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Abstract 
Background: Functional endoscopic sinus surgery is widely practiced during daily otorhinolaryngology practice. It usually done 

under low blood pressure. However, the ideal hypotensive drug or technique is yet not well established.    
Aim of the work: To evaluate outcome of functional endoscopic sinus surgery under esmolol-induced hypotensive anesthesia 

[EHA] versus hypotensive total intravenous anesthesia [H-TIVA]. 
Patients & Methods: 72 patients were randomly divided into two groups; Group A: H-TIVA and Group B [EHA]. After induction 

of anesthesia, remifentanil/ propofol and esmolol infusions were adjusted to maintain mean arterial pressure at 60-70 
mmHg. After completion of surgical procedure, esmolol infusion was stopped, while remifentanil/propofol infusions were 
adjusted to allow restoration of blood pressure. Operative field bleeding and visibility were graded using Fromme scale. 
Primary outcome is the efficacy of EHA to minimize intraoperative bleeding to an extent that allows satisfactory 
completion of surgery. 

Results: Esmolol bolus significantly attenuated pressor reflexes to induction and intubation than induction by remifentanil. 
Intraoperative [IO] heart rate and MAP measures were significantly lower with EHA. At 10-minures after infusion 
stoppage, patients of group B still had significantly lower HR and MAP, while at 10-min later, the difference was non-
significant. HA minimized IO blood loss down to no to slight bleeding in 16.7% and 55.5% of studied patients and 
improved field visibility to satisfactory-to-good levels in 51.4% and 43.1% of surgeries, respectively. Moreover, EHA 
provided better field visibility, so allowed significant reduction of operative time than with TIVA. 

Conclusion: Hypotensive anesthesia is safe and appropriate modality for FESS and improves surgical and clinical outcome. 
Both esmolol and remifentanil provided satisfactory results. Esmolol is superior to remifentanil. 

 

Keywords: Esmolol hypotensive anesthesia; Hypotensive total intravenous anesthesia; Intraoperative bleeding; 
Operative field visibility. 

 

This is an open access article under the Creative Commons license [CC BY] [https://creativecommons.org/licenses/by/2.0/] 
 

Please cite this article as: Ahmed MEM, Elsayed MM, Sarhan NA, Fathallah MA. Surgical Field Visibility during Functional Endoscopic 
Sinus Surgery: Esmolol-induced Hypotensive Anesthesia versus Hypotensive Total Intravenous Anesthesia. IJMA 2019; 1[2]: 110-
118.        



Ahmed et al.                                                                                                                       

111 

  

INTRODUCTION 
Chronic rhinosinusitis [CRS] is a broad clinical 

syndrome associated with mucosal inflammation[1] 
and affects about 14.2% of adult population[2]. 
Sinonasal and sleep-related symptoms affect 
physical and emotional aspects of daily function[3] 
with subsequent poor quality of life[4] that promotes 
those patients to seek sinus surgery[4]. 

Functional endoscopic sinus surgery [FESS] is 
a minimally-invasive surgical technique for CRS 
especially in CRS with polyps[5] and became the 
well-established approach for CRS refractory to 
medical management[6]. Advantages of FESS 
include recovery of antral mucosa and improvement 
of mucociliary clearance with improved ventilation 
and drainage[7]. Additionally, FESS induced 
marvelous symptomatic outcome in the form of 
significant decrease of symptoms' scores[8]. 

Optimal surgical field visibility is the most vital 
aspect of FESS[9] as small bleeding areas can 
reduce surgical field visibility and result in 
destruction of surrounding structures[10]. This 
invariably requires induced hypotensive anesthesia 
[IHA] to facilitate surgical dissection and decrease 
operative time[9]. 

