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Background: The most common complication of thyroid anesthesia is recurrent laryngeal nerve injury, 
and anesthesia drugs affect the intraoperative recurrent laryngeal nerve monitoring indicators, especially 
nerve blockers, which can cause muscle relaxation and affect vocal cord contraction. The purpose of this 
study was to investigate the optimal dose of rocuronium during general anesthesia (GA) during thyroid 
surgery by meta-analysis.
Methods: Chinese and English databases were searched by the combination of “thyroid”, “general 
anesthesia”, and “rocuronium bromide”. Publications which took double dose rocuronium GA surgery as 
the double group and normal dose rocuronium GA surgery as the normal group were included, and Review 
Manager 5.3 (Rev Man 5.3) was employed for meta-analysis.
Results: A total of fifteen publications were included in the meta-analysis and an overall heterogeneity test 
was conducted to obtain the results. Comparison of the operation time between the double group and the 
normal group showed the mean difference (MD): 20.93, 95% confidence interval (CI): (11.48, 30.39) min, 
Z=4.34, I2=94%, and P<0.0001, while that of bleeding volume between the double group and the normal 
group showed the MD: −24.34, 95% CI: (−28.11, −20.58) mL, Z=12.67, I2=91%, and P<0.0001. Comparison 
of drainage volume between the double group and the normal group showed the MD: 24.40, 95% CI: (19.84, 
28.96) mL, Z=10.49, I2=68%, and P<0.0001, and between hospitalization days between the double group and 
the normal group showed the MD: −13.50, 95% CI: (−18.02, −8.97) days, Z=5.85, I2=99%, and P<0.0001. 
Finally, comparison of satisfaction between the double group and the normal group showed risk ratio (RR): 
2.16%, 95% CI: (1.88%, 2.48%), Z=10.91, I2=0, and P<0.0001. Rev Man 5.3 was employed to obtain the 
funnel chart of each observation indicator, and the circles of some publications were concentrated on the 
midline and symmetrical, indicating the research accuracy was high and there was no bias in the publications.
Discussion: This meta-analysis confirmed that a double dose of rocuronium can meet the needs of 
anesthesia induction and GA during thyroid surgery.
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Introduction

Thyroid disease is common, and its annual incidence is 
rising (1). Thyroid diseases that require surgical intervention 
include hyperthyroidism, thyroid cancer, thyroid tumor, and 
nodular goiter. Damage to the recurrent laryngeal nerve 
is a common complication of thyroid surgery (2), and is 
caused by ligation, traction, or cutting of nerve bundles (3).  
Unilateral damage to the nerve may cause hoarseness, while 
bilateral damage may cause breathing difficulties (4). Studies 
have shown the incidence of recurrent laryngeal nerve 
injury during surgery to be about 1.2–10.1%, and if surgery 
was performed again after recurrence, the incidence was 
as high as 18.3–35.6% (5). The monitoring of the function 
of recurrent laryngeal nerve during thyroid surgery plays 
a key role in preventing postoperative complications, and 
narcotic drugs have a great influence on the monitoring 
of the function of recurrent laryngeal nerve. Different 
concentrations of rocuronium have different effects on 
electromyography (EMG) recovery, so it is urgent to find 
the most suitable dose to meet the needs of anesthesia and 
monitoring of recurrent laryngeal nerve.

There are currently two main anesthesia methods for 
thyroid surgery, one of which is cervical plexus anesthesia. 
During this type of operation, the patient is awake and can 
communicate during the procedure. Moreover, surgical 
staff can observe the patient’s pronunciation and damage 
to the nerve in real time (6). Despite this, the procedure 
is rarely used because of the stress being conscious causes 
to the patient (7). Another method of anesthesia is general 
anesthesia (GA), which induces intubation through the 
injection of small doses of non-depolarizing muscle 
relaxants, including rocuronium bromide (8).

Since Lu et al. [2011] (9) proposed the use of rocuronium 
for GA during thyroid surgery in 2015, the dosage has been 
controversial. Hurford et al. [2020] (10) conducted a meta-
analysis and found that in 25 clinical randomized controlled 
double groups, different doses of rocuronium had different 
effects. Continuous advances have resulted in a wealth 
of publications in the field, and it is necessary to evaluate 
current literature to provide a new diagnostic basis for 
clinical thyroid surgery.

