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Introduction

In patients undergoing off-pump coronary artery bypass surgery (OPCAB), the primary goal of anaesthesiologists is to 
provide maximal myocardial protection while ensuring a safe anaesthesia induction and administration without benefit-
ing from the protective effects of hypothermia and without the pump support (1, 2). Especially in hypertensive patients, 

providing a haemodynamic stability sufficient enough to protect coronary perfusion is one of the goals. The use of short-act-
ing and easily titratable agents in fast-track anaesthesia is more suitable for early extubation. For this purpose, low-dose 
fentanyl or short-acting opioids such as remifentanil and sufentanil are used in various combinations (3). Remifentanil is 
the first ultra-short acting opioid that can be titrated rapidly at various surgical stimulations. It provides deep intraoperative 
analgesia and haemodynamic stability, as well as early extubation and recovery (4). Desflurane, which is an inhalation anaes-
thetic, with a low blood–gas solubility provides a fast response time and a fast wake-up time. This low solubility allows an 
easy adjustment of the depth of anaesthesia and a better haemodynamic stability during operation. Desflurane–remifentanil 
anaesthesia is now the fastest anaesthetic combination that provides the fastest recovery (5, 6).

The bispectral index (BIS) monitoring allows to titrate the hypnotic component of anaesthesia, reduce unnecessary drug 
consumption, improve recovery and reduce unwanted side effects such as haemodynamic instability (7). 

In this study, the primary goal was to investigate the effects of desflurane–remifentanil anaesthesia under the guidance of 
BIS on the intraoperative haemodynamics among two groups of normotensive and hypertensive patients who underwent 
OPCAB surgery. Patients’ extubation time, intensive care and hospital stay duration, and postoperative complications were 
evaluated as secondary goals.

Objective: In this study, our aim was to investigate the efficacy and sufficiency of bispectral indeks (BIS) guided remifentanil-desflurane anaesthesia 
on intraoperative haemodynamic stability in both normotensive and hypertensive patients undergoing off-pump coronary artery bypass surgery.
Methods: Thirty adult, ASA I–III patients undergoing elective off-pump coronary surgery were included in the study. According to the presence of 
essential hypertension preoperatively, patients were divided into two groups. Haemodynamic parameters were recorded at 11 time points during the 
operation.
Results: There were no differences in the demographic data, heart rate and intraoperative and postoperative parameters between the groups. Arterial 
blood pressure and additional requirement of remifentanil were found to be significantly higher in the hypertensive group intraoperatively.
Conclusion: In patients undergoing off-pump coronary revascularisation surgery, intraoperative haemodynamic stabilisation with remifentanil–des-
flurane anaesthesia under BIS guidance was safely provided, but higher remifentanil doses were required in hypertensive patients.
Keywords: Desflurane, remifentanil, fast-track anaesthesia, off-pumpcardiac surgery, off-pump coronary revascularisation, hypertension, haemody-
namic stabilisation, anaesthesia

 A
bs

tr
ac

t   

https://orcid.org/0000-0001-5454-9742
https://orcid.org/0000-0002-0067-6938
https://orcid.org/0000-0001-6057-723X
https://orcid.org/0000-0003-3053-0443
https://orcid.org/0000-0002-4010-5347
https://orcid.org/0000-0002-8265-9903


Methods

Selection of patients
This study included 30 adult patients classified as Groups II 
and III according to the American Society of Anesthesiolo-
gists, who would undergo elective OPCAB surgeries, hav-
ing obtained an approval from the Yuksek Ihtisas Training 
and Research Hospital Ethics Committee (222 no., 14 May 
2009) and the written consents of the patients. Patients with 
an active neurological disease, active or previous cerebrovas-
cular disease, with ejection fraction (EF) <40% and arrhyth-
mia, patients in whom a preoperative inotropic agent and 
intra-aortic balloon pump were used, those who underwent a 
valve replacement or other surgical procedures, and those sus-
ceptible to opioids were excluded. Patients were divided into 
two groups of 15 patients according whether they were diag-
nosed with primary essential hypertension and whether they 
were receiving treatment: Group N (normotensive patients) 
and Group H (hypertensive patients). Patients who met the 
conditions were included in the study. All the patients were 
evaluated the day before the operation, and they were in-
formed about the study and the anaesthetic techniques to be 
applied, and their approval was obtained. The age, gender, 
body mass index (BMI), EF, Euroscore value, chronic diseases 
and medications were recorded preoperatively. As premedica-
tion, 5-10 mg oral diazepam was given the night before sur-
gery and 0.1 mg intramuscular morphine HCl was applied 
30 minutes before induction.

