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INTRODUCTION

Regardless of whether nasal surgery, such as septoplasty and en-
doscopic sinus surgery, is performed under local or general anes-

thesia [1], intraoperative bleeding can cause difficulties with air-
way management [2]. To prevent airway problems during nasal 
surgery, general anesthesia is preferred [3], although it can lower 
capillary resistance and thereby increase the bleeding risk [4]. In 
addition, the medications used for general anesthesia can change 
vascular elasticity and cardiovascular reflexes, such as peripheral 
vasodilation, while decreasing the activity of the sympathetic 
nervous system. Previous in vivo studies showed a decrease in 
vascular resistance in patients under general anesthetics [5]. 

Bleeding during otorhinolaryngologic surgery reduces intra-
operative visibility, which greatly hinders the procedure. Several 
agents, such as beta-blockers, alpha-blockers, and opioids, can 
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Objectives. A systematic review of the literature was conducted to evaluate hypotensive agents in terms of their adverse ef-
fects and associations with perioperative morbidity in patients undergoing nasal surgery.

Methods. Two authors independently searched databases (Medline, Scopus, and Cochrane databases) up to February 2020 
for randomized controlled trials comparing the perioperative administration of a hypotensive agent with a placebo or 
other agent. The outcomes of interest for this analysis were intraoperative morbidity, operative time, intraoperative 
bleeding, hypotension, postoperative nausea/vomiting, and postoperative pain. Both a standard pairwise meta-analy-
sis and network meta-analysis were conducted. 

Results. Our analysis was based on 37 trials. Treatment networks consisting of six interventions (placebo, clonidine, dexme-
detomidine, beta-blockers, opioids, and nitroglycerine) were defined for the network meta-analysis. Dexmedetomi-
dine resulted in the greatest differences in intraoperative bleeding (−0.971; 95% confidence interval [CI], −1.161 to 
−0.781), intraoperative fentanyl administration (−3.683; 95% CI, −4.848 to −2.518), and postoperative pain (−2.065; 
95% CI, −3.170 to −0.960) compared with placebo. The greatest difference in operative time compared with placebo 
was achieved with clonidine (−0.699; 95% CI, −0.977 to −0.421). All other agents also had beneficial effects on the 
measured outcomes. Dexmedetomidine was less likely than other agents to cause adverse effects.

Conclusion. This study demonstrated the superiority of the systemic use of dexmedetomidine as a perioperative hypoten-
sive agent compared with the other five tested agents. However, the other agents were also superior to placebo in im-
proving operative time, intraoperative bleeding, and postoperative pain. 

Keywords. Antihypertensive Agents; Nasal Surgical Procedures; Morbidity; Controlled Hypotension 

https://orcid.org/0000-0002-9248-5572
https://orcid.org/0000-0002-5417-9013
https://orcid.org/0000-0002-8981-2536
https://orcid.org/0000-0002-2838-7820
http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2020.00584&domain=pdf&date_stamp=2021-05-01


Kim DH et al.  Hypotensive Agents in Nasal Surgery    201

be used to maintain a low intraoperative blood pressure, thereby 
reducing intraoperative blood loss and improving visualization 
of the surgical field [6,7]. Traditional meta-analyses of the effects 
of individual agents on blood loss have been conducted, but 
they were inherently limited to direct pairwise comparisons be-
tween a single treatment and a single alternative, whereas multi-
ple treatment options and the ranking thereof were method-
ologically not possible. In contrast, a network meta-analysis 
(NMA) can be used to compare multiple treatment options si-
multaneously, as it combines all direct and indirect evidence 
from randomized controlled trials (RCTs). Moreover, an NMA 
provides a ranking of the assessed treatment options, thus al-
lowing clinicians to choose the most effective treatment [8]. In 
this review, we present the results of our NMA of the efficacy of 
six different hypotensive agents used during nasal surgery. The 
findings can simplify evidence-based clinical decision-making in 
the management of patients undergoing nasal surgery.

MATERIALS AND METHODS

Search strategy and selection of studies 
The search strategy was designed and reviewed by a clinical li-
brarian, who has been an information specialist for more than 
10 years. And the searching of the database such as Medline, 
Scopus, the Cochrane Controlled Register of Trials, and google 
scholar were performed in February 2020. We also tracked the 
reference lists of included studies and checked the existing sys-
tematic reviews to find relevant studies. Parts of the strategies 
are listed in Supplementary Tables 1-3, and diagram of the study 
selection process was presented in Fig. 1. The duplicated and ap-
parently irrelevant studies were excluded through screening ti-
tles and abstracts by two reviewers (DHK, SHH) independently, 
and full texts of potentially eligible articles were assessed for in-
clusion independently by two reviewers once more. Any dis-
crepancy in the selection of literature was resolved by consensus 
or the third author.

