (43%) 8 (38%) 0.808
repair surgery
Bentall procedure 12 (57%) 13 (62%) 0.841

Data are presented as mean + SD, ratio of patients (%). P-value > 0.05 is considered

statistically non-significant.

Table 1: shows that there was no
statistically significant difference between
the study groups regarding age, sex, ASA
status and type of surgery.

Cardiac enzymes including CK total,

CK MB and cardiac specific troponin [ were
measured in the study groups at five-time
intervals: after induction of general
anaesthesia (before CPB), 3 hrs., 6 hrs., 12
hrs. and 24 hrs. after CPB respectively.
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Table 2: CK total enzyme (units/L)

Group R (n=21) Group P (n=21) P-value
After induction of GA 71.761 +£10.922 77.761 + 8.859 0.057
3h 83.523 +8.459 76.380 +7.927 0.007*
6h 199.761 £ 30.771 183.714 £ 16.520 0.041*
12h 180.761 + 13.692 150.619 + 18.596 <0.000T*
24 h 160.380 + 32.794 153.571 +22.885 0.439

Data are presented as mean + SD. *P-value < 0.05 is considered statistically significant.
GA (general anaesthesia).

difference between both groups at 3 hours, 6

As shown in table 2, levels of CK total hours and 12 hours post CPB.

enzyme revealed statistically significant

Table 3: CK MB enzyme (units/L)

Group R (n=21) Group P (n=21) P-value

After induction of GA 28.809 + 16.684 22.809 £ 11.813 0.186
3h 39.476 + 26.820 35.952 £ 25.987 0.667

6h 81.190 + 10.980 63.190 + 24.689 0.004*

12h 57.571 £25.519 40.714 £ 18.003 0.017*

24 h 47+£19.018 37.904 + 20.486 0.143

Data are presented as mean + SD. *P-value < 0.05 is considered statistically significant.
GA (general anesthesia).

difference between both groups at 6 hours

Table 3 shows that levels of CK MB and 12 hours post CPB.

enzyme have statistically  significant

Table 4: Troponin I enzyme (ng/ml)

Group R (n=21) Group P (n=21) P-value
After induction of GA 0.018+0.016 0.019+0.012 0.819
3h 5.265+1.682 1.603 +0.048 <0.0001*
6h 7.081 £+ 1.947 3.737 £ 0.596 <0.0001*
12h 13.07 + 3.806 4.244 +£0.533 <0.0001*
24 h 10.114 £3.092 2.436 +0.049 <0.0001*

Data are presented as mean + SD. *P-value < 0.05 is considered statistically significant.
GA (general anesthesia).

Levels of cardiac specific troponin I group R as compared with group P all over

enzyme at 3 hours, 6 hours, 12 hours and 24 the qudly . pen od, 1n1§1 icating  lesser
hours post CPB were significantly higher in myocardial injury m group &
Table 5: Inotropic support (adrenaline infusion) requirements (ng/kg/min)
Group R (n=21) Group P (n=21) P-value
After induction of GA 0 0 inv
3h 89.714 +1.383 74.428 +1.287 <0.0001*
6h 109.333 +£2.287 74.952 + 1.465 <0.0001*
12h 71.619 +2.801 64.38 +£1.909 <0.0001*
24 h 67.857 +1.236 59.476 + 1.249 <0.0001*

Data are presented as mean + SD. *P-value < 0.05 is considered statistically significant. GA

(general anesthesia).
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Regarding inotropic support (adrenaline
infusion) requirements in both groups, they

were significantly higher in group R as
compared with group P all over the study.

Table 6: Length of postoperative intubation (hours) and postoperative ICU stay (days)

Group R (n=21) Group P (n=21) P-value
Length of postoperative 60.38 £15.011 29.19+9.217 <0.0001*
intubation (hours)
Length of postoperative ICU stay 7.285+2.239 2.904 + 1.894 <0.0001*
(days)

Data are presented as mean + SD. *P-value < 0.05 is considered statistically significant.

Regarding length of postoperative
intubation and postoperative ICU stay, there
was highly statistically significant difference
between both groups as revealed in table 6.

DISCUSSION:

The current study showed that for
patients undergoing major aortic surgeries,
there was statistically significant differences
between both groups regarding cardiac
enzymes (CK total, CK-MB and trop I),
inotropic support, length of postoperative
intubation and postoperative ICU stay which
were much higher in group R than group P.

Regarding CK total enzyme, the current
study revealed that there was statistically
significant elevation in levels of CK total
enzyme in group R at 3, 6 and 12 hours post
CPB in comparison to group P. Also, as
regards CK-MB enzyme, there was
statistically significant difference between
both groups at 6 and 12 hours post CPB which
was higher in group R than group P.

To our knowledge, there is no studies
which assessed or compared RIPC versus
pharmacological preconditioning via
sevoflurane and dexmedetomidine in adult
patients undergoing major aortic surgeries.
Also, there is a wide range of surgical
procedures with different techniques of
preconditioning.

