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Abstract: Objective: This study aimed to explore the effect of dexmedetomidine combined with esmolol on hemor-
rhaging and hemodynamics in patients undergoing endoscopic surgery. Methods: In total, 160 patients with chronic 
sinusitis (CRS) who underwent elective endoscopic surgery under general anesthesia were randomly and equally 
divided into the study group (SG) and control group (CG). The CG was given 1 μg/kg dexmedetomidine intravenously 
(time > 10 min) and sustained infusion at 0.4-0.8 μg/(kg/h) for concentration maintenance. On the basis of treat-
ment with dexmedetomidine given to the CG, the SG was also given 1 mg/kg of esmolol in 1 minute, followed by 
continuous infusion of 0.4-0.8 mg/(kg/h) for concentration maintenance. The following parameters were recorded, 
including extubation, MAP and heart rate (HR) at the time of before (T0) and 5 min (T1) after anesthesia, 20 min 
(T2) and 40 min (T3) after hypotension, at the end of surgery (T4) and 10 min (T5) after extubation; intraoperative 
field quality score, operative blood loss and tracheal extubation time. The visibility of the surgical field was evalu-
ated by the Fromme method. Ramsay sedation Score was used to evaluate postoperative sedation effect, and Visual 
Analogue Score (VAS) was used to Score postoperative pain. Results: After receiving controlled hypotension (T2, T3), 
HR and MAP decreased in both groups (P<0.05). After the end of controlled hypotension (T4, T5), HR increased in 
both groups (P<0.05), but the HR and MAP of the SG were lower than those of the CG at T4 and T5 (P<0.05). The 
bleeding volume, Fromme score and VAS score of the SG were lower than those of the CG (P<0.05). The Ramsay 
score of the SG was higher than that of the CG (P<0.05). The incidence of total adverse reactions in the CG was 
higher than that in the SG (P<0.05). Conclusion: In nasal endoscopic surgery, both dexmedetomidine alone and 
dexmedetomidine combined with esmolol can effectively control hypotension, but the latter has the advantages of 
better quality, less pain, and less adverse reactions.
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Introduction

Patients with chronic rhinosinusitis (CRS) suffer 
from nasal and sinus mucosal inflammation, 
ongoing for at least 12 weeks, which seriously 
affects their work and life [1]. In addition, CRS 
affects about 10% of the adult population in 
industrialized countries, which is a public health 
problem disrupting today’s society [2]. Nasal 
endoscopic surgery is a surgical procedure that 
uses the nasal and sinus cavity as the surgical 
path, which is often used to treat CRS [3]. 
However, nasal endoscopic surgery increases 
the blood pressure of patients with surgery, 
and due to the dense capillary network of the 
nasal mucosa, there will be a large amount of 
bleeding during surgery, which will affect the 
surgical field of vision [4]. In nasal endoscopic 
surgery, controlled hypotension is often used to 
reduce intraoperative bleeding, thereby provid-

ing a better surgical field of view and surgical 
success rate [5]. In order to achieve controlled 
hypotension, some drugs such as inhalation 
anesthetics, α-adrenergic agonists, calcium ch- 
annel blockers, vasodilators and β-blockers are 
used in the surgery [6]. There are many variet-
ies of drugs that can be used for controlled 
hypotension. Finding the ideal controlled hypo-
tension drug is of great significance in improv-
ing the success rate of nasal endoscopic 
surgery. 

Dexmedetomidine is a highly selective α2 adren-
ergic receptor agonist with anti-sympathetic, 
anti-anxiety and sedative effects. It is often 
used clinically for surgical induction of hypoten-
sion, which can slow down heart rate and 
reduce blood loss [7]. Esmolol is a selective β1 
adrenergic receptor antagonist involved in the 
control of HR, contractility and atrioventricular 
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conduction. Moreover, it has been used in ad- 
ults for hemodynamics stabilization and cardio-
protection, which not only produces relative 
hypotension and bradycardia, but also signifi-
cantly improves the surgical area and reduces 
mean blood loss [8]. 