Monitoring
Routine monitoring of the patients (electrocardiography, 
pulse oximeter, noninvasive arterial blood pressure) was per-
formed before the induction of anaesthesia in the operation 
theatre. Two peripheral venous accesses were established (18 
and 16 gauge), and invasive arterial blood pressure monitor-
ing was initiated by performing radial artery cannulation. 
Following endotracheal intubation, a nasopharyngeal probe 
was inserted to monitor the body temperature, and internal 
jugular venous cannulation was applied to monitor the cen-
tral venous pressure. Each patient was monitored with BIS, 
as well as routine cardiac surgery anaesthesia monitoring. For 
bispectral index monitoring, a BIS module (BIS, Inc. S/5 
monitor module, Datex-Ohmeda Madison, WI, USA) and 
a BIS sensor (BIStm Quatro, Aspect Medical Systems, Inc., 
Newton, MA USA) were used. For BIS monitoring, the fore-
head and temple skin were cleaned with an alcohol buffer and 
dabbed. The electrode no. 1 was placed on the patient`s fore-
head approximately 5 cm above the nose bridge, the electrode 
no. 3 was placed on the left temporal region in the middle 
of the eye corner and the hair line, the electrode no. 4 was 
placed right above the eyebrow, and the electrode no. 2 was 
placed between the electrodes no. 1 and no. 4. By applying 
pressure to the electrodes for 5–10 seconds, it was observed 
on the monitor that the impedance of all the electrodes was 
below 5000 Ohm in the impedance test.

Anaesthesia application
Patients were hydrated with isotonic saline solution (5 mL 
kg−1) prior to the anaesthesia induction. Following 3 minutes 
of preoxygenation and induction of anaesthesia, a 4-minute 
infusion of remifentanil (2.5 μg kg−1) with midazolam (0.1 
mg kg−1) was administered. Muscle relaxation was achieved 
with rocuronium (0.6 mg kg−1). When BIS was lower than 
60, the mechanical ventilation was initiated following the en-
dotracheal intubation.

All the patients were mechanically ventilated with a tidal vol-
ume of 7 mL kg−1 and a respiratory frequency set to keep 
EtCO2 levels between 35–40 mmHg. In both groups, an-
aesthesia administration was achieved with desflurane and 
remifentanil infusion (0.125 μg kg−1 min−1) in a mixture of 
oxygen/air (1 L/1 L) with a BIS value ranging between 30 
and 60. The concentration of the anaesthetic gases was mon-
itored with a Draeger Primus anaesthesia device (Draeger, 
Medizintechnik, Germany). As CO2 absorbent, soda lime 
(Sorbo-Lime, Berkum, Turkey) was used. As the anaesthetic 
gas concentration changed, the Primus device was used to re-
calculate the minimum alveolar concentration (MAC) taking 
the age adjustment, height verification and the calculation of 
the mixture of other gases into account. However, it could 
not calculate a condition that reduces the MAC, such as opi-
oid use. Since it is not possible to monitor all these variables 
instantaneously, the MAC values   were monitored and eval-
uated to give general information about the groups in this 
study. It was planned to increase the inspired concentration 
of desflurane by 1% during the operation when the BIS value 
approached 60 and the mean arterial pressure and heart rate 
increased. It was also planned that the inspired concentration 
of desflurane would be reduced by 1% when the BIS val-
ue approached 30 and the mean arterial pressure and heart 
rate decreased. To establish the targeted haemodynamic con-
ditions, desflurane inhalation and remifentanil infusion and 
bolus applications were performed by increasing and/or de-
creasing the desflurane percentage, while the flow rate was 2 
L min−1 based on the BIS value. Muscle relaxation was main-
tained with rocuronium (0.3 mg kg−1) applied at 30–45 min 
intervals. Compared to the values in the beginning, when the 
mean arterial pressure (MAP) and heart rate (HR) increased 
by 20% while BIS ranged between 30 and 60, without 
changing the infusion dose, 0.1 μg kg−1 of remifentanil in-
travenously was applied, and after 2 minutes, the values   were 
checked, and if the blood pressure kept increasing, a dose of 
0.1 μg kg−1 remifentanil intravenously was repeated. In case 
of high blood pressure values despite the increased desflurane 
concentration and remifentanil additions, administration of 
nitroglycerin was planned. When the BIS ranged between 30 
and 60, and the MAP and CAD decreased by 20% compared 
to the beginning, without changing the remifentanil infusion 
dose, the infusion of fluid was increased, and the values   were 
checked after 2 minutes. If the decrease continued, they were 
tried to be elevated by intravenous ephedrine (5 mg) appli-
cation. 
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Measurement periods and parameters
The mean systolic–diastolic arterial pressure, HR and BIS val-
ues were recorded before the induction of anaesthesia (T1); 
4 minutes after the induction of anaesthesia (T2); 3 minutes 
after the endotracheal intubation (T3); 3 minutes after skin 
incision (T4); 3 min after sternotomy (T5); during the left 
internal mammary artery dissection (T6); after systemic hep-
arinisation (T7); during coronary vascular anastomoses (T8); 
during haemostasis (T9); during the sternum closure (T10); 
and at the end of the operation (T11). 