All relevant RCTs were included for minimizing the influence 
of the population characteristics such as distribution of age, sex, 
or severity of nasal disease status in the individual studies. All 
enrolled studies evaluated the hypotensive agents in terms of 

their adverse effects and induction of perioperative morbidity in 
patients undergoing nasal surgery. In terms of participants, only 
adult-patients (more than 18 years old) undergoing nasal sur-
gery including mainly endoscopic sinus surgery for chronic rhi-
nosinusitis as well as septoplasty and rhinoplasty were included, 
and the physical condition of enrolled patients was in American 
Society of Anesthesiologists class I (healthy) or II (mild systemic 
disease). Patients with cardiovascular diseases, patients receiving 
cardiovascular active drugs, and patients receiving drugs influ-
encing blood coagulation were excluded. Missing or incomplete 
data in the included studies were directly obtained from the au-
thors. This NMA is reported based on the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses for NMA.

Data extraction and risk of bias assessment
Data from the included studies were extracted using standard-
ized forms and independently examined by the two authors. The 
evaluated outcomes consisted of operative time [1,3,6,9-35], 
mean intraoperative bleeding [1,6,9,12-15,17,22,25-27,33,34, 
36,37], dose of intraoperative fentanyl administered [1,6,13,15, 
19,22,30,32,38], postoperative pain [3,7,10,11,22,33,36,39], 
the occurrence of postoperative nausea and vomiting (incidence 
or percentage of patients) [3,7,10,11,13,19,22,27,29,31,33,39, 
40], and intraoperative hypotension [3,11,13,22,27,32,35,36, 
39,41]. The outcomes were compared with respect to the other 
treatment strategies and the control groups. Data were extracted 
from the included studies regarding patient number, grading 
scale, amount of analgesics, incidence of adverse effects, and P-
values for comparisons of the various agents and respective pa-
tient groups. The risk of bias for each study was evaluated using 
the Cochrane risk of bias tool.

Statistical analysis
The meta-analysis was performed using R 3.5.0 netmeta pack-
age (R Foundation for Statistical Computing, Vienna, Austria). A 
random-effects NMA within a frequentist framework [42] was 
conducted to achieve combined results in the form of standard-

	� Bleeding during otorhinolaryngologic surgery reduces intraop-
erative visibility, which greatly hinders the procedure.

	� Dexmedetomidine showed promise as a perioperative hypo-
tensive agent.

	� Clonidine, dexmedetomidine, beta-blockers, opioids, and ni-
troglycerine improved operative time, intraoperative bleeding, 
and postoperative pain.
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Fig. 1. Diagram of the study selection process.

821 Studies identified

27 Records after 
removal of duplication

37 Articles included in 
meta-analysis for 

diagnostic accuracy

730 Articles excluded after 
screening of title or abstract

27 Articles excluded after full text 
screening (no quantifiable data 

or no relevant data)

64 Included studies
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Table 1. Summary of the studies included in the network meta-analysis  

Study
Patient (male:female)/

age (yr)
ENT operation/

underlying disease
Comparison Outcome measure analyzed

Risk of bias of 
randomized studies

Lee et al.  
(2013) [35]

66 (34:32)/45.5±12.1 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
remifentanil

Surgical time
Adverse effects (hypotension)

Low risk of bias

Polat et al.  
(2015) [39]

90 (60:30)/36 (range,  
     23–53)

Nasal surgery (rhinoplasty, 
septoplasty, ESS)/no  
cardiovascular disease

Dexmedetomidine vs. 
saline

Dexmedetomidine vs. 
remifentanil

Postoperative pain 
Adverse effects (hypotension, 

PONV)

Low risk of bias

Kavalci et al. 
(2013) [28]

60 (34:26)/33.03±12.4 Septoplasty/no  
cardiovascular disease

Dexmedetomidine vs. 
remifentanil

Surgical time Low risk of bias

Gupta et al. 
(2016) [7]

40 (21:19)/34.13±13.03 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
saline

Dose of fentanyl
Postoperative pain 
Adverse effects (hypotension, 

PONV)