At present, most studies only compared the 
effects of dexmedetomidine and esmolol alone 
in controlled hypotension. No studies have be- 
en conducted on the combined use of these 
two drugs. Therefore, this study investigated 
the effects of hemodynamics in two groups of 
patients using dexmedetomidine in combina-
tion with esmolol and dexmedetomidine alone, 
which aimed to find a better mode of adminis-
tration for controlled hypotension in endoscop-
ic surgery. 

Materials and methods

General information

In total, 160 patients with simple CRS who 
underwent nasal endoscopic surgery in our 
hospital from January 2017 to January 2019 
were randomly divided into the SG and the CG, 
with 80 cases in each group. There were 48 
males and 32 females in the SG. 

Inclusion and exclusion criteria

Inclusion criteria: All patients were diagnosed 
with CRS alone; all patients met the American 
Society of Anesthesiologists (ASA) Grade I or II 
for CRS [9]; no cardiovascular drugs were used 
before surgery.

Exclusion criteria: Patients who were allergic to 
the drugs used in this study; patients with com-
munication impairments; patients with long-
term use of sedation and analgesics; patients 
with a history of hypertension; patients with 
severe cardiopulmonary disease; patients with 
a history of blood; patients with liver and kidney 
dysfunction; pregnant or lactating women. All 
patients were informed and signed an informed 
consent, and the study was approved by the 
Medical Ethics Committee of the hospital.

Processing method

Methods of anesthesia: all patients were for-
bidden to eat or drink for 8 hours before sur-
gery. After entering the operating room, the 
peripheral veins of the patients were opened, 
and the catheter was placed in the left oblique 
artery. Baseline mean arterial pressure (MAP), 

heart rate (HR) and other parameters were 
recorded. All patients were injected with 4 μg/
kg fentanyl, 2 mg/kg propofol, and 0.6 mg/kg 
rocuronium for anesthesia induction. After 
endotracheal intubation, the ventilator was 
connected and mechanical ventilation was  
performed. PET CO2 was maintained at 35~40 
mmHg. Sevoflurane was used to maintain the 
depth of anesthesia during surgery. After the 
surgery, the patient regained consciousness, 
and spontaneous breathing was recovered. 
After the cough reflex was restored, the trache-
al tube was removed and the patient was sent 
to the recovery room.

Intraoperative hypotension: the CG was given 
dexmedetomidine 1 g/kg intravenously for 10 
minutes with continuous infusion at 0.4~0.8 g/
(kg/h) to maintain the concentration. The SG 
was given dexmedetomidine as the CG, and in 
addition was given 1 mg/kg esmolol within 1 
minute, followed by continuous infusion at 
0.4~0.8 mg/(kg/h) to maintain the concentra-
tion. Both groups of patients were required to 
maintain a MAP between 60 and 70 mmHg. If 
ideal blood pressure was not achieved, nitro-
glycerin 1 g/(kg/h) was used to reduce blood 
pressure. The MAP was maintained at 60-70 
mmHg. After the surgery was completed, hemo-
static cotton was inserted into the patient’s 
nasal cavity to stop the bloodloss. 

Monitoring indicator

After the patient entered the operating room, 
extubation MAP and heart rate (HR) at the time 
of before (T0) and 5 min (T1) after anesthesia, 
20 min (T2) and 40 min (T3) after hypotension, 
at the end of surgery (T4) and 10 min (T5) after 
extubation were recorded. The visibility of surgi-
cal field was evaluated according to the scale 
proposed by Fromme and Boezaart (Fromme 
method) by the surgeons [10]. Scoring was as 
follows, 1 point: there was a small amount of 
bleeding, and no need to attract; 2 points: 
there was a small amount of bleeding, with 
occasionally attraction; 3 points: there was a 
small amount of bleeding, it was necessary to 
attract and stop bleeding within a few seconds 
after the suction, which hindered the surgery 
field; 4 points: there was moderate bleeding, it 
was necessary to attract and stop the bleeding 
immediately after the attraction, which hin-
dered the surgical field; 5 points: there was 
severe bleeding, it needed constant attraction 
and severe bleeding occurred, which hindered 
the field. 
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Postoperative sedation [11] was assessed us- 
ing the Ramsay sedation score; 1 point indicat-
ed that the patient showed restlessness; 2 
points indicated that the patient showed quiet-
ness and obeyed instructions; 3 points indicat-
ed that the patient fell asleep and only respond-
ed to instructions; 4 points indicated that the 
patient fell asleep but can still wake up; 5 
points indicated that the patient fell asleep and 
responded to a strong stimulus, the patient is 
deeply asleep and cannot wake up.

