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1. Introduction 

 
    Controlled hypotension is a frequently preferred method in terms 
of reducing intraoperative bleeding, improving visualization of the 
surgical field, shortening the operation time, and reducing surgical 
complications. It is defined as reducing the systolic arterial pressure 
(SAP) to 70-80 mmHg, reducing and maintaining the mean arterial 
pressure (MAP) to 50-65, or reducing the initial MAP by 30%.1-3  
Controlled hypotension is preferred in oromaxillofacial surgery, en-
doscopic sinus, septoplasty, or middle ear microsurgery (tympano-
plasty, mastoidectomy), spinal surgery, aneurysm, major orthopae- 
 
Corresponding Author: Elvan Onan, uygurelvan@hotmail.com, Received: 23.08.2024, Ac-

cepted: 26.12.2024, Available Online Date: 31.12.2024 Cite this article as: Shabonava G, 

Onan E, Biricik E, et al. Effects of Controlled Hypotension on Cerebral Oxygenation in 

Tympanoplasty and Tympanomastoidectomy Surgery. J Cukurova Anesth Surg. 2024; 

7(4): 229- 4. 

https://doi.org/10.36516/jocass.1537759 Copyright © 2024 This is an open access arti-

cle distributed under the terms of the Creative Commons Attribution-Non-Commercial-No 

Derivatives License 4.0 (CC-BY-NC-ND), where it is permissible to download and share the 

work provided it is properly cited. The work cannot be changed in any way or used com-

mercially without permission from the journal.  

 

dic surgery, prostatectomy, cardiovascular surgery and liver trans-
plant surgery.4,5 In middle ear surgery, control of the bleeding is es-
sential and controlled hypotension is minimizing bleeding of surgi-
cal field.6 Vasodilators such as sodium nitroprusside and nitroglyc-
erin, β adrenergic blockers such as propranolol and esmolol, cal-
cium channel blockers such as nicardipine, inhalation anaesthetics 
such as sevoflurane, isoflurane, desflurane, opioids such as remifen-
tanil and fentanyl can be used for this purpose.4-11 Esmolol is a 
highly cardioselective β1-blocker with rapid onset and short dura-
tion of clinical effects.12 Its clearance is not dependent on renal or 
hepatic function because it is rapidly metabolized by plasma ester-
ases. Nicardipine is another short-acting calcium channel blocker 
that has been found to be useful in controlling hemodynamics dur-
ing intubation, intraoperatively, or during extubation.13 Nicardipine 
has minimal dromotropic effect and has coronary and cerebral vas-
odilator activity.14  

In our study, we aimed to evaluate the effects of controlled hy-
potension induced by esmolol and nicardipine on cerebral oxygen-
ation, hemodynamics, intraoperative bleeding, surgical satisfaction 
and recovery in a prospective, randomized, controlled manner in 
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patients scheduled for tympanoplasty and tympanomastoidectomy 
between July 2020 and July 2021. Nevertheless, we hypothesized 
that nicardipine would have positive effects on cerebral oxygena-
tion. 

2. Materials And Methods

Our study was carried out between 10 July 2020 and 10 July 
2021 in Cukurova University Balcalı Hospital Central Operating 
Room. Sixty ASA I-II patients aged between 18-65 years who were 
to undergo endoscopic tympanoplasty or tympanomastoidectomy 
surgery were included in the study in a randomized and double-
blind method. Written and verbal consents of the patients were 
obtained. Patients who were ASA III-IV, under 18 years of age, over 
65 years of age, obese, pregnant, using anticonvulsant and 
antiarrhythmic drugs, having cerebrovascular disease, 
hypertension and cardiovascular problems, pulmonary, renal and 
hepatic disease, malignancy, a history of bleeding disorders or using 
anticoagulant drugs, having fever, having active infection and those 
who did not agree to participate in the study were excluded from 
the study. 
Apfel scoring was used to determine the risk of postoperative nau-
sea and vomiting.15 PCR test for COVID-19 was performed to all 
cases two days before the operation. Demographical data of the pa-
tients were recorded.  