Unclear risk of bias

Ozcan et al. 
(2012) [29]

50 (25:25)/36.92±12.67 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
remifentanil

Surgical time
Adverse effects (PONV)

High risk of bias

Kumari et al. 
(2016) [37]

48 (29:17)/36.4±9.7 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
saline

Operative bleeding Low risk of bias

Kaur et al.  
(2016) [30]

 52 (Sex ratio not  
     reported)/36.96±14.94

ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
saline

Surgical time
Dose of fentanyl

Unclear risk of bias

Khurshid et al. 
(2015) [43]

 100 (Sex ratio not  
     reported)/range, 20–60

Nasal surgery (rhinoplasty, 
septoplasty, ESS)/no  
cardiovascular disease

Dexmedetomidine vs. 
saline

Adverse effects (PONV) Unclear risk of bias

Ayoglu et al. 
(2008) [6]

40 (22:18)/34.7±10.6 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
saline

Surgical time
Operative bleeding
Dose of fentanyl

Unclear risk of bias

Xu et al.  
(2016) [31]

60 (40:20)/40.2±11.5 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
saline

Surgical time
Adverse effects (PONV)

Low risk of bias

Gupta et al. 
(2016) [32]

50 (30:20)/31.2±6.7 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
saline

Surgical time
Dose of fentanyl
Adverse effects (PONV)

Unclear risk of bias

Kim et al.  
(2013) [33]

 100 (72:28)/33 (range,  
     20–58)

Nasal surgery (rhinoplasty, 
septoplasty, ESS)/no  
cardiovascular disease

Dexmedetomidine vs. 
saline

Surgical time
Operative bleeding
Postoperative pain
Adverse effects (hypotension, 

PONV)

Low risk of bias

Kim et al.  
(2015) [3]

39 (23:16)/39.2±12.5 ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
remifentanil

Surgical time
Postoperative pain 
Adverse effects (PONV)

Low risk of bias

Karabayirli et al. 
(2017) [34]

50 (26:24)/37 (range,  
     27–46)

ESS/no cardiovascular  
disease

Dexmedetomidine vs. 
remifentanil

Surgical time
Operative bleeding
Surgical field
Adverse effects (PONV)

Low risk of bias

Cardesin et al. 
(2015) [9]

 47 (29:18)/48.3±13.4 ESS/no cardiovascular  
disease

Clonidine vs.  
remifentanil

Surgical time
Operative bleeding

Low risk of bias

Jangra et al.  
(2016) [12]

 20 (10:10)/36.4±9.7 ESS/no cardiovascular  
disease

Beta-blocker (esmolol) 
vs. saline

Surgical time
Operative bleeding

Low risk of bias

Tugrul et al. 
(2016) [14]

 52 (28:24)/43.2±8.3 ESS/no cardiovascular  
disease

Clonidine vs. placebo Surgical time
Operative bleeding

Low risk of bias

Shams et al. 
(2013) [1]

  40 (Sex ratio not  
     reported)/36.1±8.8

ESS/no cardiovascular  
disease

Beta-blocker (esmolol) 
vs. dexmedetomidine

Surgical time
Operative bleeding
Dose of fentanyl

High risk of bias

Jiwanmall et al. 
(2017) [36]

  60 (Sex ratio not  
     reported)/range,  
     18–65

ESS/no cardiovascular  
disease

Clonidine vs. placebo Surgical time
Postoperative pain 
Adverse effects (hypotension)

Low risk of bias

Jabalameli et al. 
(2005) [15]

113 (63:50)/43±12 ESS/no cardiovascular  
disease

Clonidine vs. placebo Surgical time
Operative bleeding
Dose of fentanyl

Unclear risk of bias

(Continued to the next page)
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Study
Patient (male:female)/

age (yr)
ENT operation/

underlying disease
Comparison Outcome measure analyzed

Risk of bias of 
randomized studies

Mohseni and  
Ebneshahidi 
(2011) [17]

84 (50:34)/36±13 ESS/no cardiovascular  
disease

Clonidine vs. placebo Surgical time
Operative bleeding

Low risk of bias

Sajedi et al. 
(2016) [22]

 62 (28/34)/36.36±12.35 ESS/no cardiovascular  
disease

Beta-blocker  
(labetalol) vs.  
dexmedetomidine

Surgical time
Operative bleeding
Dose of fentanyl
Postoperative pain
Adverse effects (hypotension, 