Wide range of pharmacological agents were 
tried to achieve IHA during FESS; dexmedeto-
midine provides better hemodynamic stability and 
operative field visibility[11], clonidine was found to be 
effective in achieving IHA[12] and lidocaine provided 
better surgical field clarity[13]. Remifentanil 
anesthesia with propofol or desflurane resulted in 
good field visibility, with no clinical differences 
between propofol and desflurane[14]. 

Esmolol is a unique cardioselective β1-
adrenergic receptor antagonist with strongly β1 
selective activity at conventional clinical doses[15]. It 
is highly effective in prevention of tachycardia 
secondary to sympathoadrenal system activation 
during anesthesia induction[16,17]. Low dose of 
esmolol might induce vasodilator effect resulting in 
changes in the resistance of vessels, thus provides 
perioperative cardiac safety[18], stable intra-
operative hemodynamics and protection against 
surgical stress response[19]. 

Esmolol is ultrashort acting drug, metabolized 
by red blood cell esterases resulting in a 9-minute 
half-life[20]. Its dosing regimen must vary with 
patient's status, clinical situation, concomitant 
medications, desired result and duration of 

surgery[17]. Esmolol administration may be 
associated with increased risk of hypotension, so 
continuous monitoring of patients receiving esmolol 
is mandatory[21]. 
 

AIM OF THE WORK 
The study aimed to evaluate outcome of FESS 

under esmolol-induced hypotensive anesthesia 
[EHA] versus hypotensive total intravenous 
anesthesia [H-TIVA]. 
 

PATIENTS AND METHODS 
Setting: Departments of Anesthesia and 

Otorhinolaryngology, Alhammadi Hospital, 
Kingdom of Saudi Arabia [KSA] 

Design: Prospective comparative clinical trial 
The current study was conducted since June 

2017 till April 2019. The study protocol was 
approved by the Local Ethical Committee of 
Alhammadi Hospital, Kingdom of Saudi Arabia, and 
enrolled patients signed an informed written 
consent for study participation, receiving the 
assigned anesthetic procedure and to undertake 
surgical treatment of their sinus disease. All patients 
presenting to outpatient clinic of otorhino-
laryngology with symptoms suggestive of chronic 
rhinosinusitis [CRS] were eligible for evaluation. 
CRS was diagnosed according to criteria defined by 
the Rhinosinusitis Task Force[22] and patients have 
≥2 major or one major plus ≥2 minor factors for ≥12 
weeks despite of medical therapy for 4 weeks were 
enrolled in the study. Patients with acute sinus 
disease, ASA grade III or IV, cardiovascular 
disease, hypertension, bleeding diathesis and 
maintained on aspirin or other medications affecting 
coagulation system and patients with kidney or liver 
dysfunctions, as well as anemia [Hb<10 g/dl] were 
excluded from the study.  

All patients underwent clinical examination 
including endoscopic evaluation of the extent of 
sinus disease using Lund & Kennedy[23] endoscopic 
grading to assess nasal mucosa edema, presence 
of secretion and presence of polyps; each 
parameter was scored by 0-2. Assessment was 
performed bilaterally and total score equals the sum 
of points obtained in both sides to give a score 
range of 0-12. Then, all patients underwent CT 
scanning of paranasal sinuses at coronal and axial 
plans with continuous sections of 2.0 and 3.0 mm 
thickness. CT scans were assessed according to 
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Lund-Mackay[24] scale. Each paranasal sinus was 
graded from 0 to 2 depending on the level of 
opacification and the ostiomeatal complex was 
scored by 0 [no obstruction] or 2 [obstructed]. 
Assessment was conducted bilaterally for a total 
score range of 0-24 points, and the highest value 
corresponded to greater severity of the disease.  

Randomization & grouping: Randomization 
was conducted using sealed envelopes containing 
cards carrying the group label and prepared by an 
assistant who was blinded about target for each 
group and envelops were chosen by patient 
him/herself. Patients fulfilling the inclusion criteria 
were randomly allocated into two equal groups 
according to the applied anesthetic procedure as 
Group A which included patients received TIVA-
induced hypotensive anesthesia and Group B which 
included patients received esmolol-induced 
hypotensive anesthesia. 