The patients were admitted to the operating room without pre-
medication and after venous access obtained 0.9% NaCl (5-7 
ml/kg/hour) infusion was performed. Electrocardiogram (ECG), 
SAP, diastolic arterial pressure (DAP), MAP, heart rate (HR), periph-
eral oxygen saturation (SpO2) monitorization were performed to all 
patients. Non-invasive blood pressure values were measured three 
times before the induction, and the mean of these values was noted 
as baseline values. Before the induction of anaesthesia, Near-infra-
red spectroscopy (NIRS) probes were placed on the bilateral frontal 
region to measure the cerebral oxygen saturation (INVOS, Covidien, 
Somanetics, Troy, MI). NIRS values measured from the right and left 
frontal region were recorded as baseline.  

Anesthesia induction was performed with propofol 2-2.5 mg/kg, 
remifentanil 0.5 µg/kg and rocuronium 0.6 mg/kg. Respiratory rate 
was adjusted to keep tidal volume of 6-7 mL/kg and end-tidal CO2 
values between 30-35 mmHg in mechanical ventilation. Anaesthesia 
was maintained with O2/N2O mixture 40%/60% and sevoflurane 
2%. Low-dose remifentanil (0.03 µg/kg/min) infusion continued till 
the end of surgery. The depth of anesthesia was adjusted to an end-
tidal MAC (EtMAC) value of 1-1.3 MAC. The remifentanil infusion 
dose was kept constant. Before placing the tympanic membrane 
graft, N2O inhalation was stopped and ventilation was provided with 
O2/air mixture 40%/60%. 

Patients were divided into 2 groups at the 10th minute after in-
duction. Power analysis was not applied in this study, and all pa-
tients who underwent tympanoplasty or tympanomastoidectomy 
surgery in our centre within 1 year were evaluated for eligibility for 
the study and assigned to groups with the 1-1 method.  
Group N (n:30); The group which applied Nicardipine infusion. It 
was started with 1 µg/kg/min and the dose was increased at 5 
minutes intervals until reaching the target is reached, maximum 
dose was 5 µg/kg/min. 
Group E (n:30); The group which applied Esmolol infusion. It was 
started by 50 mcg/kg/min and the dose was increased at 5 min in-
tervals until the target is reached, maximum dose was 300 
mcg/kg/min. 

During the operation, hemodynamic data of the patients (SAP, 
DAP, MAP, HR), SpO2, EtCO2 right and left cerebral NIRS values were 

recorded with 5 min intervals. It is aimed that the mean arterial 
pressure values are 30% less than the baseline values for controlled 
hypotension. If the mean arterial pressure was higher than the tar-
geted values for more than 5 minutes, it was planned to increase the 
infusion doses by titration in both groups. If the mean arterial pres-
sure was lower than the targeted value for more than 5 minutes, it 
was also planned to reduce the infusion drug doses by titration, to 
administer intravenous bolus fluid. If HR was less than 45 beats/min 
for more than 2 minutes, it was accepted as bradycardia. it was 
planned to reduce the drug dose and administered 0.5 mg atropine 
sulphate intravenous in case of inadequate response. 

It was accepted as cerebral desaturation criterion if the 
reduction of rSO2 (regional oxygen saturation) was more than 20% 
from baseline or it was more than 3000 seconds when desaturation 
time and the product of the rSO2 value obtained by subtracting the 
50 were multiplied. In this case, it was planned to perform same 
order as Denault et al.16 (respectively, checking NIRS probes and 
patients head position; volume replacement and vasopressor 
administration). In addition, it was planned to increase the NIRS 
values by increasing FiO2 and cerebral blood flow by optimizing the 
end-tidal CO2 value. 