PONV)

Unclear risk of bias

Nair et al.  
(2004) [25]

80 (50:30)/mean, 43.7 ESS/no cardiovascular  
disease

Beta-blocker  
(metoprolol) vs.  
placebo

Surgical time
Operative bleeding

Low risk of bias

Shen et al.  
(2011) [26]

40 (31:9)/45.1±3.4 ESS/no cardiovascular  
disease

Beta-blocker (esmolol) 
vs. placebo

Surgical time
Operative bleeding

Low risk of bias

Bayram et al. 
(2015) [27]

 60 (Sex ratio not  
     reported)/range, 18–65

ESS/no cardiovascular  
disease

Placebo vs.  
dexmedetomidine

Surgical time
Operative bleeding
Adverse effects (hypotension, 

PONV)

Unclear risk of bias

Praveen et al. 
(2016) [38]

60 (41:19)/mean, 31.43 ESS/no cardiovascular  
disease

Nitroglycerin vs.  
dexmedetomidine

Operative bleeding
Dose of fentanyl

Unclear risk of bias

Das et al.  
(2016) [13]

60 (48:12)/38.68±9.72 ESS/no cardiovascular  
disease

Beta-blocker  
(esmolol) vs.  
dexmedetomidine 
vs. clonidine

Surgical time
Operative bleeding
Dose of fentanyl
Adverse effects (hypotension, 

PONV)

Low risk of bias

Bajwa et al. 
(2016) [19]

100 (66:34)/36.4±6.1 ESS/no cardiovascular  
disease

Nitroglycerine vs.  
beta-blocker  
(esmolol) vs.  
dexmedetomidine

Surgical time
Dose of fentanyl
Adverse effects (PONV)

Low risk of bias

Bairy et al.  
(2017) [10]

59 (26:33)/46±15 ESS/no cardiovascular  
disease

Clonidine vs. opioids 
(remifentanil)

Surgical time
Postoperative pain
Adverse effects (PONV)

Unclear risk of bias

Erdivanli et al. 
(2018) [11]

88 (60:28)/39.3±10.6 ESS/no cardiovascular  
disease

Beta-blocker  
(metoprolol) vs.  
opioids (remifentanil)

Surgical time
Postoperative pain
Adverse effects (hypotension, 

PONV)

Low risk of bias

Wawrzyniak et al. 
(2013) [16]

 44 (24/:20)/48.6±7.7 ESS/no cardiovascular  
disease

Clonidine vs. placebo Surgical time Unclear risk of bias

Alkan et al. 
(2019) [18]

60 (43:17)/39 (range,  
     18–65)

ESS/no cardiovascular  
disease

Beta-blocker (esmolol) 
vs. opioids  
(remifentanil) vs.  
nitroglycerin

Surgical time High risk of bias

EL-Shmaa et al. 
(2017) [20]

60 (25:35)/47.6±8.3 ESS/no cardiovascular  
disease

Nitroglycerin vs.  
beta-blocker  
(labetalol)

Surgical time Low risk of bias

Srivastava et al. 
(2013) [21]

52 (29:23)/36.27±12.42 ESS/no cardiovascular  
disease

Beta-blocker  
(esmolol) vs.  
nitroglycerin

Surgical time Low risk of bias

Wawrzyniak et al. 
(2014) [24]

26 (16:10)/41.4±14.4 ESS/no cardiovascular  
disease

Clonidine vs.  
placebo

Surgical time Low risk of bias

Rahimzadeh et al. 
(2012) [41]

88 (52:36)/25.9±7 Nasal surgery (rhinoplasty, 
septoplasty, ESS)/no  
cardiovascular disease

Beta-blocker  
(esmolol) vs.  
placebo

Adverse effects (hypotension) High risk of bias

Aksu et al.  
(2009) [40]

40 (25:15)/25.05±9.11 Rhinoplasty/no  
cardiovascular disease

Dexmedetomidine vs. 
opioids (remifentanil)

Adverse effects (hypotension) Unclear risk of bias

Values are presented as mean±standard deviation otherwise indicated.
ESS, endoscopic sinus surgery; PONV, postoperative nausea and vomiting.