Surgical method
All patients were subjected to the standard OPCAB cardiopul-
monary bypass (CPB) technique. Anticoagulation was provid-
ed with 100 IU kg−1 heparin with an activated clotting time of 
over 250 seconds before the onset of coronary vascular anasto-
moses. The number of coronary vascular anastomoses, dura-
tion and duration of surgery were recorded. At the end of the 
surgery, the patients were transferred to the intensive care unit.

Postoperative care process
During the first hour of intensive care, remifentanil dose was cut 
in half and the infusion continued. In addition, 20 mg intrave-
nous+1 mg kg−1 intramuscular tramadol was administered when 
the skin was closed. Tramadol was continued to be administered 
when required. Patients in vigilant and communicable status, 
whose muscle strength maintained, with the fraction of inspired 
oxygen of 40%, arterial partial pressure oxygen over 80 mmHg, 
arterial partial carbon dioxide pressure below 45 mmHg, stable 
haemodynamic and metabolic parameters, hourly drainage less 
than 50 mL per hour, and no tremor were extubated. The du-
ration of postoperative extubation, intensive care unit stay, chest 
tube drainages and hospital stay were recorded.

Statistical analysis
The Statistical Package for Social Science 15-packet pro-
gramme (SPSS Inc., Chicago, IL, USA) was used for data 
analysis. The compliance of distribution of the data with the 
normal distribution was examined with the Shapiro–Wilk 
test. The data obtained with descriptive statistical measure-
ments were shown as the mean±standard deviation, and for 
the nominal variables, the number of observations and per-
centage (%) were used. Student’s t test was used to determine 
whether the mean difference of the variables between the 
groups was statistically significant, and the significance of the 
difference of non-normally distributed continuous variables 
was investigated with the Mann–Whitney U test. Whether 
there was a statistically significant difference between recur-
rent measurements within the groups was assessed with the 
Friedman test if the number of repeated measurements was 
greater than two. When the Friedman test statistics outcome 
was significant, with the Wilcoxon Sign test, multiple com-
parisons were performed to determine the measurement times 
that caused the difference. The significance of the difference 
between the two measures was assessed by the dependent t 
test or the Wilcoxon Sign test when the number of recurrent 

measurements was two within the groups. Nominal variables 
were compared using the Pearson Chi-square or Fisher’s Full 
Result Probability test. For p<0.05, the results were consid-
ered to be statistically significant. In all possible intra-group 
and multiple comparisons, the Bonferroni correction was ap-
plied to control the Type I error.