All operations were performed by the same surgeon. Five step 
bleeding scale was used to check the amount of bleeding in the sur-
gical region during the operation and the amount of bleeding was 
recorded with this scale. 
0: No bleeding 
1:Mild bleeding, doesn’t require aspiration 
2:Mild bleeding, rarely requires aspiration 
3:Minor bleeding requires frequent aspiration, the operation site can be seen for a few 
seconds after the aspiration. 
4:Often requires aspiration, operation site can be seen only by means of aspiration 
5:Major bleeding, continuous aspiration is required; the surgery can be performed difficultly. 

Surgical satisfaction was asked to the surgeon evaluate after the 
operation. It was evaluated as “poor, fair, good, and excellent”. All 
patients were received tramadol 2 mg/kg as an analgesic at least 30 
minutes before end of the operation. Atropine sulfate 0.01-0.02 
mg/kg and neostigmine 0.05-0.07 mg/kg were administered intra-
venously for reversal of neuromuscular blockage.  
Patients were extubated when the tidal volume achieve the mini-
mum 3ml/kg and oxygen saturation >96% in room air. Durations of 
the operation, anaesthesia, extubation time and recovery time of all 
patients were recorded. It was planned to administer intravenous 
ondansetron in case of persistent, moderate or severe nausea and 
vomiting in PACU (Post-anaesthesia Care Unit). The patients’ length 
of stay in PACU and possible side effects (hypotension, hyperten-
sion, nausea, vomiting, insufficient analgesia, etc.) were recorded. 
Patients were evaluated according to the Postoperative Modified Al-
drete scoring system. Paracetamol (1000 mg) was administered in-
travenously as a rescue analgesic to the patients when the visual an-
alogue scale >4 in PACU. Patients with an Aldrete score >9 were sent 
to the Ear-Nose-Throat service.17   

The study was conducted in accordance with the principles of 
the Declaration of Helsinki and was approved by the Institutional 
Review Board on 3th July, 2020 (approval number: 101) 
2.1. Statistical analyses 

SPSS (Statistical Package for the Social Sciences) 23.0 package 
program was used for the statistical analysis of the data. Descriptive 
statistical methods (mean, standard deviation, median, frequency, 
ratio, minimum, maximum) were used in the evaluation the re-
search data. Shapiro-Wilk test was used to find if the continuous 
measurements conform to normal distribution. Mann-Whitney U 
test was used for the comparison of two groups of data not showing 
normal distribution. Pearson Chi-Square test, Fisher-Freeman-Hal-
ton Exact test and Fisher's Exact test were used in the comparison 
of categorical expressions. Statistical significance level was taken as 
0.05 in all tests. 
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3. Results 

 
    There was no statistically difference in demographic data (age, 
gender, body weight, ASA scores) (p>0.05) Demographical and re-
covery data were presented in Table 1. It was seen that the SAP val-
ues at the 70th minute (p=0.045) and the DAP values at the 15th 
minute (p= 0.013) and 75th minutes (p=0.021) were higher in the 
Group N than in the Group E (p=0.045). In the Group N, it was deter-
mined that the target MAP was reached in a later period after the 
infusion. Mean arterial pressure values in the Group N were higher 
at the 15th minute (p=0.024), at the 70th minute (p=0.025) and 
80th minute (p=0.045) than in the Group E (p<0.05). Nicardipine 
dose was increased up to maximum 4µg/kg/min in order to reach 
the target MAP in the patients. Systolic and mean arterial blood 
pressures during anesthesia was presented in Figure 1. It was found 
that this dose was up to maximum 120µg/kg/min in the Group E. 
Severe hypotension (MAP <55 mmHg) was observed in six patients 
in both groups. Intravenous bolus of norepinephrine (4 µg) was ad-
ministered to these patients. A second bolus dose was required in 2 
patients in the Group E and in 1 patient in the Group N. No patients 
required norepinephrine infusion. HR values at 15th, 25th, 30th, 35th 
and 40th min in the Group N were higher than in the Group E. 
(p=0.026, p=0.031, p=0.032, p=0.026, p=0.011) Intraoperative he-
art rates were presented in Figure 2. The incidence of bradycardia 
and hypotension in the groups were presented in Table 2. 
 