Postoperative pain was scored using a Visual 
Analogue Score (VAS) [12]. For the VAS pain 
score, 0 indicated no pain; 1 to 3 indicated mild 
pain; 4 to 7 indicated moderate pain; 8 to 10 
indicated severe pain; > 5 indicated that the 
patient’s quality of life was affected.

Statistical processing

The SPSS version 21.0 statistical software 
(from EASYBIO) was used for analysis, and the 
data was drawn using GraphPad Prism 7. In this 

study, the count data was expressed as [n (%)], 
and the chi-square test was used to compare 
the rates between groups. Measurement data 
are expressed as mean ± standard deviation (x 
± sd). Data from different groups in the same 
time were analyzed by repeated measures an- 
alysis of variance. One-way analysis of variance 
was used for comparison between groups. The 
multiple comparisons between groups were 
performed by LSD-t test. When P<0.05, the dif-
ference was statistically significant. 

Result

Comparison of general data between the two 
groups of patients

There was no difference in the general data 
between the two groups, including gender, age, 
place of residence, weight, education level, eat-
ing habits, history of smoking, drinking status, 
exercise status, operation time, and blood pre- 
ssure reduction time (P > 0.05) (Table 1).

Table 1. Comparison of general data between the two groups [n (%)]/(
_
x±sd)

Group Control group (n=80) Study group (n=80) χ2/F P 
Gender 1.335 0.248
    Male 55 (68.75) 48 (60.00)
    Female 25 (31.25) 32 (40.00)
Age (years) 40.75±8.41 42.12±7.78 1.070 0.286
Weight (Kg) 63.43±12.13 61.43±9.23 1.174 0.2423
Place of residence 1.283 0.257
    City 45 (56.25) 52 (65.00)
    Rural 35 (43.75) 28 (35.00)
Educational level 1.604 0.205
    ≥ High school 34 (42.50) 42 (52.50)
    < High school 46 (57.50) 38 (47.50)
Eating habits 0.108 0.742
    Spicy 28 (35.00) 30 (37.50)
    Light diet 52 (75.00) 50 (62.50)
Smoking history 0.517 0.472
    Yes 61 (76.25) 57 (71.25)
    No 19 (23.75) 23 (28.75)
Drinking status 1.685 0.194
    Never or rarely 35 (43.75) 27 (33.75)
    Always drinking 45 (56.25) 53 (66.25)
Exercise situation 0.909 0.340
    Yes 41 (51.25) 47 (58.75)
    No 39 (48.75) 33 (41.25)
Operation time 99.23±12.34 102.23±13.34 1.477 0.142
Time of hypertension-controlling 82.35±9.23 84.23±10.56 1.199 0.232
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HR changes in the two groups of patients at 
different times 

After 5 minutes of anesthesia (T1), the HR of 
both groups decreased (P<0.05); after con-
trolled hypotension (T2, T3), the HR of both 
groups decreased (P<0.05); after the end of 
blood pressure (T4, T5), the HR of both groups 
increased (P<0.05), but the HR of the SG was 
lower than that of the CG at T4 and T5 (P<0.05) 
(Table 2; Figure 1A).

MAP changes in the two 
groups of patients at differ-
ent time points

MAP of both groups decreased 
at T1, T2, T3 (P<0.05); after 
the end of controlled hypo- 
tension (T4, T5), the MAP of 
both groups increased (P< 
0.05), but the HR of the SG 
was lower than that of the CG 
at T4 and T5 (P<0.05) (Table 
3; Figure 1B).