The innovation of this study was that systematic 
evaluation and meta-analysis were used to compare 
the EMG recovery of patients undergoing twice-dose 
rocuronium GA surgery and normal rocuronium GA 
surgery, so as to explore the best dose of rocuronium in 
thyroid surgery and avoid adverse reactions caused by 

intravenous anesthesia. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at https://dx.doi.org/10.21037/gs-21-618).

Methods

Literature searching

We searched the  PubMed,  MEDLINE, Embase , 
Chinese Biomedical Literature Database, China National 
Knowledge Network database, WanFang database, VIP 
database, and Google Academic databases. The retrieval 
time was from establishment to November 25th, 2020, 
and composite logic retrieval and Boolean logic retrieval 
were used to select relevant literature. Chinese and English 
databases were searched by the combination of “thyroid”, 
“general anesthesia”, and “rocuronium bromide”. All kinds 
of search words were freely combined, and after searching 
for certain documents for many times, the search engine 
was used to trace the certain documents. The quality of 
literature was evaluated using Review Manager 5.3 (Rev 
Man 5.3) provided by the Cochrane system.

Inclusion and exclusion criteria of publications

The inclusion criteria for publications were as follows: 
(I) randomized controlled trials to explore the effect of 
rocuronium on thyroid GA surgery; (II) subjects were  
18 years or older; (III) the experiment group included 
patients with GA by intravenous rocuronium; (IV) thyroid 
diseases were diagnosed by World Health Organization.

The exclusion criteria were any of the following: (I) 
research objects overlapped each other; (II) repeated 
published articles; (III) animal experiments or thyroid 
tumor cell experiments; (IV) research that can’t contact 
the original author or obtain complete data; (V) research 
literature on non-anesthesia surgery.

Measurement indicators and intervention measures for 
thyroid GA surgery

The measurement indicators used were operation time 
(min), intraoperative blood loss (mL), postoperative 
drainage (mL), hospital stay (d), and patient satisfaction.

The intervention measures in the double group were 
a double dose of rocuronium anesthesia for thyroid 
surgery, and in the normal group this was a normal dose of 
rocuronium.

https://dx.doi.org/10.21037/gs-21-618
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Data extraction

The two researchers independently read the title, abstract, 
and full text of the research, excluded the unqualified 
documents, and read the full text of the documents meeting 
the inclusion criteria to obtain relevant information. If 
duplicate studies were found and published, the latest or 
most comprehensive ones would be included. If the research 
data was incomplete, researcher can further contact the 
author of the research to obtain relevant data, and eliminate 
the research that had not obtained relevant data in the end. 
Finally, the randomized controlled trials were selected, and 
the data were extracted and then cross-checked. If there 
was any disagreement among researchers, the consensus 
conclusion was obtained through discussion.

Bias risk assessment

The Cochrane Handbook 5.1 collaboration network was 
used as a tool for “risk of bias assessment” for randomized 
controlled trials. The evaluation criteria included generation 
of random sequence, blind method, hiding of allocation 
scheme, integrity of data results, and research results. The 
above five aspects were judged, respectively, as “high risk 
bias”, “low risk bias”, and “unclear”.

Literature quality assessment

In this study, the GRADE standard in the Cochrane 
Collaboration was used for quality classification.

Statistical analysis

Stata SE 12.0 was employed for statistical analysis. Mean 
difference (MD), risk ratio (RR), and 95% confidence 
interval (CI) were used to evaluate the statistics of 
rocuronium intravenous GA and Rev Man 5.3’s risk of 
bias assessment chart was utilized to assess the risk bias. 
Each effect was expressed using a 95% CI, and when the 
heterogeneity test showed that P>0.01 and I2<50%, the 
fixed effects model was used for meta-analysis. When the 
heterogeneity test showed that P<0.01 and I2>50%, the 
random effects model was used for meta-analysis.

Sensitivity analysis

The influence on the total combined effect was studied, and 
the research with great influence was excluded. The results of 

random effect model and fixed effect model were compared, 
and the reliability of the combined results were analyzed and 
reflected according to the consistency of the results. Funnel 
chart was used to judge whether there was publication bias.