Results

One patient was excluded due to hypotension and bradycar-
dia requiring an interruption of remifentanil infusion follow-
ing the induction of anaesthesia. A total of 30 patients were 
included in the study, 15 patients in each group. There were 
no statistically significant differences between the groups in 
terms of gender, age, additional disease, Euroscore values and 
the EF percentages. When the two groups were compared, 
the BMI measurements were significantly lower in the nor-
motensive group (p<0.001) (Table 1).
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Figure 1. Changes in the heart rate during the measurement 
periods in both groups
Measurement times: T1: before induction; T2: 4 minutes after induc-
tion; T3: 3 minutes after intubation; T4: 3 minutes after the skin inci-
sion; T5: 3 minutes after sternotomy; T6: the removal stage of the left 
internal mammary artery; T7: after heparinisation; T8: during anasto-
mosis; T9: during haemostasis; T10: the chest closure period; T11: the 
end of operation
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Table 1. Demographic characteristics of patients

 Group N Group H 
 (n=15) (n=15) 
 Normotensive Hypertensivesif p

Age (year) (Mean±SD) 55.46±13.21 59.60±9.88 0.340

Gender (F/M) 3/12 5/10 0.682

Body mass index  24.98±2.62* 31.80±5.18 0.000 
(Mean±SD)

Ejection fraction (%)  50.53±7.41 53±6.51 0.341 
(Mean±SD) 

Euroscore  3.53±2.16 4.53±1.30 0.116

Diabetes mellitus (%)  46.7 (n=7) 53.3 (n=8) 0.715

Chronic obstructive  0 (n=0) 20 (n=3) 0.224 
pulmonary disease (%)

Goitre (%) 6.7 (n=1) 6.7 (n=1) 1

*p<0.001: When the two groups were compared. SD: standard deviation



The HR during the patients’ intraoperative measurement periods 
did not differ between the groups (Figure 1). The MAP values 
in normotensive patients were found to be significantly lower 
3 minutes after the skin incision, 3 minutes after sternotomy, 
during the anastomosis and sternum closure periods (p<0.05; 
Figure 2). There was a statistically significant decrease during. 
The systolic arterial pressure values in normotensive patients were 
found to be significantly lower 4 minutes after the basal induc-
tion of anaesthesia, 3 minutes after the skin incision, 3 minutes 
after sternotomy, during the anastomosis and sternum closure 
periods (p<0.05; Figure 3). Diastolic arterial pressure values were 
significantly lower in normotensive patients 3 minutes after the 
skin incision and 3 minutes after sternotomy (p<0.05; Figure 4).