Table 1. Continued
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ized mean differences and 95% confidence intervals (95% CIs) 
for use across all studies to assess operative time, mean intraop-
erative bleeding, intraoperative fentanyl dose administered, and 
postoperative pain. In all other cases, the outcomes of the inci-
dence analysis were assessed using odds ratios. To rank treat-
ment options graphically, the surface under the cumulative rank-
ing curve (SUCRA) and mean ranks were adopted. SUCRA 
represents the probability of a treatment ranking best [44]. In 
this study, SUCRA ranged from 0 to 1, with 1 indicating that the 
treatment option was statistically best and 0 the worst. Direct 
and indirect comparisons were adequately homogeneous. A 
loop-specific approach was used to distinguish heterogeneity in 
all triangular or quadratic loops in the NMA model [45]. The 
discrepancy between direct and indirect evidence with the 95% 
CI was used to distinguish heterogeneity in all loops. Heteroge-
neity was defined as the difference between direct and indirect 
evidence with a 95% CI excluding 0. The node-splitting model 
was used to distinguish heterogeneity between the direct and 
indirect evidence [46]. In addition, we made comparison-adjust-
ed funnel plots to assess potential publication bias [47].

RESULTS

The literature review yielded 37 studies containing 1945 partici-
pants. Table 1 shows the results of the bias assessment and the 
study characteristics. Clonidine had the greatest effect on opera-
tive time compared with placebo (−0.699; 95% CI, −0.977 to 
−0.421), followed by dexmedetomidine (−0.466; 95% CI, −0.705 
to −0.226), opioids (−0.418; 95% CI, −0.728 to −0.108), nitro-
glycerin (−0.260; 95% CI, −0.651 to 0.132), and beta-blockers 
(−0.253; 95% CI, −0.554 to 0.048) (Fig. 2A). In terms of intra-
operative fentanyl administration, dexmedetomidine had the 
greatest effect compared with placebo (−3.683; 95% CI, −4.848 
to −2.518), followed by nitroglycerin (−1.491; 95% CI, −3.224 
to 0.242), beta-blockers (−1.039; 95% CI, −2.739 to 0.661), and 
clonidine (−0.417; 95% CI, −2.022 to 1.188) (Fig. 2B). The great-
est effect on intraoperative bleeding compared with placebo was 
achieved with dexmedetomidine (−0.971; 95% CI, −1.161 to 
−0.781), followed by nitroglycerin (−0.945; 95% CI, −1.420 to 
−0.470), opioids (−0.691; 95% CI, −0.968 to −0.414), clonidine 
(−0.571; 95% CI, −0.768 to −0.374), and beta-blockers (−0.437; 
95% CI, −0.650 to −0.225) (Fig. 2C). The greatest effect on post-
operative pain compared with placebo was observed for dexme-
detomidine (−2.065; 95% CI, −3.170 to −0.960), followed by 
beta-blockers (−1.414; 95% CI, −3.059 to 0.232), clonidine 
(−1.151; 95% CI, −2.519 to 0.218), and opioids (−0.764; 95% 
CI, −2.054 to 0.526) (Fig. 2D). Intraoperative and postoperative 
morbidities were in part attributed to the adverse effects of the 
hypotensive agents evaluated. The binary outcomes of hypoten-
sion and nausea/vomiting showed no significant differences in 
intraoperative or postoperative morbidities between the treated 

and control groups (Fig. 2E and F). 
An evaluation of whether the direct and indirect comparisons 

were sufficiently similar in the NMA showed no global inconsis-
tencies regarding intraoperative bleeding (P=0.255), hypotension 
(P=0.222), nausea and vomiting (P=0.080), pain (P=0.617), in-
traoperative fentanyl administration (P=0.151), or operative time 
(P=0.674). Additionally, there were no local inconsistencies among 
outcomes, except for direct (−0.217) and indirect (−0.710) com-
parisons of operative time for clonidine. However, this discrep-
ancy only involved the effect size, which may not be meaningful 
for assessing the effectiveness of a hypotensive agent (Supple-
mentary Tables 4-9).

Results of the ranking hierarchy
Table 2 shows that dexmedetomidine was superior in terms of 
pain, intraoperative bleeding, and intraoperative fentanyl admin-
istration and ranked second in terms of operative time. There 
were no statistically significant differences among the tested 
agents with respect to intraoperative hypotension and postoper-
ative nausea, although dexmedetomidine ranked first and sec-
ond in postoperative nausea and intraoperative hypotension, re-
spectively. Clonidine ranked first in terms of operative time. Ni-
troglycerin ranked second in terms of intraoperative bleeding 
and intraoperative fentanyl administration, but it was not evalu-
ated for hypotension or postoperative pain.