Comparison of intraoperative 
blood loss and intraoperative 
visual field quality between 
the two groups

The intraoperative blood loss 
(105.69±21.12 ml) in the SG 
was significantly lower than 
that in the CG (124.64±24.11 
ml) (P<0.05). According to the 
Fromme method, the Fromme 
score (2.03±0.11) of the SG 
was lower than that of the  
CG (2.84±0.12) (P<0.05). The 
Ramsay score of the SG was 
(2.82±0.71 points) higher th- 
an that of the CG (1.95±0.76 
points) (P<0.05). The VAS sco- 
re of the SG was (3.82±0.89) 
lower than that of the CG 
(6.55±1.21) (P<0.05). The ti- 
me to reach target blood pres-
sure of the SG was (5.52±1.89 
min) lower than that of the CG 
(7.82±2.31 min) (Table 4).

Comparison of adverse reac-
tions between the two groups

During the operation, both groups had adverse 
reactions, but no allergic reactions occurred. In 
the CG, there were 22 cases (27.50) of nasal 
congestion, 6 cases of running noses (7.50), 18 
cases of dizziness (22.50), 5 cases of olfactory 
hyposensitivity (6.25), 7 cases of sneezing 
(8.75), and 12 cases of chills (15.00). The over-
all adverse reaction rate was 87.50 (70/80). In 
the SG, there were 12 cases of nasal conges-
tion (15.00), 2 cases of running noses (2.50), 
12 cases of dizziness (15.00), 2 cases of olfac-

Table 2. Comparison of HR changes between the two groups at 
different time points (

_
x±sd, mmHg)

HR Control group (n=80) Study group (n=80) t P
T0 78.23±6.56 77.97±6.78 0.247 0.806
T1 68.56±5.34a 69.45±4.67a 1.122 0.264
T2 58.42±5.23a,b 57.15±5.63a,b 1.428 0.141
T3 57.21±5.67a,b 56.74±5.34a,b 0.540 0.590
T4 68.87±6.05a,c,d 60.23±5.23a,b,c,d,# 9.66 <0.001
T5 77.48±6.34b,c,d 66.45±5.78a,b,c,d,e,# 11.499 <0.001
Note: Compared with T0 at each time in the group, aP<0.05; compared with T1, 
bP<0.05; compared with T2, cP<0.05; compared with T3, dP<0.05; compared with 
T4, eP<0.05; compared with CG, #P<0.05.

Figure 1. Comparison of HR and MAP between the two groups.

Table 3. Comparison of MAP changes between the two groups at 
different time points (

_
x±sd, mmHg)

MAP Control group (n=80) Study group (n=80) t P
T0 92.34±6.34 91.75±8.88 0.484 0.629
T1 75.56±6.74a 75.45±6.57a 0.105 0.917
T2 64.42±7.76a,b 64.15±6.63a 0.237 0.813
T3 63.21±6.67a,b 62.74±5.34a 0.492 0.623
T4 81.79±8.24a,b,c,d 72.67±6.28a,b,c,d,# 7.873 <0.001
T5 91.67±7.13b,c,d,e 78.92±6.78a,b,c,d,e,# 11.591 <0.001
Note: Compared with T0 at each time in the group, aP<0.05; compared with T1, 
bP<0.05; compared with T2, cP<0.05; compared with T3, dP<0.05; compared with 
T4, eP<0.05; compared with CG, #P<0.05.
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tory hyposensitivity (2.50), 4 cases of sneezing 
(5.00), and 12 cases of chills (7.50). The overall 
adverse reaction rate was 47.50 (38/80). There 
was no difference in the specific incidence of 
adverse reactions such as nasal congestion, 
running noses, dizziness, olfactory hypothy- 
roidism, sneezing, and chills between the two 
groups (P > 0.05). However, the incidence of 
total adverse reactions in the CG was higher 
than that in the SG (P<0.05) (Table 5).

Discussion

Due to the narrow space and complicated 
structure of the nasal cavity and the dense 
blood vessels of the sinus, it is easy to cause 
bleeding during nasal endoscopic surgery. Even 
a small amount of bleeding can cause the  
surgical field vision to be unclear, and the  
operation cannot be performed smoothly. The 
implementation of controlled hypotension can 
reduce the amount of intraoperative blood loss, 
make the field clear, so that the accuracy of the 
surgery is improved, thereby reducing any acci-
dental injury to the nasal blood vessels [13, 
14]. How to improve the quality of the field is 
the key to ensure the smooth completion of the 
operation. The use of controlled hypotension 
during surgery can reduce and maintain MAP at 
70% of the baseline blood pressure, thereby 
reducing the amount of surgical bleeding and 
improving the quality of the surgical field [15]. 

