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Background: Minimally invasive esophagectomy (MIE) can lead to a severe complication known as 
recurrent laryngeal nerve paralysis (RLNP). Existing literature supports that recurrent laryngeal nerve 
(RLN) injury is the principal etiology of RLNP, a complication potentially mitigated through intraoperative 
neuromonitoring (IONM). In this study, we examined the comprehensive effectiveness of IONM during 
esophageal resection by performing a meta-analysis. 
Methods: We searched the EBSCO Information Services (EBSCO), PubMed, China National Knowledge 
Infrastructure (CNKI), Excerpta Medica Database (EMBASE), and Cochrane libraries for all relevant 
literature up to the 1st of November 2022. Search terms included ((esophageal cancer [MeSH Terms]) OR 
(esophageal cancer [Title/Abstract])) AND (((Recurrent Laryngeal Nerve [MeSH Terms]) OR (Recurrent 
Laryngeal Nerve [Title/Abstract])) OR (nerve monitoring [Title/Abstract])). 
Results: The primary outcome of this study was the incidence of postoperative RLNP. In addition to 
the secondary outcomes, we also assessed the sensitivity and specificity of IONM, as well as the positive 
and negative predictive values of IONM, post-esophageal complications, lymph node dissection, operative 
time, intraoperative bleeding, and hospital stay. Two investigators conducted independent screening of the 
literature, extraction of data, and assessment of study quality based on stringent inclusion and exclusion 
criteria. The relative risk (RR) with 95% confidence intervals (CIs) was calculated using either a fixed or 
random-effects model. Meta-analysis was conducted using RevMan 5.4 software. Following thoracoscopic 
esophageal surgery, 10 of 1,362 studies identified were significantly associated with a reduced rate of RLNP 
following IONM (RR: −0.15, 95% CI: −0.21 to −0.09; P<0.001). In the IONM group, the incidence of 
pneumonia was significantly lower compared to the non-IONM group (RR: 0.65; 95% CI: 0.43 to 0.98; 
P<0.05). In comparison to non-IONM group, the IONM group experienced significantly higher rates of 
mediastinal lymph node dissection (mean difference: 3.69; 95% CI: 2.39 to 5.00; P<0.001). Non-IONM 
patients had a significantly shorter hospital stay than IONM patients (mean difference: −13.40; 95% CI: 
−19.97 to −6.83; P<0.001). IONM patients had significantly lower mean bleeding volumes than non-IONM 
patients, according to the pooled analysis (mean difference: −68.15; 95% CI: −114.33 to −21.97; P<0.01). In 
the non-IONM and IONM groups, there was no significant difference in operation time (mean difference: 
−1.35; P>0.05). 
Conclusions: Collectively, the findings from this systematic review and meta-analysis suggest that during 
MIE, IONM is linked to a reduced rate of RLNP and postoperative pneumonia, as well as enhanced efficacy 
in lymphadenectomy for esophageal cancer (EC); furthermore, both hospital stay and blood loss are reduced. 
However, IONM has no significant benefit in reducing operative time.
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Introduction

Esophageal cancer (EC) exhibits a notably high incidence 
in certain regions of China. Endoscopy and neoadjuvant 
chemoradiotherapy have made significant advances, but 
EC patients still have an unfavorable prognosis. Currently, 
surgical resection remains the primary treatment modality 
for EC patients (1).

EC is characterized by its high malignancy and 
lethality. In Western countries, EC is primarily caused 
by adenocarcinoma. In contrast, EC is mostly caused by 
squamous cell carcinoma in China (2). A critical aspect of 
treatment for EC is the dissection of the mediastinal lymph 
nodes; this process is conducive to the evaluation of both 
clinical stage and prognosis. The recurrent laryngeal nerve 
(RLN) lymph node is the most common site of lymph 
node metastasis in EC, and RLN dissection is necessary 

to improve the prognosis. In contrast, RLN damage can 
occur after lymphadenectomy in the area of the RLN 
during esophagectomy. There is an incidence of RLN 
injury ranging from 1% to 45.3%, depending on the extent 
of lymphadenectomy performed (3). Recurrent laryngeal 
nerve paralysis (RLNP) can also occur; this is due to the 
anatomical location of the RLN and indirect damage caused 
by intraoperative compression, traction, thermal damage or 
ischemia (4).