There was no statistically significant difference between the two 
groups in terms of the BIS and MAC values   (Figures. 5, 6). At-
tempts to manually change the desflurane concentration were 
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Figure 2. Changes in the mean arterial pressure during the me-
asurement periods in both groups
Measurement times: T1: before induction, T2: 4 minutes after induc-
tion, T3: 3 minutes after intubation, T4: 3 minutes after the skin inci-
sion, T5: 3 minutes after sternotomy, T6: the removal stage of the left 
internal mammary artery, T7: after heparinisation, T8: during anasto-
mosis, T9: during haemostasis, T10: the chest closure period, T11: the 
end of operation
+p<0.05: When the two groups were compared (according to the Bon-
ferroni correction, p<0.004 was considered statistically significant).
Intra-group significance compared to second measurement period
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Figure 4. Change of the diastolic arterial pressure during the measure-
ment periods in both groups
Measurement times: T1: before induction, T2: 4 minutes after induction, T3: 
3 minutes after intubation, T4: 3 minutes after the skin incision, T5: 3 minu-
tes after sternotomy, T6: the removal stage of the left internal mammary artery, 
T7: after heparinisation, T8: during anastomosis, T9: during haemostasis, 
T10: the chest closure period, T11: the end of operation
+p<0.05: When the two groups were compared (according to the Bonferroni 
correction, p<0.004 was considered statistically significant)
*(Group N), p<0.01: Intra-group significance compared to second measure-
ment period
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Figure 3. Changes in the systolic arterial pressure during the 
measurement periods in both groups
Measurement times: T1: before induction, T2: 4 minutes after induction, 
T3: 3 minutes after intubation, T4: 3 minutes after the skin incision, T5: 
3 minutes after sternotomy, T6: the removal stage of the left internal mam-
mary artery, T7: after heparinisation, T8: during anastomosis, T9: during 
haemostasis, T10: the chest closure period, T11: the end of operation
+p<0.05: When the two groups were compared (according to the Bonferroni 
correction, p<0.004 was considered statistically significant) 
Intra-group significance compared to second measurement period
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Figure 5. The change of the bispectral index values during the measu-
rement periods in both groups
Measurement times: T1: before induction, T2: 4 minutes after induction, T3: 3 
minutes after intubation, T4: 3 minutes after the skin incision, T5: 3 minutes after 
sternotomy, T6: the removal stage of the left internal mammary artery, T7: after 
heparinisation, T8: during anastomosis, T9: during haemostasis, T10: the chest clo-
sure period, T11: the end of operation
+p<0.05: When the two groups were compared (according to the Bonferroni corre-
ction, p<0.004 was considered significant) 
Intra-group significance compared to second measurement period
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Figure 6. Changes in the minimum alveolar concentration valu-
es during the measurement periods in both groups
Measurement times: T1: before induction, T2: 4 minutes after induction, 
T3: 3 minutes after intubation, T4: 3 minutes after the skin incision, T5: 
3 minutes after sternotomy, T6: the removal stage of the left internal mam-
mary artery, T7: after heparinisation, T8: during anastomosis, T9: during 
haemostasis, T10: the chest closure period, T11: the end of operation
+p<0.05: When the two groups were compared (according to the Bonferroni 
correction, p<0.004 was considered statistically significant)
Intra-group significance compared to second measurement period
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not recorded, but the MAC values   that indirectly reflected this 
were recorded. Although there was no significant difference, to 
provide the BIS value ranging between 30 and 60 in Group H, 
higher concentrations of desflurane were needed throughout 
the operation, and the corresponding MAC value to this con-
centration was higher compared to Group N. Additional drug 
requirements were recorded from the beginning of induction 
of anaesthesia until the completion of the operation. There was 
a significant difference between groups in terms of an addition-
al drug required during anastomosis. The amount of additional 
remifentanil applied in Group H was significantly higher than 
in Group N (Table 2). However, the nitroglycerin administra-

tion was not necessary in any patient. Ephedrine was adminis-
tered to 1 patient due to remifentanil-associated hypotension 
in the hypertensive group.

The left internal mammary artery and saphenous  vein were 
used as vascular grafts. The number and duration of anastomo-
ses were similar between the groups. Patients’ extubation times, 
the duration of intensive care and hospital stay, and postopera-
tive drainage amount did not differ significantly (Table 3). No 
blood or blood product transfusions were performed in any 
patient. The duration of extubation in Group H was longer 
than in Group N (192.7±195.1 min and 276±158.2 min), but 
this result was not statistically significant (p=0.116).

No difference was observed between the two groups in terms 
of complications in our study. The recorded side-effect profiles 
were typical for potent μ opioid receptor agonists. Nausea was 
observed in 7 patients in Group N and 5 patients in Group H. 
An improvement in nausea symptoms was observed in patients 
after the antiemetic treatment. Short-term ventricular ectopic 
pulses were observed in 1 patient in Group N and 2 patients in 
Group H in the first 6 hours postoperatively, and amiodarone 
was successfully administered. There was no difference in the 
amount of drainage between the groups.

Discussion

In this study, we found that in fast-track OPCAB surgical pro-
cedures, hypertensive patients with similar BIS values needed 
higher remifentanil and desflurane doses compared to nor-
motensive patients, and those selected anaesthetics were suf-
ficient to provide an intraoperative stable haemodynamic so 
that no patients needed nitroglycerin and/or beta-blockers. 
Because of the potential tachycardia caused by nitroglycerin 
and hypotension caused by beta-blockers, we had decided to 
use these agents as a secondary plan, but we observed that the 
ideal haemodynamic targets were achieved with the titration 
of the short-acting anaesthetic agents applied under the guid-
ance of BIS. Under the BIS guidance, the use of anaesthesia 
with desflurane–remifentanil, which was carefully adjusted 
to the arterial blood pressure and HR, provided the desired 
intraoperative stable haemodynamic even in hypertensive pa-
tients, and the patients’ early extubation in the postoperative 
period without any problems highlighted the importance of 
anaesthesia techniques and titration. Although the MAC val-
ue corresponding to desflurane concentration, which provides 
the appropriate intraoperative BIS value (30–60), was higher 
in Group H during surgery than in Group N, this result was 
not found to be statistically significant. When higher doses 
and concentrations of remifentanil were used, it was observed 
that the desflurane MAC decreased (8). In this case, it could 
have actually been expected that the desflurane concentration 
and the corresponding MAC value used in Group H, in which 
more remifentanil was used, would have been lower. Howev-
er, hypertension is one of the factors that increase MAC, and 
presumably for this reason despite the additional remifentanil 
application, we still needed a higher concentration of desflu-
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Table 3. Surgery, anastomosis, extubation, the length of 
the intensive care and hospital stay, and drainage amount