Results

Search results and basic information of included literature

In total, 427 literatures were obtained by searching the 
database, 438 literatures were obtained by searching the 
register, 129 literatures published repeatedly were excluded, 
75 literatures were rejected as unqualified, 38 literatures were 
excluded for other reasons, and the remaining 623 literatures 
were obtained. Three hundred and seventeen duplicated 
subjects were excluded, leaving 306. The remaining 50 articles 
were excluded from 256 reviews. Thirty-nine reports were 
eliminated. Thirty-six papers were retrieved from websites, 
27 from scientific research institutions, and 18 from citation 
retrieval. After repeated screening, 46 articles were included, 
35 reviews were excluded and 11 articles remained. Seven 
reports were excluded. After multiple combination screening, 
15 literatures were finally included (Figure 1).

The 15 publications which met the inclusion criteria 
included 1,290 patient cases and all involved a blank normal 
group. All publications were small-sample studies, ranging 
from 28 to 112, and all research subjects were over 18 years 
old. The age, operation time, blood loss, drainage volume, 
and length of hospital stay in the double group and normal 
group were described in 11 publications. Basic information 
on the research objects is shown in Table 1.

Results of literature risk bias evaluation

Figures 2,3 show the results of multiple risk bias evaluations 
of the publications drawn by Rev Man 5.3. Among the 15 
randomized controlled experiments, three (11-13) described 
the correct random allocation method, two (14,15) described 
the correct random allocation method and described the 
concealment of the allocation plan in detail, one (16) was 
evaluated by a blind method, and the other (17-25) was 
unblinded. However, as the measurement indicators in 
the latter work were laboratory indicators determined by 
computer, all articles were considered to be blinded correctly.

Comparison of operation time

A total of six publications analyzed the operation time of 
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Figure 1 Search flow chart.
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Table 1 General information of the included literature

First author Year Cases Age (years old)
Operation time  

(min)
Bleeding volume  

(mL)
Drainage volume  

(mL)
Hospitalization days 

(d)

April (11) 2018 38 46.2±8.3 98.34±12.7 13.67±5.4 46.81±14.69 6.6±2.5

Banasiewicz (12) 2011 56 35.7±6.5 103.45±20.34 24.8±7.8 22.6±2.4 4.6±2.8

Barsotti (13) 2019 112 43.1±7.3 83.23±24.98 42±6.88 36.85±12.98 8.3±1.8

Dong (14) 2014 28 50.4±9.7 87.54±15 30.36±6.98 28±11.45 5.0±2.1

Goeller (15) 2014 43 41.6±9.9 112±12 50.84±10.68 56.34±14 3.2±2.1

Han (16) 2015 64 67.6±10.8 76.34±13.6 33.5±8.98 27.4±5.0 3.5±0.3

Hawkins (17) 2012 67 52.8±8.5 45.25±3.45 39.84±13.54 76.7±20.6 5±1.6

Kanazawa (18) 2019 55 48±8.6 68.38±15.98 26.7±10.7 23.9±2.3 9.5±1.45

Palanisamy (19) 2021 54 46.0±8.6 35.36±10.36 58.62±21.64 84±18.6 9.1±5.8

Prabhakar (20) 2016 42 54.3±9.7 59.38±21.34 32±11.5 24.5±4.0 8±1.2

Tachikawa (21) 2019 89 65.3±5.8 32.56±12.84 35.36±18.62 68.56±13.5 4.5±2.3
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Figure 2 Literature risk bias evaluation results.

Figure 3 Bias evaluation results of included literature corresponding 
to multiple risks.

rocuronium GA in randomized controlled trials. There 
were 785 cases in total, 393 cases in the double group, and 
392 cases in the normal group. The overall heterogeneity 
showed the MD: 20.93, 95% CI: (11.48, 30.39) min, 
Z=4.34, I2=94%, and P<0.0001, and the horizontal line of 
the 95% CI of all publications fell on the right side of the 
invalid vertical line. The random effects model was used for 
meta-analysis, and the difference between the double group 
and the normal group was substantial (Figure 4).

The inverted funnel chart of the operation time data 
obtained using Rev Man 5.3 showed that the data was 
relatively concentrated. Moreover, the circles of some 
publications were basically symmetrical with the midline, 
suggesting the research accuracy was high and there was no 
bias in the publications (Figure 5).