The RLN is responsible for coordinating the movement 
of the vocal cords by innervating the laryngeal muscles 
(excluding the cricothyroid muscle). The RLN is usually 
damaged when the vocal cords are paralyzed, manifesting 
as hoarseness or aphasia, or experience severe respiratory 
problems, and can even cause serious complications such 
as aspiration and pneumonia via the pulmonary reflex. 
Previous research has shown that RLN palsy is associated 
with a higher incidence of pneumonia [odds ratio (OR): 
6.210; 95% confidence interval (CI): 2.728 to 14.480; 
P<0.0001] (5). Damage to these critical nerves is notably 
frequent when complete lymphadenectomy is performed 
in close proximity to the RLN. A range of 14.0–45.3% 
of patients suffer from RLNP following esophagectomy, 
according to the degree of lymph node dissection (6). While 
RLNP can sometimes resolve temporarily, there is evidence 
that it is a risk factor for pulmonary complications (4).  
Further research is necessary to develop strategies for 
protecting the RLN during esophageal surgery. 

Intraoperative neuromonitoring (IONM), a method used 
for nerve recognition in thyroid surgery, has been shown to 
be an effective strategy to protect the RLN. IONM displays 
changes in the electromyographic activity of the vocal cord 
muscles via both visual and auditory signals (7). The IONM 
system can detect pharyngeal muscle contractions using 
a specialized tube equipped with electrodes. When the 
stimulation probe contacts the RLN, electrical stimulation 
causes the vocal cord muscle to contract; the IONM system 
identifies this event through electromyogram (EMG) signals 
and also monitors vocal fold activity using auditory signals (8,9).

When the RLN is affected during lymph node dissection, 

Highlight box

Key findings 
•	 Intraoperative neuromonitoring (IONM) in minimally invasive 

esophagectomy (MIE) has been shown to significantly reduce the 
risk of surgical complications, enhancing patient outcomes and 
overall safety.

What is known and what is new? 
•	 IONM has been widely adopted in thyroid surgery, where it 

has demonstrated its value in preventing nerve damage, thereby 
improving patient outcomes.

•	 This manuscript adds recent evidence suggesting that IONM in 
esophagectomy can similarly reduce the incidence of recurrent 
laryngeal nerve paralysis, a serious complication associated with 
this procedure. Additionally, its application in MIE has been linked 
to a decrease in other postoperative complications and a shorter 
hospital stay, further underscoring its potential benefits.

What is the implication, and what should change now?
•	 The successful application of IONM in MIE highlights its 

feasibility and effectiveness in this context. Given these positive 
outcomes, it is recommended that the use of IONM be expanded 
and routinely applied in MIE procedures to enhance patient safety 
and surgical success.

Keywords: Intraoperative neuromonitoring (IONM); esophagectomy; recurrent laryngeal nerve (RLN); 

esophageal cancer (EC); nerve monitoring

Submitted Jun 25, 2024. Accepted for publication Oct 24, 2024. Published online Dec 17, 2024.

doi: 10.21037/jtd-24-1024

View this article at: https://dx.doi.org/10.21037/jtd-24-1024 



Wu et al. IONM of the RLN during esophagectomy8552

© AME Publishing Company. J Thorac Dis 2024;16(12):8550-8564 | https://dx.doi.org/10.21037/jtd-24-1024

the function of the vocal cord muscle may be compromised, 
resulting in its unresponsiveness to electrical stimulation. 
This loss of response (LOR) occurs due to the absence of 
action potentials during IONM stimulation. Following 
lymph node dissection around the RLN, a signal reduction 
of >50% (L2/L1 <50% or R2/R1) is considered as a 
reduction of signal (ROS). An EMG waveform amplitude of 
0 [loss of signal (LOS)] indicates the inability to detect R2 
and L2. Both ROS and LOS are known as key abnormalities 
on the IONM system (10). 

There have been many reports of IONM being used 
in esophagectomy in recent years, and the feasibility and 
effectiveness of IONM to protect the RLN has been 
investigated over time. The purpose of this systematic 
review and meta-analysis was to determine the extent to 
which IONM protects the RLN during esophagectomy in 
the presence of EC. We present this article in accordance 
with the MOOSE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-24-1024/rc).

Methods 

Literature search and selection 

We searched the EBSCO, PubMed, EMBASE, CNKI, and 
Cochrane libraries for all relevant literature up to the 1st of 
November 2022. Search terms included ((esophageal cancer 
[MeSH Terms]) OR (esophageal cancer [Title/Abstract])) 
AND (((Recurrent Laryngeal Nerve [MeSH Terms]) OR 
(Recurrent Laryngeal Nerve [Title/Abstract])) OR (nerve 
monitoring [Title/Abstract])). Patients diagnosed with EC 
who underwent esophagectomy were included in the study 
to compare IONM and non-IONM outcomes.