As regards RIPC, a study which was
conducted by lliodromitis and his colleagues
in (2006) showed that there was no
statistically significant difference regarding
CK total enzyme levels in RIPC group as
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compared with control group (no
intervention) in  patients  undergoing
percutaneous coronary intervention (PCI)®.

Another study conducted by Gunaydin
et al. in (2000) comparing RIPC group with
control group (no intervention) and showed
that levels of CK total enzyme tended to
increase throughout the study but without
significant difference between both groups
in patients undergoing coronary artery
surgery. Also, they showed that levels of
CK-MB enzyme had no significant
difference between both groups .

Also, Lomivorotov and his colleagues in
(2012) conducted a study on patients
undergoing CABG surgery and divided them
into two groups; RIPC group and control
group (deflated cuff placed on the right
upper arm for 30 minutes). They found that
there was no statistically significant
difference in CK-MB enzyme levels
between both groups before CPB and at 6
and 24 hours post CPB .

Another study which was conducted by
Karuppasamy et al. in (2011) on patients
undergoing CABG surgery dividing them
into RIPC group and control group (placebo
without cuff inflation). They revealed that
there was no statistically significant
difference between both groups regarding
CK-MB levels before CPB and at 6, 12 and
24 hours post CPB®.

On the contrary, Ali and his colleagues
in (2010) conducted a study on patients
undergoing CABG surgery dividing them
into RIPC group and control group (were not
subjected to limb ischemia). They found that
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levels of CK-MB enzyme were significantly
lower in RIPC group in comparison with
control group at 8, 16 and 24 hours after
surgery 17,

Regarding sevoflurane preconditioning,
in the work of Soliman and Abukhudair in
(2017) comparing sevoflurane and isoflurane
administration in patients undergoing CABG
surgery, they found that CK-MB enzyme
levels were not significantly different
between both groups before CPB. However,
their levels increased in both groups after
CPB with marked elevation in isoflurane
group through the first 24 hours
postoperative V.

Also, in the work of Bein and his
colleagues in (2008), they revealed that
interrupted administration of sevoflurane
had lower levels of CK-MB enzyme at 24
hours postoperatively than both propofol
only group and continuous sevoflurane
administration group in patients undergoing
CABG surgery "2,

On the other hand, in the work of Julier
and his colleagues in (2003), they conducted
a study on patients scheduled for CABG
surgery and they were randomly assigned to
preconditioning ~ with  either  placebo
(oxygen-air mixture only) or 2 MAC of
sevoflurane as an inhalational anesthetic.
They revealed that a  significant
postoperative increase in CK total enzyme
levels was observed in both groups;
however, there was no statistically
significant difference between them. Also,
they found that there was no statistically
significant difference regarding CK-MB
enzyme levels between sevoflurane and
placebo group ¥,

Frassdorf and his colleagues in (2009)
compared CK total enzyme levels between 3
groups; sevoflurane I group (1 MAC for 5
minutes), sevoflurane II group (2 times of 1
MAC for 5 minutes interspersed by 5
minutes washout) and control group (total
intravenous anesthesia with sufentanil and

propofol only) in patients undergoing CABG
surgery and they found that there was no
statistically significant difference between
the three groups. Also, they found that there
was no statistically significant difference
between sevoflurane groups and control

group regarding CK-MB enzyme levels ©.

The difference between the results of
the previous two studies and the current
study may be due to the different type of
surgery and the use of a single agent as
pharmacological preconditioning.

As regards dexmedetomidine pre-
conditioning, Ren et al. in (2013) revealed
that dexmedetomidine administration in
patients undergoing off pump CABG
surgery can reduce CK-MB enzyme levels
significantly as compared to control group
(administration of physiological saline)
immediately after surgery and at 12 hours
postoperatively!'?.

Regarding troponin I enzyme, its levels
at 3 hours, 6 hours, 12 hours and 24 hours
post CPB were significantly higher in group
R as compared with group P all over the
study period, indicating lesser myocardial
injury in group P. Also, the current study
revealed that group R had higher levels of
inotropic  support (adrenaline infusion)
requirements than group P all over the study.

As regards RIPC, in the work of
Lomivorotov and his colleagues in (2012)
comparing RIPC against control group
showed that troponin I  enzyme
concentrations peaked at 6 hours post CPB
in both groups without significant difference

at any time point between both groups ©.

Another study conducted by
Karuppasamy et al. in (2011) revealed that
there was no statistically significant
difference  in  troponin I  enzyme
concentration between RIPC and control
groups. They also found that inotropic
support requirements were the same in RIPC

and control groups®.
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Furthermore, @ Rahman and  his
colleagues in (2010) revealed that RIPC in
patients undergoing CABG surgery did not
reduce inotropic support and vasoconstrictor
requirements as compared with control
group'.