Table 4. Comparison of surgical Fromme score, bleeding volume, Ramsay score, VAS score, and time 
to reach target blood pressure between the two groups (

_
x±sd)

Group Control group (n=80) Study group (n=80) t P
Fromme score (points) 2.84±0.12 2.03±0.11 44.505 <0.001
Amount of bleeding (ml) 124.64±24.11 105.69±21.12 5.289 <0.001
Ramsay score (points) 1.95±0.76 2.82±0.71 7.482 <0.001
VAS score (points) 6.55±1.21 3.82±0.89 16.256 <0.001
Time to reach target blood pressure (min) 7.82±2.31 5.52±1.89 6.89 <0.001

Table 5. Comparison of adverse reactions between group A and group B [n (%)]
Group Control group (n=80) Study group (n=80) χ2 P
Nasal congestion 22 (27.50) 12 (15.00) 3.735 0.053
Running nose 6 (7.50) 2 (2.50) 2.215 0.137
Dizziness 18 (22.50) 12 (15.00) 1.477 0.224
Decreased sense of smell 5 (6.25) 2 (2.50) 1.345 0.246
Sneeze 7 (8.75) 4 (5.00) 0.879 0.349
Chill 12 (15.00) 6 (7.50) 2.254 0.133
Total incidence 70 (87.50) 38 (47.50) 29.174 <0.001

Therefore, the use of a more effective and safe 
controlled hypotension methods has important 
clinical significance for improving the success 
rate of nasal endoscopic surgery and reducing 
the harm to surgical patients.

Dexmedetomidine is a α2 adrenergic receptor 
agonist with rapid onset, short duration of ac- 
tion and strong analgesic effect. It can reduce 
heart rate and blood pressure by inhibiting the 
release of adrenaline, which is widely used  
in controlled hypotension [16]. Gousheh et al. 
[17] explored the effect of intravenous infusion  
of dexmedetomidine on bleeding during func-
tional endoscopic sinus surgery. It was found 
that intravenous dexmedetomidine significantly 
reduced the amount of bleeding during func-
tional endoscopic sinus surgery. In nasal endo-
scopic surgery, dexmedetomidine can control 
hypotension more effectively, which helps to 
improve the visibility of the surgical field [18]. 

Esmolol is a β blocker that constricts the blood 
vessels of the small mucosal arteries and the 
precapillary sphincter, thereby improving the 
surgical field during endoscopic sinus surgery. 
In addition, it can also slow down HR, reduce 
myocardial contractility and increase diastolic 
time, resulting in decreased venous tension 
and increased venous capacitance [19]. In this 
experimental study, MAP was achieved and 
maintained at 60-70 mmHg in both groups of 
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endoscopic surgeries. This indicates that the 
method of intravenous infusion of dexmedeto-
midine and dexmedetomidine in combination 
with esmolol for controlled hypotension has a 
good effect. 

Sometimes a combination of two or more drugs 
is superior to a single drug. Studies [20] have 
shown that in functional endoscopic sinus sur-
gery, target-controlled infusion of propofol and 
remifentanil combined with dexmedetomidine 
can effectively reduce intraoperative blood loss 
and improve the quality of surgical field of view. 
Studies [21] have shown that dexmedetomi-
dine combined with nitroglycerin was used in 
controlled hypotension in nasal endoscopic 
surgery, which was more effective and safer 
than single-agent nitroglycerin; the dosage of 
nitroglycerin also decreased significantly, and 
operative field quality was better. 