The specific inclusion criteria were as follows: (I) 
comparative studies between IONM and non-IONM 
groups; (II) randomized controlled trials or observational 
studies (cohort and case-control); and (III) it was required 
that studies report at least one relevant outcome. Non-
comparative studies, review articles, abstracts, case reports, 
editorials, expert opinions, studies in simulated settings, and 
robotic surgery studies were excluded in order to control 
for variables and other factors.

Data extraction and quality assessment

Data were retrieved independently from the identified 
studies by two authors (J.J. and Z.X.) and any differences 
were resolved by discussion. Each study provided data 

on the following: author, year of publication, study 
design, number of patients, sex, smoking status, alcohol 
consumption, tumor location, pathological type, and 
neoadjuvant therapy, American Joint Committee on 
Cancer (AJCC) staging, incidence of RLNP, number of 
dissected lymph nodes, operative blood loss, operation time, 
postoperative pneumonia, aspiration, and length of stay in 
the hospital.

Using the Newcastle-Ottawa Scale, high-quality studies 
were defined as those having a score greater than 6. Two 
authors conducted quality assessments independently (Z.Z. 
and W.W.). Additionally, a third author (L.Z.) was consulted 
when discrepancies arose.

Statistical analysis

Heterogeneity among studies was assessed using the 
Higgins I2 statistic using Review Manager software (version 
5.4) (11). If high levels of heterogeneity were evident, 
then we used the random-effects model for estimation. 
Whenever there was a low level of heterogeneity, the fixed 
effects model was used. In high heterogeneity conditions, 
sensitivity analysis was performed. For dichotomous 
outcomes, combined ORs and their corresponding 95% CIs 
were estimated. Analyzing dichotomous data was conducted 
using Mantel-Haenszel methods, and analysis of continuous 
data was conducted using inverse variance methods. We 
assessed publication bias using funnel plots qualitatively. 
Sample size, median, range, and/or interquartile range were 
utilized to estimate the sample mean and standard deviation, 
following the methodology described by Wan et al. (12).

The research program has been registered with 
PROSPERO (registration number: CRD42022338327).

Results

Literature search

Initially, 1,362 studies met the inclusion criteria based on 
a literature search across five electronic databases. Four 
studies did not compare IONM with non-IONM after 
screening, but IONM was not compared with non-IONM 
in the remaining 15 studies assessed for eligibility. And one 
case report on IONM along with four conference abstracts 
were inaccessible in full text. Ultimately, ten retrospective 
cohorts (10,13-21) were included. The studies included 
1,227 patients with EC who underwent thoracoscopic 
esophagectomy. A total of 672 and 545 patients underwent 
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IONM and non-IONM procedures, respectively. The 
PRISMA flowchart of the patients identified in the trial is 
shown in Figure 1.

Patient characteristics 

Table 1 presents a comprehensive overview of baseline 
patient characteristics. In brief, the mean age of patients 
in the IONM group ranged from 59.94 to 72 years. The 
average age of patients in the non-IONM group was 56.16 
to 72 years. Tumor location was consistently reported across 
all trials, with a predominant localization in the middle and 
lower esophagus. Nearly all studies provided information 
on pathological tumor types, predominantly involving 
squamous cell carcinoma, except for five trials. 

According to the AJCC, all studies included in the 
analysis reported cancer stage. There were no statistically 
significant differences in cancer stage observed between the 
IONM and non-IONM groups.

RLNP analyses

In this analysis, RLNP was reported as a surgical outcome 
in all studies, including Zhong et al.’s (22), which reported 
occurrence in IONMs as well as non-IONMs. Table 2 
presents detailed IONM results. Non-IONM group 
incidence ranged from 9.8% to 53.3%, while IONM group 
incidence ranged from 0% to 46.3%. IONM significantly 
reduced the incidence of RLNP after thoracoscopic 
esophagectomy, according to a pooled analysis (Figure 2). 
Among these, the IONM group was found to be correlated 
with signal loss during surgery and subsequent RLNP in 
eight studies.