 
Demographical and Recovery Data 
 

 
Group E 
(n=30) 
(n, %) 

Group N 
(n=30) 
(n, %) 

Total 
(n=60) 
(n, %) 

p 

ASA 
I 
II 

 
12 (40) 
18 (60) 

 
18 (60) 
12(40) 

 
30 (50) 
30 (50) 

0.121 

Gender 
M 
F 

 
16 (53.3) 
14 (46.7) 

 
17 (56.7) 
13 (43.3) 

 
33 (55) 
27 (40) 

0.795 

Age 
(year, min-max) 

48  
(19-69) 

45.5  
(18-67) 

47  
(18-69) 

0.450 

Body weight 
(kg, min-max) ) 

76  
(51-100) 

73.5  
(55-114) 

74 
(51-113) 

0.258 

Duration of 
Anaesthesia 

87.5  
(50-212) 

85 
 (40-185) 

85.5 
(40-212) 

0.668 

Duration of 
Surgery 

81.5  
(46-200) 

79  
(35-178) 

80  
(35-200) 

0.706 

Duration of 
Extubation 

3 (1-10) 3 (1-6) 3 (1-10) 0.634 

Duration of 
Recovery 

3 (1-7) 3 (1-10) 3 (1-10) 0.312 

Duration of 
staying in PACU 

18.5  
(10-30) 

20  
(15-30) 

20  
(10-30) 

0.108 

Postoperative 
Aldrete Recovery 
Score 

10  
(9-10) 

10  
(9-10) 

10  
(9-10) 

0.394 

Data presented as number and percentage, Med: Median, Min: Minimum, 
Max: Maximum Mann Whitney u test, * p<0.05 
 
 
 
 
 
 
 
 

The left NIRS values of the groups at the 20th and 40th min and 
the right NIRS values at the 25th, 30th, 35th,40th,45th and 60th min was 
found significantly higher in the Group N than in the Group E. There 
was no statistically significant difference between the groups in the 
NIRS values at other times measured (p>0.05). Right and left NIRS 
values during anesthesia were presented in Figure 3. 
Mild surgical bleeding which did not and rarely required aspiration 
(score 1 and 2) was observed in 23 patients in the Group E and 11 
patients in the Group N. 

Minor bleeding which required frequent aspiration and 
operation site could be seen for a few seconds after the aspiration 
(score 3) was observed 7 patients in Group E and 18 patients in the 
Group N. Bleeding which required frequent aspiration and in 
operation site could only be seen by means of aspiration (score 4) 
was observed in 1 patient in the Group N.  

Surgical satisfaction was evaluated by the surgeon who 
performed the surgery. The rate of surgical satisfaction as “good and 
excellent” was higher in the Group E (38.33%) than in the Group N 
(18.34%) (p=0,003). 
 
 
 
 

 
The Incidence of Bradycardia and Hypotension in the Groups 
 

 Group E 
(n=30) 

Group N 
(n=30) 

Total 
(n=60) 

p 

 n(%) n(%) n(%)  
Bradycardia     
 Yes 2(6.7) 0(0) 2 (3.3) 0.150 
Hypotension     
  No 9 (30) 6 (20) 15 (25) 0.371 

 
 

 
Perioperative Data about Nausea and Vomiting 
 

 Group E 
(n=30) 

Group N 
(n=30) 

Total 
(n=60) 

p 

 n(%) n(%) n(%)  
Apfel Score     
Low risk 6 (20.3) 4 (13.3) 10 (16.7) 0.530 
Moderate risk 15 (50) 13 (43.3) 28 (46.7)  
High risk 9 (30.0) 13 (43.3) 22 (36.7)  
Postoperative 
Nausea and 
Vomiting 