Detection of publication bias
In all six comparison-adjusted funnel plots (Fig. 3), the scatter 
plots with the same symbols were visually symmetrical, mean-
ing that publication bias was relatively low for operative time, 
intraoperative fentanyl administration, intraoperative bleeding, 
postoperative pain, hypotension, and nausea and vomiting. A 
linear regression test of funnel plot asymmetry also showed no 
significant publication bias (P>0.05).

DISCUSSION

Previous meta-analyses have documented the efficacy of several 
hypotensive agents in decreasing intraoperative bleeding and 
improving the surgical view during nasal surgery, especially 
when performed endoscopically [48-52]. However, the limita-
tions of these studies hindered their clinical relevance, as they 
consisted of conventional pairwise meta-analyses, which can 
compare only two treatments, but cannot assess multiple treat-
ments or provide a ranking of their effectiveness [42]. This 
makes it difficult for clinicians to select the optimal treatment 
among several treatments demonstrated to be effective in previ-
ous meta-analyses. 

NMA is a novel analytic approach that enables simultaneous 
comparisons of multiple interventions. It also allows quantita-
tive comparisons of treatments that previously had not been 
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Fig. 2. Evidence structure of eligible comparisons (left) and forest plots (right) for the network meta-analysis. (A) Operative time, (B) fentanyl 
administration, (C) intraoperative bleeding, (D) postoperative pain, (E) hypotension, and (F) nausea and vomiting. Lines indicate direct com-
parisons in the eligible randomized controlled studies (RCTs). The width of the lines represents the number of RCTs for each pairwise compari-
son. The standardized mean differences and relative risks of intraoperative and postoperative events are shown. SMD, standardized mean dif-
ference; CI, confidence interval; OR, odds ratio.

A

B

C

D

E

F



206    Clinical and Experimental Otorhinolaryngology    Vol. 14, No. 2: 200-209, May 2021

compared directly [53], by using direct and indirect data and 
combinations of evidence from different dimensions [8]. This 
study utilized NMA to resolve the limitations of previous stud-
ies of nasal surgery that examined single, rather than multiple, 
treatment options. Specifically, we conducted a systematic re-
view using an NMA to rank the effects of six agents used to in-
duce intraoperative hypotension based on intraoperative and 
postoperative morbidity endpoints.

Although they have no direct sympathomimetic effects and 
do not influence vasodilation, opioids, in particular remifentanil, 
reduce surgical blood loss by effectively lowering heart rate, car-
diac output, and blood pressure without the need for other hy-
potensive agents [35]. Based on recent reports, we defined six 

intervention groups—placebo, clonidine, dexmedetomidine, be-
ta-blockers, nitroglycerine, and opioids—and constructed treat-
ment networks for the NMA. All of the studied agents showed 
beneficial effects on reducing intraoperative bleeding, but only 
dexmedetomidine had positive effects on all of the other exam-
ined outcomes (operative time, intraoperative fentanyl adminis-
tration, and postoperative pain) and ranked highest compared 
with placebo for all outcomes except operative time. Clonidine 
had the greatest effect on reducing operative time, but it did not 
significantly reduce either intraoperative fentanyl administration 
or postoperative pain. Although none of the hypotensive agents 
evaluated were associated with significant adverse effects, such 
as severe hypotension or nausea/vomiting, the best results were 

Table 2. Ranked probabilities of the effectiveness of different treatments on the incidence of nausea and vomiting, hypotension, postoperative 
pain, intraoperative bleeding, intraoperative fentanyl administration, and operative time

Treatment
Nausea Hypotension Pain Blood loss Intraoperative fentanyl Operative time

SUCRA (%) Rank SUCRA (%) Rank SUCRA (%) Rank SUCRA (%) Rank SUCRA (%) Rank SUCRA (%) Rank

Placebo 0.602 2 0.373 4 0.055 5 0 6 0.117 5 0.030 6
Beta-blocker 0.273 6 0.752 1 0.642 2 0.247 5 0.471 3 0.335 5
Clonidine 0.368 5 0.173 5 0.538 3 0.908 1 0.100 1 0.702 2
Dexmedetomidine 0.954 1 0.749 2 0.934 1 0.583 3 - - 0.604 3
Opioids 0.383 4 0.453 3 0.332 4 0.842 2 0.632 2 0.357 4
Nitroglycerin 0.420 3 - - - - 0 6 0.117 5 0.030 6