Comparison of surgical bleeding

A total of six publication analyzed the bleeding volume of 
rocuronium GA in randomized controlled trials. There 
were 785 cases, with 393 in the double group and 392 
in the normal group. The overall heterogeneity test 
was performed and showed the MD: −24.34, 95% CI: 
(−28.11, −20.58) mL, Z=12.67, I2=91%, and P<0.0001, 
and the heterogeneity between the double groups was 
relatively large. The horizontal lines of the 95% CI of the 
publications all fell to the right of the invalid vertical line. 
The random effects model was used for meta-analysis, and 
the difference between the double group and the normal 
group was substantial (Figure 6). It indicated that the 
amount of bleeding in the double group was significantly 
lower than that in the normal group.

The inverted funnel chart of the surgical bleeding data 
showed that the data was relatively concentrated. Moreover, 
the circles of some publications were basically symmetrical 
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Figure 4 Comparison of operation time between double group and normal group. CI, confidence interval.

Figure 5 Funnel chart of comparison of operation time between the double group and the normal group. SE, standard error; MD, mean 
difference.

Figure 6 Comparison of blood loss between double group and normal group. CI, confidence interval.

with the midline, suggesting that the research accuracy was 
high and there was no bias in the publications (Figure 7).

Comparison of drainage volume

The drainage volume of rocuronium GA in randomized 
controlled trials was analyzed in five publications. There 
were 514 cases in total, with 256 in the double group 
and 258 in the normal group. The overall heterogeneity 

test showed the MD: 24.40, 95% CI: (19.84, 28.96) mL, 
Z=10.49, I2=68%, and P<0.0001, and the heterogeneity 
between the double groups was relatively large. The 
horizontal lines of the 95% CI of the publications all fell 
to the right of the invalid vertical line. The random effects 
model was used for meta-analysis, and the difference 
between the double group and the normal group was 
substantial (Figure 8).

The inverted funnel chart of the drainage volume data 
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Figure 7 Funnel chart of comparison of blood loss between double 
group and normal group. SE, standard error; MD, mean difference.

Figure 8 Comparison of drainage volume between double group and normal group. CI, confidence interval.

Figure 9 Funnel chart of comparison of drainage volume between 
double group and normal group. SE, standard error; MD, mean 
difference.

showed that the data was relatively concentrated. Moreover, 
the circles of some publications were basically symmetrical 
with the midline, suggesting that the research accuracy was 
high and there was no bias in the publications (Figure 9).

Comparison of hospitalization days

Hospitalization days for GA with rocuronium were analyzed 
in a randomized controlled trial which was discussed in four 
publications. There were 372 cases in total, with 186 cases  
in each of the double group and the normal group. The 
overall heterogeneity test showed the MD: −13.50, 95% 
CI: (−18.02, −8.97) days, Z=5.85, I2=99%, and P<0.0001, 
and heterogeneity between the double groups was 
relatively large. The horizontal lines of the 95% CI of the 
publications all fell to the left of the invalid vertical line. 
The random effects model was used for meta-analysis, and 
the difference between the double group and the normal 
group was substantial (Figure 10). The recovery rate of 
patients in the double group was faster than that in the 

normal group.
The inverted funnel chart of the hospitalization days data 

obtained using Rev Man 5.3 showed the data was relatively 
concentrated. Moreover, the circles of some publications 
were basically symmetrical with the midline, suggesting 
the research accuracy was high and there was no bias in the 
publications (Figure 11).

Comparison of satisfaction

Four publications analyzed the satisfaction of GA with 
rocuronium in randomized controlled trials. There were 
465 cases in total, with 230 in the double group and 235 
in the normal group. The heterogeneity test showed, 
RR: 2.16%, 95% CI: (1.88%, 2.48%), Z=10.91, I2=0, and 
P<0.0001, and the horizontal lines of the 95% CI of the 
publications all fell to the right of the invalid vertical line. 
The random effects model showed the difference between 
the double group and the normal group was substantial 
(Figure 12).
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Figure 10 Comparison of hospitalization days between the double group and the normal group. CI, confidence interval.

Figure 11 Funnel chart of comparison of hospitalization days between the double group and the normal group. SE, standard error; MD, 
mean difference.

Figure 12 Satisfaction comparison between double group and normal group. CI, confidence interval.

The inverted funnel chart of the satisfaction data showed 
the data was relatively concentrated, and the circles of some 
publications were basically symmetrical with the midline, 
suggesting the research accuracy was high and there was no 
bias in the publications (Figure 13).