Anesthetic procedure: All patients were pre-
medicated with midazolam [0.05 mg/kg], 2 minutes 
before induction of anesthesia. For patients of 
Group A, anesthesia was induced by a bolus of 
remifentanil [1 μg/kg] followed by propofol [1-2 
mg/kg] and rocuronium 0.6 mg/kg to facilitate 
tracheal intubation. Anesthesia was maintained by 
slow remifentanil infusion [2 mg in 40 cc of 
physiological saline] in addition to 50 cc of propofol 
infusion with rate was adapted according to 
hemodynamic responses, in order to maintain mean 
arterial blood pressure [MAP] values in the range of 
60-70 mmHg. For Patients of Group B, esmolol was 
given as an intravenous bolus dose of 0.5 
mg/kg diluted in 10 ml of 0.9% normal saline and 
then anesthesia was induced using propofol 2 
mg/kg, fentanyl 1-2 ug/kg, and rocuronium 0.6 
mg/kg to facilitate tracheal intubation. Then, 
esmolol infusion was started at rate of 0.05-0.3 
mg/kg/min to maintain MAP of 60-70 mmHg until 
completion of surgery. Balanced anesthesia was 
continued with sevoflurane, fentanyl and 
rocuronium adapted to the patient’s physiological 
reaction to surgical stimuli. For patients of both 
groups, the lungs were ventilated with 100% O2 in 
air using a semi-closed circle system. Ventilation 
was controlled with a tidal volume of 6-8 ml/kg, and 
the ventilatory rate was adjusted to maintain an 
end-tidal carbon dioxide [paCO2] of 32-35 mmHg. 
After completion of surgical procedure, esmolol 
infusion was stopped and remifentanil/propofol 

infusions were adjusted to allow restoration of blood 
pressure so that perfect hemostasis could be 
achieved. 

Operative procedure: Immediately after 
tracheal intubation, middle meatus cavity was 
packed under endoscopic guidance by adrenaline 
[1:100,000] soaked pledges to obtain maximum 
contraction at sinus mucosa to allow better 
visualization. Pledges were removed after 5-min 
and mucosa of uncinate process was injected by 1-
1.5 ml of xylocaine [1%] with adrenaline 
[1:100,000]. Xylocaine injection was performed at 
level of the head of the middle turbinate and the 
inferior part of the bulla to block branches of the 
anterior ethmoidal nerve. Prior to initiation of the 
procedure, operative table was tilted 25° in anti-
Trendelenberg to allow easier blood drainage. 

Patients were continuously non-invasively 
monitored for electrocardiogram,   MAP and heart 
rate [HR], before induction of anesthesia to 
determine baseline measures and every 5-min till 
end of surgery to assure maintenance of blood 
pressure at the adjusted level. Throughout surgery, 
operative field bleeding and subsequently its 
visibility was graded as follows: no bleeding [0], 
slight bleeding not necessitating suction [1], slight 
bleeding that sometimes needed to be sucked [2], 
low bleeding, but blood has to be sucked to allow 
field visibility [3], blood has to be often sucked and 
operative field is visible only right after suction [4] 
and high bleeding that requires constant suction 
otherwise surgery is hardly possible or impossible 
at all [25].   
 

Study Outcomes 
Primary outcome Efficacy of esmolol-induced 

hypotension to minimize intraoperative [IO] 
bleeding to an extent that allows satisfactory 
completion of surgery 

Secondary outcomes include 
1. IO blood loss was calculated as the sum of 

the amount of blood collected in the suction 
and the calculated net weight of gauze 
swabs. 