SUCRA, surface under the cumulative ranking curve.
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obtained with dexmedetomidine.
Dexmedetomidine is a highly selective alpha 2-adrenoceptor 

agonist that reduces intraoperative bleeding by lowering blood 
pressure, thereby achieving hemodynamic stability [50]. Addi-
tionally, dexmedetomidine exerts both sedative and analgesic 
effects without suppressing the respiratory response [2]. The 
control of intraoperative bleeding contributes to successful sur-
gery by improving visualization of the operating field. When in-
traoperative bleeding occurs, surgeons must pause the procedure 
for bleeding control to restore the surgical view, increasing the 
operative time [7,31]. This explains the relationship between in-
traoperative bleeding and operative time in our study and the 
ability of dexmedetomidine to reduce both.

The stress associated with nasal surgery stimulates the sympa-
thetic nervous system [54]. Opioids have been used to prevent 
sympathetic stimulation and to provide hemodynamic stability 
during surgery [55]. However, some studies have shown that 
opioids also reduce intraoperative bleeding and provide a clear 
surgical view, while others have reported side effects such as 
nausea/vomiting, respiratory depression, pruritus, sinus brady-
cardia, and hypotension [7]. Dexmedetomidine alleviates stress-
induced responses and provides relatively stable hemodynamics 
during surgery [7,54]. Our study found that fentanyl administra-
tion was significantly lower in the dexmedetomidine group than 
in the placebo group. These results demonstrate the efficient 
sympatholytic and analgesic-sparing properties of dexmedeto-
midine [55,56]. 

Postoperative pain related to nasal surgery significantly affects 
patient recovery and requires early and often aggressive man-
agement [57]. Surgical trauma itself stimulates nociception and 
postoperative pain, but it also induces the release of inflamma-
tory mediators from immune cells and non-neuronal cells, re-
sulting in peripheral sensitization, while the partial peripheral 
nociceptive stimulus may directly cause central sensitization 
[57]. Dexmedetomidine inhibits the increased release of inflam-
matory cytokines and exhibits analgesic effects by acting on al-
pha-2 receptors within the locus coeruleus and spinal cord [7]. 
These actions inhibit both peripheral and central sensitization, 
thereby alleviating postoperative pain. In this study, dexmedeto-
midine significantly reduced postoperative pain but opioids did 
not, perhaps because hyperalgesia is one of the side effects of 
opioids [32]. Thus, the overall results showed that dexmedetomi-
dine provides sufficient adjuvant efficiency for patients under 
general anesthesia.

Nausea/vomiting and hypotension are common adverse ef-
fects of hypotensive drugs. In this study, there was no statistical-
ly significant difference in the incidence of perioperative adverse 
effects between the treatment and control groups. Previous 
studies have shown that a slow loading dose of dexmedetomi-
dine (1 μg/kg over 10 minutes and continuous infusion at 0.3–
0.7 μg/kg/hr) can reduce the development of adverse effects 
[7,58]. The safe administration protocols adopted by the studies 

included in our NMA explain the absence of a significant differ-
ence in the frequency of adverse effects. 

Our results suggest that dexmedetomidine use in patients un-
dergoing nasal surgery can improve surgical outcomes without 
serious side effects. Compared with the other hypotensive 
agents evaluated in our NMA, dexmedetomidine exhibited simi-
lar or superior effects in controlling postoperative pain and 
blood pressure. 

However, it should be noted that some of the included studies 
enrolled small number of patients or performed comparisons 
based only on indirect evidence. We were also unable to control 
for the drug administration protocol. In addition, although ob-
taining a larger sample size via an NMA could enhance reliabili-
ty and might be clinically useful [47], NMAs have limitations as 
a statistical method that only assesses computable and numeri-
cal information. In particular, unpredictable and difficult-to-
quantify variables such as surgeon-related factors or the system 
of each hospital can affect outcomes [59]. Therefore, the findings 
of this study that dexmedetomidine showed good results for in-
traoperative bleeding and that clonidine showed favorable re-
sults for operative time might have been affected by unpredict-
able variables. Thus, care should be taken when interpreting 
these clinical results.

The results of our NMA showed that the systemic use of dex-
medetomidine can decrease surgery-related pain without ad-
verse effects, such as nausea/vomiting and significant hypoten-
sion, and thus may decrease the need for postoperative analge-
sics. However, prior to surgery, clinicians must inform patients 
about the intraoperative use of hypotensive agents. 
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