    

No 13 (43.3) 18 (60) 31 (51.7) 0.219 
Mild 15 (50) 11 (36.7) 26 (43.3)  
Moderate 2 (6.7) 0 (0) 2 (3.3)  
Severe 0 (0) 1 (3.3) 1 (1.7)  
Antiemetic     
Yes 9(30) 10(33.3) 19(31.7)  
No 21(70) 20(66.7) 41(68.3) NA 

* p<0,05, chi-square test, NA: p value could not be calculated. 

 
 
 
 
 
 
 

Table 1 

Table 2 

Table 3 
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Systolic and Mean Blood Pressures in Groups Gr E= Group Esmolol, Gr N= Group Nicardipine 
 

 
 
 

 
Heart Rates during Anesthesia Gr E= Group Esmolol, Gr N= Group Nicardipine 

 

 
 
 

 
Right and Left NIRS values during Anesthesia Gr E= Group Esmolol, Gr N= Group Nicardipine, NIRS= Near İnfrared 
spectroscopy 
  

 

 
 
 
 

 
 
 
 

Figure 1 

Figure 2 

Figure 3 
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There was no significant difference between the anaesthesia and 
surgery durations, extubation time, recovery time, length of staying 
in the recovery room and postoperative Modified Aldrete Scores of 
the groups. Severe bradycardia was observed in two patients in the 
Esmolol group. No difference was observed between two groups in 
terms of postoperative hypotension (p>0.05). Five patients in each 
group required additional analgesic (paracetamol 1000 mg). Mild 
postoperative nausea and vomiting were observed in 15 patients in 
the Esmolol group and in 11 patients in the Nicardipine group. 
Moderate nausea and vomiting were observed in 2 cases in the 
Esmolol group, and severe nausea and vomiting were observed in 1 
case in the Nicardipine group. (Table 3) Antiemetic (ondansetron 4 
mg) was administered to 9 patients in the Group E and 10 patients 
in the Group N (p>0.05).  
 

4. Discussion 

 
    In our study, we investigated to the effect of nicardipine and 
esmolol on cerebral oxygenation, hemodynamics, bleeding in the 
surgical region, surgeon satisfaction and recovery during hypoten-
sive anesthesia. We measured higher NIRS values in patients receiv-
ing nicardipine than in those receiving esmolol, but we did not ob-
serve cerebral desaturation in any patient. Additionally, we found 
that esmolol can provide better hemodynamic stability, surgeon sat-
isfaction and less surgical bleeding during hypotensive anesthesia 
in endoscopic tympanoplasty and tympanomastoidectomy surgery.   
It is not clear about what the target value is in controlled hypoten-
sion. Erdem et al.18 aimed MAP as 50-60 mmHg in ASA I patients 
who underwent rhinoplasty. Degaute et al.10 accepted systolic blood 
pressure of 80 mmHg as the target in 30 ASA I-II patients in their 
study on tympanoplasty surgery and reported that combination of 
propofol and remifentanil reduces middle ear blood flow, provides 
better surgical vision and is a good option for creating hypotension 
in tympanoplasty surgery.  

In various studies, it was shown that the volume of bleeding was 
less in the hypotension group compared to the normotensive group. 
Kol et al.19 reported that esmolol or dexmedetomidine limit the vol-
ume of bleeding in operation side in desflurane anaesthesia. Salman 
et al.20 observed that esmolol provides better surgical bleeding con-
trol and less blood and fluid replacement. 