2. Operative field visibility score 
3. Operative time determined since start of 

surgical procedure till its end or postponing. 
4. PO hemoglobin concentration as a 

reflection of effect of blood loss 
5. Surgeon' satisfaction by operative field 

visibility graded as satisfactory, good or 
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unsatisfactory.  
Statistical analysis: Obtained data were 

presented as mean±SD, numbers and 
percentages. Results were analyzed using paired t-
test, One-way ANOVA Test and Chi-square test [X2 
test]. Possible relationships were investigated using 
Pearson linear regression analysis. Statistical 
analysis was conducted using the IBM SPSS 
[Version 23, 2015] for Windows statistical package. 
P value <0.05 was considered statistically 
significant. 
 

RESULTS 
Eighty-five CRS were eligible for evaluation; 13 

were excluded for not fulfilling inclusion criteria and 
72 patients were divided into two groups [Fig. 1]. 
There was non-significant [p>0.05] differences 
between patients of both groups as regards 
enrolment data [Table 1 & figure 1]. Intraoperative 
hemodynamic changes showed significant variance 
in all patients compared to their baseline measures. 
Esmolol bolus given before induction of anesthesia 
significantly attenuated pressor reflexes to tracheal 
intubation more than induction by remifentanil. 
Intraoperatively, patients received esmolol 
developed significantly lower HR and MAP 
measures compared to patients received 
remifentanil. At 10-min after infusion stoppage, 
patients of group B still had significantly lower HR 
and MAP, while at 20-min after infusion stoppage, 
the difference was non-significant [Table 2]. 

The beneficial effect of hypotensive 
anesthesia, irrespective of methodology, was 
manifested by surgical visibility scoring, where no 

bleeding was reported in 12 [16.7%] patients, slight 
bleeding not necessitating suction in 40 patients 
[55.5%], slight bleeding that sometimes required to 
be evacuated in 17 patients [23.6%] and only 2 
patients [4.2%] showed low bleeding that required 
evacuation to allow field visibility. Patients of group 
B showed better visibility scores [mean score of 
1.1±0.8] than patients of group A [mean score of 
1.2±0.7] with non-significant difference in favor of 
group B. However, esmolol hypotensive anesthesia 
did better than remifentanil hypotensive anesthesia 
as manifested by the significantly lower amount of 
intraoperative bleeding and shorter operative time 
[Table 3]. Median value of percentage of decreased 
MAP was significantly [p=0.0005] higher with 
esmolol [25.77, IQR: 22.5-29.5] than with 
remifentanil [22.16, IQR: 19-24.1]. Median 
percentage of decreased MAP, in studied patients 
of both groups, showed negative significant 
correlation with both operative time [r=-0.375, 
p=0.001] and IO blood loss [r=-0.366, p=0.002] and 
a positive significant correlation [r=0.396, p=0.001] 
between IO blood loss and time. Such correlations 
were also manifest for both types of hypotensive 
anesthesia, but more pronounced with esmolol 
hypotensive anesthesia [Table 4]. 

Regarding surgeons' satisfaction scoring by 
hypotensive anesthesia, surgeons found it was 
satisfactory in 37 patients, good in 31 patients and 
unsatisfactory in only 4 patients with non-significant 
difference between both types of hypotensive 
anesthesia [Fig. 2].   

 
 

 

 

Table [1]: Patients' enrollment data  
Data  Group A  

[H-TIVA; n=36] 

Group B  

[EHA; n=36] 

P value 

Age [years] 40.4±8.6 39.2±7.4 0.519 

Gender; M: F 26:10 29:7 0.405 

Body mass index [kg/m2] 29.9±2.1 29.3±2.4 0.266 

ASA grade; I: II 28:8 27:9 0.781 

Endoscopic score 6.5±1.2 6.8±1.4 0.331 

CT score 6±1.6 6.4±2 0.358 

Data are presented as mean±SD, numbers & ratios; ASA: American Society of Anesthesiologists grading system  
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Table [2]: Hemodynamic data of patients of both groups 
 

Parameter  Time  Group A  
[H-TIVA; n=36] 

Group B  
[EHA; n=36] 