Regarding pharmacological precondit-
io-ng with sevoflurane and dexmedetomi-
dine in the work of Zhou et al. in (2019),
they found that combined administration of
dexmedetomidine with sevoflurane
remarkably lowered troponin [ enzyme
levels at 6, 12, and 24 hours postoperatively
as compared to sevoflurane only group in
patients  undergoing  cardiac  valve
replacement surgeries '.

As regards sevoflurane preconditioning
in the work of Frassdorf et al. in (2009),
they revealed that administration of
sevoflurane for 5 minutes twice interrupted
by 5 nminutes washout can reduce
significantly myocardial injury measured by
troponin I enzyme (peak level 7 = 2 ng/ml)
as compared with controls ©.

Also, Soliman and Abukhudair in
(2017) found that there was significant
difference  in  troponin I  enzyme
concentrations between sevoflurane and
isoflurane groups postoperatively, which
were higher in isoflurane group. They also
revealed that preconditioning  using
sevoflurane can reduce inotropic support
requirements as compared with isoflurane
preconditioning ',

On the contrary to the previous studies,
Piriou and his colleagues in (2007) found
that there was no statistically significant
difference as regards troponin I enzyme
concentrations between sevoflurane
preconditioning and control groups (no
intervention) throughout the study in
patients  undergoing CABG  surgery.
Moreover, they revealed that inotropic
support requirements did not differ
significantly in sevoflurane group in
comparison to control groups''”.
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Also, Soro and his colleagues in (2012)
revealed that there was no statistically
significant difference between propofol and
sevoflurane groups regarding concentrations
of troponin I enzyme in patients undergoing
CABG surgery. Furthermore, they showed
that there was no statistically significant

difference regarding inotropic support
requirements between sevoflurane and
propofol groups"®.

The difference between the results of
the previous two studies and the current
study could be due to the different type of
surgery, the use of a different technique for
sevoflurane preconditioning (I MAC of
sevoflurane for 15 minutes followed by 15
mins washout in Piriou et al., 2007"'"and
continuous sevoflurane inhalation in Soro et
al., 2012"® and the use of a single agent as
pharmacological preconditioning.

For dexmedetomidine preconditioning,
Ren and his colleagues in (2013) found that
administration of dexmedetomidine could
decrease troponin I enzyme levels
significantly as compared with control group
immediately postoperatively and at 12 hours
postoperatively. Moreover, they found that
dexmedetomidine administration can reduce
inotropic support requirements significantly
in comparison to control group .

Another study conducted by Soliman
and Zohry in (2016) showed that
dexmedetomidine administration in high risk
patients undergoing aortic vascular surgery
could reduce troponin I enzyme levels at 12
and 24 hours postoperatively in comparison
with control group (equal volume of normal
saline). Furthermore, they showed that
inotropic support was required in control
group more than dexmedetomidine group!”.

The present study showed that group R
had statistically significant longer duration
of both postoperative intubation and
postoperative ICU stay than group P.

As regards RIPC, Lomivorotov et al. in
(2012) found that there was no statistically
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significant difference between RIPC and
control groups as regards duration of both
postoperative intubation and postoperative
ICU stay ®

Also, Karuppasamy and his colleagues
in (2011) revealed that duration of both
postoperative intubation and postoperative
ICU stay were not statistically significant
different between RIPC and control

groups?”.

Regarding sevoflurane preconditioning,
Soliman and Abukhudair in (2017) revealed
that sevoflurane preconditioning could
shorten the duration of postoperative ICU
stay in comparison with isoflurane group an

On the contrary to the previous study,
Soro and his colleagues in (2012) revealed
that sevoflurane preconditioning did not
differ in duration of postoperative ICU stay

in comparison with propofol preconditioning
a7

The results of the previous study were
different from the current study due to the
different type of surgery, the use of a
different  technique  for  sevoflurane
preconditioning  (continuous sevoflurane
inhalation) and the use of a single agent as a
pharmacological preconditioning.

For dexmedetomidine preconditioning,
Ren et al in (2013) showed that
dexmedetomidine  administration  could
shorten the duration of both postoperative
intubation and postoperative ICU stay as
compared with control group .

Conclusion:

The results demonstrate that
pharmacological  preconditioning  using
sevoflurane and dexmedetomidine has

myocardial protective effect after CPB in

adult patients undergoing major aortic
surgeries more than remote ischemic
preconditioning as reflected by lower

elevation in CK total enzyme, CK MB
enzyme and troponin [ enzyme and
decreased inotropic support (adrenaline)

requirements postoperatively along with
shorter duration of both postoperative

intubation and postoperative ICU stay.
Based on this study, pharmacological
preconditioning using sevoflurane and

dexmedetomidine is recommended for
myocardial protection after CPB in adult
patients undergoing major aortic surgeries.

Recommendations:

We recommend performing this study
on ischemic cardiac patients scheduled for
coronary artery bypass grafting (CABG) to
precisely assess the effect of preconditioning
on ischemic myocardium in both groups,
taking in consideration the limitations of the
current study.
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