 Group N Group H 
 (n=15) (n=15) 
 (Mean±SD) (Mean±SD) p

Anastomosis duration (min) 22.93±17.03 19.80±14.77 0.436

Surgical time (min) 134.00±22.29 121.66±23.57 0.152

Extubation time (min) 192.66±195.12 276.00±158.18 0.116

Length of intensive  18.24±5.80 20.63±5.49 0.233 
care stay (hour)

Length of hospital  3.33±0.61 3.53±0.91 0.713 
stay (day)

Postoperative  875±290.16 800±267.26 0.486 
drainage (mL)

SD: standard deviation

Table 2. Number of patients requiring additional medication

 Group N Group H 
 (n=15) (n=15) p

4 minutes after induction 0 4 0.100

3 minutes after intubation 1 3 0.598

3 minutes after skin incision  0 1 1

3 minutes after sternotomy  0 3 0.224

LIMA period  0 1 1

After heparinisation  0 0 

During anastomosis  0 + 11 0.000

During haemostasis  0 0 

During sternum closure 0 0 

At the end of the operation  0 0 

+p<0.001: When the two groups were compared (according to the 
Bonferroni correction, p<0.004 was considered as statistically significant). 
In Group N, the ephedrine application in 1 patient at T3 was required 
due to hypotension; the ephedrine application in 1 patient in Group H 
during anastomosis was required due to hypotension induced by surgical 
manipulation. Other additionally required drugs were remifentanil (0.1 μg 
kg−1 IV push) due to hypertension. LIMA: Left internal mammary artery



rane in hypertensive patients in our study group, and the corre-
sponding MAC value was determined as slightly higher.

The secondary targets such as the extubation time, duration of 
intensive care and hospital stay, and postoperative complications 
were found to be similar in both groups. Although not consid-
ered as statistically significant, it was observed that the extubation 
time was delayed in Group H. In a study examining the effects of 
remifentanil and sufentanil on early extubation in cardiac surgery, 
the duration of extubation in the remifentanil+isoflurane group 
was reported as 386 min (9). The extubation time in our study 
was 192 min in Group N and 276 min in Group H. The rea-
son for our patients’ early extubation might be the shorter elim-
ination time of desflurane compared to that of isoflurane. It is 
known that, independently of the dose and duration of remifen-
tanil infusion, the clearance of desflurane is rapid, and it provides 
a rapid wake-up (10). However, desflurane application at high-
er concentrations may cause the clearance prolongation. This is 
probably why the duration of extubation was longer in Group H 
in which higher concentrations of desflurane were used.

The OPCAB surgery might be accompanied by various degrees 
of hypotension that result from a reduced cardiac output due 
to heart retraction and position changes of the heart (11, 12). 
The development of hypotension in the intraoperative period 
may occur more dramatically in hypertensive patients due to a 
decrease in the high systemic venous resistance via anaesthesia. 
To prevent this, in resistant cases, the use of preload, up–down 
position, alpha agonists and noradrenalin are recommended 
(13). In OPCAB surgeries, rather than retraction and position 
changes, the use of advanced stabilisation devices such as the 
‘octopus’ stabiliser minimised the cardiac output decline and 
thus reduced the risk of hypotension (14). However, whether 
normotensive or hypertensive, systolic arterial blood pressures 
of patients are needed to be well controlled. A high arterial 
blood pressure causes the cardiac stress to increase and heart’s 
pumping blood due to an increased afterload, and it also pre-
disposes the development of aortic dissection during a proximal 
graft anastomosis (2). For this reason, it may be necessary to use 
nitroglycerin in addition to anaesthetic medications in cases of 
high blood pressure. However, a careful titration is also neces-
sary to avoid hypotension that may occur with vasodilators. In 
our study, the arterial blood pressure was higher in the hyper-
tensive group, but no elevation was necessary enough to use 
nitroglycerin in any patient. The elevation was under control 
by adding bolus additives to the dose of remifentanil infusion.