P value 

HR [beat/min] Baseline  82.9±3.8 80.8±5.8 0.067 

At intubation 76.2±4.7 72.3±7 0.007 

15-min IO 72.5±7.4 64.5±8 0.001 

30-min IO 71.1±8.5 63.3±7.4 0.001 

45-min IO 73.3±7.9 64.9±8.7 0.001 

10-min after end of surgery 76.9±6.4 71.8±7.3 0.002 

20-min after end of surgery 80.2±5.7 77.2±7.9 0.102 

MAP [mmHg] Baseline  88.9±3 89.3±3.1 0.536 

At intubation 74.3±4.8 70.8±3.2 0.001 

15-min IO 68.3±4.5 66.4±3.8 0.047 

30-min IO 68.5±4.7 64.9±4.1 0.001 

45-min IO 68.3±5.4 63.7±4.6 0.001 

10-min after end of surgery 82±3.7 78.5±4 0.001 

20-min after end of surgery 84.6±3.3 83±4.2 0.078 

 Data are presented as mean±SD, numbers & ratios; HR: Heart rate; MAP: Mean arterial pressure; p>0.05 indicates non-significant 
difference between groups; p<0.05 indicates significant difference between groups 

 
Table [3]: Operative data of patients of both groups 

  Group A  
[H-TIVA; n=36] 

Group B  
[EHA; n=36] 

P value 

Surgical field visibility score 0 4 [11.1%] 8 [22.2%] 

0.547 
1 22 [61.1%] 18 [50%] 

2 8 [22.2%] 9 [25%] 

3 2 [5.6%] 1 [2.8%] 

Mean [±SD] 1.2±0.7 1.1±0.8 0.432 

Amount of bleeding [ml] 139.5±17.3 130.6±19.6 0.045 

Operative time [min] 59±9.3 53.6±11.5 0.033 

Data are presented as mean±SD, numbers & ratios; ASA: American Society of Anesthesiologists grading system  
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Table [4]: Correlations between median percentage of decreased MAP, IO blood loss and operative time in both groups 
 

                                   Variables  
Group  

Median % of decreased MAP Operative time 

"r" P "r" P 

Group A  
[H-TIVA; n=36] 

IO blood loss -0.258 0.129 0.461 0.005 

Operative time -0.344 0.040   

Group B  
[EHA; n=36] 

IO blood loss -0.341 0.042 0.314 0.062 

Operative time -0.364 0.029   

Total  IO blood loss -0.375 0.001 0.396 0.001 

Operative time -0.366 0.002   

 

 
 

DISCUSSION 
Hypotensive anesthesia [HA] using either H-

TIVA or EHA minimized IO blood loss down to no to 
slight bleeding in 16.7% and 55.5% of studied 
patients, respectively, so allowed sparing of suction 
use in 72.2% of surgeries. Moreover, HA-induced 
effect on field bleeding allowed improved field 
visibility during FESS to satisfactory-to-good levels 
in 51.4% and 43.1% of surgeries, respectively. 
These data indicated that FESS under HA is safe to 
patients and satisfactory to surgeons and thus 
improved surgical outcome with subsequent 
improvement of PO clinical and radiological scoring. 
These findings coincided with previous studies 
evaluated HA during FESS using magnesium 
sulfate versus lidocaine [13], clonidine[12, 26-28], 
dexmedetomedine[28,29] and labetalol versus 
nitroglycerin [30].   

Regarding primary outcome, EHA did better 
than H-TIVA; firstly, esmolol induced more 

hypotensive effect down to a level that was 
significantly lower than with remifentanil [RHA] but 
not out of the targeted level [MAP=60-70 mmHg]. 
Moreover, EHA provided better field visibility 
through significantly lower amount of IO bleeding, 
so allowed significant reduction of operative time 
than with RHA. 