In our study, from beginning of controlled hypo-
tension to the end (T2, T3), HR and MAP of the 
two groups dropped significantly. After the end 
of the controlled hypotension (T4, T5), HR and 
MAP of both groups increased significantly. 
This suggested that both can control hypoten-
sion, but the HR and MAP of the SG were signifi-
cantly lower than those of the CG at T4 and T5. 
This indicated that during nasal endoscopic 
surgery, dexmedetomidine in combination with 
esmolol had a longer duration of hypotension 
than dexmedetomidine alone. 

In sinus functional endoscopic surgery, con-
trolled hypotension can make the visual field 
clear, reduce the vascular tension, improve the 
accuracy of surgery, and reduce the accidental 
injury to nerve vessels, which is of great signifi-
cance to improve the quality of surgery [6]. 
Bajwa et al. [22] compared nitroglycerin, esmo-
lol and dexmedetomidine in the treatment of 
hypotension in functional endoscopic sinus sur-
gery. It was found that dexmedetomidine and 
esmolol provided better hemodynamic stability 
and surgical field visibility than nitroglycerin, 
and dexmedetomidine provided additional ben-
efits of reducing analgesia and providing post-
operative sedation. Bayram et al. [23] com-
pared the effects of magnesium sulfate and 
dexmedetomidine on controlled hypotension in 
functional endoscopic sinus surgery. It was 
found that the use of magnesium sulfate or 
dexmedetomidine showed a significant decre- 
ase in HR from the start of depressurization to 

the end of depressurization. After induction 
and 5 minutes after extubation, the mean arte-
rial blood pressure values of the dexmedetomi-
dine group were significantly lower than those 
of the magnesium sulfate group. In the dexme-
detomidine group, the number of patients 
requiring nitroglycerin was significantly smaller, 
the amount of bleeding was lower, and surgeon 
satisfaction was significantly higher. This sug-
gested that dexmedetomidine can control 
hypotension more effectively, thus helping to 
improve the visibility of surgical field. Yu et al. 
[24] investigated the effect of dexmedetomi-
dine combined with flurbiprofen on remifent-
anil-induced hyperalgesia. Their results sug-
gested that dexmedetomidine combined with 
flurbiprofen may have a synergistic effect in 
preventing pain hypersensitivity in patients 
undergoing laparoscopic-assisted vaginal hys-
terectomy induced by remifentanil. In this study, 
the SG’s Fromme score, bleeding volume, VAS 
score and time to reach target blood pressure 
were lower than the CG, and the Ramsay score 
of the SG was significantly higher than that of 
the CG. The reason for this difference may be 
that the possible synergy between dexmedeto-
midine and esmolol.

In the study of Das A et al. [25], Esmolol and 
dexmedetomidine were respectively used to 
reduce blood pressure in patients undergoing 
functional endoscopic sinus surgery under gen-
eral anesthesia. The results showed that both 
esmolol and dexmedetomidine could effective-
ly control hypotension and the controlled dura-
tion was very close. However, patients with dex-
medetomidine had less blood loss, and it has 
been proved that these two methods of blood 
pressure reduction were safe to maintain the 
MAP at 60~70 mmHg for a short period of time. 
In our study, the adverse reactions of the two 
groups of patients were compared. The results 
showed that there were mild adverse reactions 
in both groups during the operation, but no 
allergic reactions occurred. However, the inci-
dence of total adverse reactions was signifi-
cantly lower in patients with dexmedetomidine 
combined with esmolol than those with dexme-
detomidine alone. This indicated that dexme-
detomidine combined with esmolol was safer 
than controlled hypotension with dexmedeto-
midine alone, and the probability of adverse 
reactions was lower, which improved the safety 
of surgery.
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Although this study showed that dexmedetomi-
dine combined with esmolol had the advantage 
of improving the quality and safety, but there 
were still some shortcomings, such as this 
study did not further study the optimal compo-
nent proportions for controlled hypotension.  
In addition, the possible synergies between  
dexmedetomidine and esmolol have not been 
explored and will be improved in future stu- 
dies.

In summary, in nasal endoscopic surgery, both 
dexmedetomidine alone and dexmedetomidine 
combined with esmolol can effectively control 
hypotension, but the latter has the advantages 
of better blood pressure control quality, less 
pain, and lower probability of adverse reac-
tions, which can improve the safety of nasal 
endoscopic surgery.
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