Discussion

The incidence of thyroid diseases is increasing, and 
surgery is the most common treatment (22-24). In case 

of recurrent laryngeal nerve injury, suture should be done 
immediately. In case of bilateral recurrent laryngeal nerve 
injury and besides tracheotomy, surgical exploration 
should be performed as soon as possible, and cartilage 
resection and vocal cord fixation should be performed if 
necessary to enlarge glottis. In order to avoid injury of 
recurrent laryngeal nerve during thyroid surgery, people 
should accumulate experience, familiarize ourselves with 
thyroid anatomy, improve surgical skills and the anatomical 
knowledge related to recurrent laryngeal nerve. During 
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thyroidectomy, dissecting recurrent laryngeal nerve should 
be avoided and posterior capsule should be kept as much 
as possible. When treating the inferior thyroid artery, it 
should be closely attached to the thyroid capsule, so as to 
avoid ligation of the inferior thyroid pole surface and blood 
vessels. When suturing the residual gland tissue, it should 
avoid penetrating the posterior capsule and accidentally 
injuring the recurrent laryngeal nerve (25-27). In this study, 
a meta-analysis was performed to compare double-dose 
and normal dose rocuronium in GA thyroid surgery. Since 
this was a retrospective analysis, the quality of the included 
literature was ideal, and according to the characteristics of 
the surgery, a double-blind method could be used.

The operation time, bleeding volume, drainage volume, 
hospitalization days, and satisfaction of patients undergoing 
a normal (0.3 mg/kg) or double dose of rocuronium  
(0.6 mg/kg) for GA were compared. After the random 
effects models was adopted, the results showed that the 
difference between the double group and the normal group 
was substantial and considerable. The overall heterogeneity 
test for the comparison of operation time showed the MD: 
20.93, 95% CI: (11.48, 30.39) min, Z=4.34, I2=94%, and 
P<0.0001, and for the comparison of bleeding volume 
the MD: −24.34, 95% CI: (−28.11, −20.58) mL, Z=12.67, 
I2=91%, and P<0.0001. Comparison of drainage volume 
between the double group and the normal group showed 
the MD: 24.40, 95% CI: (19.84, 28.96) mL, Z=10.49, 
I2=68%, and P<0.0001, and for hospitalization days the MD: 
−13.50, 95% CI: (−18.02, −8.97) days, Z=5.85, I2=99%, and 
P<0.0001. For the comparison of satisfaction between the 
double group and the normal group, RR: 2.16%, 95% CI: 
(1.88%, 2.48%), Z=10.91, I2=0, and P<0.0001. Rev Man 5.3 

was employed to obtain the funnel chart of each observation 
indicator, and the circles of some publications were 
concentrated on the midline and basically symmetrical with 
the midline, which indicated the research accuracy was high 
and there was no bias in the publications. Aragón-Benedí 
et al. [2021] (28) conducted a meta-analysis which showed 
that compared with a normal group, twice the amount of 
rocuronium could meet the needs of anesthesia surgery.

We found that most of the included publications were in 
English. By comparing each indicator between the double 
group and the normal group, we found that the double 
group had obvious advantages in all aspects. While there 
was a great difference in the amount of bleeding between 
the groups, this result must be viewed with caution as 
the calculation methods were not clearly described in the 
publications and there may have been differences in the 
methods used. The patients listed in this study were mainly 
middle-aged and elderly patients who underwent thyroid 
surgery under GA, and there are some differences in studies 
of adolescents and patients without GA. In addition, the 
sample size included in the meta-analysis was small, so the 
scope of adoption of this study was limited to some extent.

Conclusions

In this study, a compound logic search method was used to 
retrieve 11 articles that took a double dose of rocuronium 
as an anesthetic agent as a double group and a normal dose 
of rocuronium as a normal group. A meta-analysis was then 
conducted to explore the effect of different rocuronium 
doses on thyroid surgery under GA. The results confirmed 
that a double dose of rocuronium can meet the needs of 
anesthesia induction and GA surgery. The limitation of 
this study lies in the high heterogeneity of the research 
objects and the small sample size of the included literature. 
Therefore, it is necessary to expand the sample size to 
conduct clinical randomized controlled experiments for 
further verification. To sum up, this study confirms that 
a double rocuronium dose has a significant advantage in 
thyroid surgery under GA.
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