Bradycardia used to be a necessity for surgeons to work com-
fortably on the heart at the onset of OPCAB surgery, and the 
application of beta-blockers for this purpose was a frequent 
method (14). The development of stabilisation techniques also 
made bradycardia unnecessary. However, there is no doubt that 
tachycardia should be meticulously avoided. There were no dif-
ferences in the HR in our study and no additional remifentan-
il-induced bradycardia was observed. The selected anaesthetic 
technique is important to maintain a haemodynamic stability. 

Although high-opioid techniques that used to be performed 
provided a good haemodynamic control, they have become less 
used today since they cause delayed postoperative awakening 
and extubation. Today, anaesthetists avoid the administration 
of high doses of long-acting opioids due to the side effects such 
as prolonged respiratory depression and ventilation require-
ment, hypotension and delay in returning to normal bowel 
movements (1). The fast-track anaesthesia method involves pa-
tients’ being extubated within the first 6 hours in the postop-
erative period and improves recovery by reducing the length of 
hospital stay and intensive care in the postoperative period (15-
17). In the fast-track method, among the preferred anaesthesia, 
‘volatile anaesthetics+short-acting opioid combination’ is also 
included (2). Since desflurane provides rapid recovery and is 
cardioprotective, it is advantageous in fast-track anaesthesia 
(18, 19). Remifentanil is a very short-acting opioid and thus 
allows early extubation via quality haemodynamic stability 
(20). Moreover, it has a catecholamine-reducing effect that can 
also control the increased autonomic activity due to desflurane. 
Other publications have reported that the desflurane–remifen-
tanil combination provides a good haemodynamic stability in 
critical surgical procedures such as cardiac pheochromocytoma 
and thoracic surgery, that no additional vasodilator is needed, 
and that microcirculation improves (21, 22). In our study, the 
desflurane–remifentanil combination was also found to pro-
vide an adequate intraoperative haemodynamic stability in hy-
pertensive patients who underwent fast-track OPCAB surgery 
and by increasing the remifentanil dose, the desired HR and 
arterial blood pressure values could be reached without nitro-
glycerin.

In a study comparing the cardiovascular safety of remifent-
anil–sevoflurane and fentanyl–etomidate in the anaesthesia 
induction in coronary surgery, of all the patients on remifen-
tanil, 1 patient had asystole and 3 patients had severe brady-
cardia and hypotension (23). In this study, the remifentanil 
dose used in the induction of anaesthesia was set at 0.33 μg 
kg−1 min, and the duration of anaesthesia induction was set 
at 90 seconds. In our study, severe hypotension and brady-
cardia were observed during the induction of anaesthesia in 
1 patient in Group N, and the patient was excluded from 
the study. No cardiovascular depression was observed during 
anaesthesia induction in other patients. We think that this 
difference is due to a longer induction of anaesthesia (4 min) 
and the patients having been hydrated before the anaesthesia 
induction, despite the higher anaesthesia induction dose. In a 
study performed by Kessler et al. (24), the authors compared 
three separate anaesthetic techniques that consisted of propo-
fol+remifentanil, thoracic epidural anaesthesia and combina-
tions of these in an OPCAB surgery, and they reported that 
they used intravenous esmolol in 7 patients due to the sig-
nificant increase in HR during coronary anastomosis in the 
general anaesthesia group. In our study, during anastomoses, 
ephedrine was also applied in 1 of the hypertensive patients 
in whom more remifentanil was used due to hypotension that 
developed.
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Conclusion

It has been concluded that an optimal intraoperative haemo-
dynamic stabilisation was provided in hypertensive patients 
undergoing OPCAB surgery under desflurane–remifentanil 
anaesthesia facilitated by BIS monitoring, although high-
er doses of remifentanil were required. It was observed that 
complications did not increase because of the additional 
remifentanil applied. Thus, remifentanil can be safely used.
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