In our study, hemodynamic parameters were found to be simi-
lar, except that the MAP values were higher at the 15th, 70th and 
80th minutes and the heart rate was higher at the 15th, 25th, 30th, 
35th and 40th minutes in the Group N. We attributed this result to 
nicardipine vasodilation effect. Besides heart rates were higher in 
Group N than Group E, we assumed that this result is conclusion of 
stimulation of the sympathetic nervous system with Nicardipine.21   
Hypotension, haemorrhage, ischemia, pH imbalances, and tempera-
ture variables can greatly affect tissue oxygenation.  It is important 
to remember that tissue perfusion may not correlate with changes 
in blood pressure and maintain the oxygenation of the brain tissue 
during controlled hypotension. Evidence suggests that cerebral tis-
sue desaturation may occur undetected in the presence of normal 
vital signs. Therefore, it is important to monitoring of brain tissue 
oxygenation during the hypotension. One of the best indicators of 
cerebral perfusion is NIRS monitoring which shows regional brain 
tissue oxygenation.22-28 Low values always mean a failure of brain 
perfusion and oxygenation and increased oxygen demand. Cox et 
al.29 reported that the desaturation is correlated with intraoperative 
blood pressure in shoulder arthroscopy performed on sitting posi-
tion.  

Shear et al.30 reported that controlled hypotension range of 55-
65 mmHg has no effect on regional cerebral oxygen saturation in pe-
diatric patients. Similarly, Salman et al.20 emphasized that con-

trolled hypotension induced by esmolol does not affect regional cer-
ebral oxygen saturation in myomectomy operation. Erdem et al.18 
consider a decrease of more than 20% in cerebral oxygenation as 
desaturation in rhinoplasty surgery. Besides, Al-Rawi et al.31 
showed that a 13% decrease in saturation is an indicator of cerebral 
ischemia.  

In our study, it was found that right and left cerebral oxygena-
tion is preserved in both groups during controlled hypotension in-
duced by Esmolol and Nicardipine. It was determined that NIRS val-
ues were higher in the nicardipine group during periods of high 
heart rate. This result was thought to be related to the increased 
heart rate, myocardial contractility, cardiac output and cerebral 
blood flow due to Nicardipine. No desaturation was observed in 
NIRS measurements. This was accepted as the preservation of cere-
bral perfusion. 

 There are studies in the literature suggesting that Nicardipine 
increases surgical bleeding. Hersey SL et al.32 reported that nicardi-
pine caused more bleeding than nitroprusside in spinal fusion sur-
gery (761 +/- 199 mL and 1297.5 +/- 264 mL). In our study, it was 
observed bleeding that required frequent aspiration in 7 patients in 
the Group E and in 18 patients in the Group N a major bleeding that 
required frequent aspiration in 1 patient in the Nicardipine group. 
This result was associated with the vasodilation effect of Nicardi-
pine. At the same time, surgical satisfaction was determined better 
(good and very good) in esmolol group. We thought it is because of 
the provision of a bloodless surgical field.  

The groups were comparable in terms of anesthesia, surgery, ex-
tubation and recovery times. In the early postoperative period, 
bradycardia was encountered in two patients in the esmolol group.  

There were some limitations of the present study. Firstly, our 
study was conducted during the COVID-19 pandemic. Therefore, it 
was carried out with a limited number of patients. The study could 
have been conducted with a larger group of patients. Second, 
arterial blood pressures could have been followed by placing 
arterial line but it was not performed because of overcosting. Third, 
intraoperative and postoperative urine follow-up and renal 
functions of the patients could have been monitored. Fourth, 
comparisons could be made by choosing non-medicated 
normotensive patients as the control group. 
 

5. Conclusion 
 
     In conclusion, it was considered that both nicardipine and 
esmolol can be administered in controlled hypotension in 
sevoflurane-remifentanil anesthesia, cerebral oxygenation was 
maintained at applied nicardipine or esmolol doses and no 
desaturation was observed. Esmolol caused less surgical bleeding 
and more surgical satisfaction than nicardipine. The monitoring 
rSO2 with NIRS technology may be a valuable tool to assess the 
controlled hypotension on adult patients having tympanoplasty and 
tympanomastoidectomy surgery. 
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