In line with the efficacy of esmolol for improving 
surgical field visibility, Guney et al. [31] reported that 
esmolol provided hemodynamic stability and good 
surgical field visibility and should be considered as 
an alternative to nitroglycerine during nasal surgery. 
Also, Ibraheim et al. [32] documented that esmolol 
and dexmedetomidine as adjuvant to anesthetic 
regimen, provided an effective and well-tolerated 
method for reduction of blood loss during scoliosis 
surgery, but dexmedetomidine induced prolonged 
extubation and recovery times. Thereafter, Besir et 
al. [33] found breast reduction surgery performed 
under EHA with propofol and remifentanil 

Fig. (2): Patients' distribution according to surgeons' satisfaction 

by hypotensive anesthesia
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anesthesia reduced surgical duration and blood 
loss with improved surgical visibility than under 
sevoflurane and remifentanil. 

Concerning FESS, Srivastava et al.[34] in 
comparative study between nitroglycerin and 
esmolol for controlled hypotension during FESS 
reported that both drugs improved visibility of 
surgical field by reducing capillary bleeding, but 
esmolol offered better operative conditions with only 
minimal reduction in MAP, no reflex tachycardia and 
less IO hemorrhage. Thereafter, Jangra et al. [9], in 
placebo-controlled study found quality of surgical 
field was better with esmolol and magnesium 
sulfate, but duration of surgery was significantly less 
with esmolol than magnesium sulfate and placebo. 
Recently, in 2019, Lavere et al. [35] found both 
esmolol and labetalol reduced rate of IO blood loss, 
properly controlled MAP and HR, and improved 
surgical visibility during FESS with non-significant 
differences 

Esmolol bolus injection before induction of 
anesthesia allowed priming of patient's pressor 
reflexes to induction and intubation as manifested 
by the significantly lower HR and MAP during 
intubation in patients received esmolol than patients 
who received remifentanil for induction during HA. 
In support of this finding, Sharma et al. [36], in 
placebo-controlled study, reported that both 
dexmedetomidine and esmolol suppressed 
hemodynamic responses to intubation when 
compared to placebo. Also, Verma et al. [19] and 
Bhattacharjee et al.[37] in placebo-controlled study, 
found both esmolol and diltiazem[19] or 
dexmedetomidine[37] infusions, provided stable IO 
hemodynamics and protected against stress 
response triggered by pneumoperitoneum during 
laparoscopic surgery, but esmolol induced 
significantly lower HR and blood pressures than in 
diltiazem at the creation of pneumoperitoneum [19]. 
In another comparative study, Prajwal Patel et al.[38] 
found both esmolol and labetalol attenuated 
hemodynamic response, but if patient has raised 
blood pressure, esmolol is a good option in blunting 
the response.  

Interestingly, MAP estimated at 10-min after 
completion of surgery and stoppage of esmolol 
infusion was still significantly lower compared to 
that measures after stoppage of remifentanil 
infusion, but the difference became non-significant 

at 20-min after stoppage of infusions. This time lag 
between stoppage of infusion and return of MAP to 
level near preoperative level allowed surgical field 
exploration and safe extubation. These finding go in 
hand with Tuzcu et al. [39] who compared the effect 
of esmolol and remifentanil priming before induction 
of anesthesia and found both drugs blunted the 
pressor reflexes but HR values at 10 minutes after 
intubation were significantly decreased with 
esmolol than with remifentanil. Similarly, Verma et 
al. [19] and Prajwal Patel et al. [38] found esmolol was 
more efficient than diltiazem [19] and labetalol [38] at 
and immediately after extubation. 

  Conclusion: Hypotensive anesthesia is safe 
and appropriate modality for FESS and improves 
surgical and clinical outcome. Both esmolol and 
remifentanil provided satisfactory results. Esmolol 
is superior to remifentanil for control of induction, 
intubation and extubation pressor reflexes. 
Moreover, esmolol allowed significant reduction of 
IO blood loss and operative time.     
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