Lymph node dissection and surgical outcome

Table 3 provides details about the lymph node dissection and 
surgical outcomes of all studies that dissected mediastinal 
lymph nodes. In the non-IONM group, participants were 

Figure 1 The PRISMA flowchart. *, consider, if feasible to do so, reporting the number of records identified from each database or register 
searched (rather than the total number across all databases/registers); **, if automation tools were used, indicate how many records were 
excluded by a human and how many were excluded by automation tools.

Identification of studies via databases and registers

Records identified from*:
•	Databases (n=1,402)
•	Registers (n=5)

Records screened
(n=1,362)

Reports sought for retrieval
(n=490)

Reports assessed for eligibility
(n=15)

Studies included in review
(n=10)

Reports of included studies
(n=10)

Records removed before screening:
•	Duplicate records removed (n=2)
•	Records marked as ineligible by 

automation tools (n=40)
•	Records removed for other reasons (n=3)

Records excluded**
(n=872)

Reports not retrieved
(n=475)

Reports excluded:
•	Meeting abstracts (n=4)
•	Case report (n=1)
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Table 1 A comprehensive overview of baseline patient characteristics

Group
Fujimoto  
2021 (13)

Hikage  
2017 (14)

Huang  
2022 (15)

Kobayashi 
2018 (16)

Komatsu 
2022 (17)

Takeda  
2021 (18)

Wong  
2021 (19)

Yuda  
2022 (20)

Zhao  
2022 (10)

Zhong  
2014 (21)

Study design Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Retrospective 
cohort

Patients

IONM 17 54 38 31 25 84 157 142 70 54

Non-IONM 15 54 37 56 16 83 98 45 80 61

Age (years)

IONM 66.33 68 [41–84] 60.18±8.99 67 [53–77] 72 [53–81] 68 [45–86] 66 [61–72.5] 65.9±8.10 62.99±8.81 59.94±8.966

Non-IONM 69.47 65 [49–80] 56.16±9.78 67.5 [53–80] 72 [50–85] 66 [47–81] 64 [58–72.3] 67.6±6.60 61.96±7.12 58.93±9.593

Male

IONM 13 49 34 25 19 70 122 118 59 45

Non-IONM 15 41 34 44 10 72 82 77 70 49

Smoking history

IONM 12 44 25 28

Non-IONM 11 45 44 40

Alcohol history

IONM 12 27

Non-IONM 11 40

Location of tumor

IONM

Ut 4 8 27 5 3 21 13 16 5

Mt 8 25 10 13 38 85 76 45 42

Lt 4 13 11 16 9 25 49 50 20 12

Ae 1 8 0

Non-IONM

Ut 1 3 24 6 3 16 17 7 6

Mt 11 29 23 7 41 54 25 49 46

Lt 3 16 13 25 6 26 19 13 25 15

Ae 0 6 2

Pathological type

IONM

SCC 16 46 33 26 133

AC 1 5 4 3 5

Others 0 3 1 2 4

Table 1 (continued)
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Table 1 (continued)

Group
Fujimoto  
2021 (13)

Hikage  
2017 (14)

Huang  
2022 (15)

Kobayashi 
2018 (16)

Komatsu 
2022 (17)

Takeda  
2021 (18)

Wong  
2021 (19)

Yuda  
2022 (20)

Zhao  
2022 (10)

Zhong  
2014 (21)

Non-IONM

SCC 15 48 34 51 39

AC 0 4 2 2 3

Others 0 2 1 3 3

NAC

IONM 10 19 23 14 19 64 90 25 45

Non-IONM 6 6 17 25 11 34 24 23 49

AJCC stage

IONM

I 4 17 11 8 36 25 10

II 4 13 10 6 44 18 12

III 8 22 9 10 53 22 32

IV 1 2 1 1 9 5

Non-IONM

I 5 21 28 8 12 27 18

II 2 15 18 2 15 16 19

III 7 17 9 3 16 34 24

IV 1 1 1 3 2 3

“Age” is presented as mean, or mean ± SD, or median [range]. AC, adenocarcinoma; Lt, lower thoracic esophagus; Mt, middle thoracic esophagus; Ut, 
upper thoracic esophagus; SCC, squamous cell carcinoma; IONM, intraoperative neuromonitoring; NAC, neoadjuvant chemotherapy; AJCC, American Joint 

Committee on Cancer; AE, abdominal esophagus; SD, standard deviation. 

Table 2 Detailed IONM results

Group
Fujimoto 

2021 (13)

Hikage  

2017 (14)

Huang  

2022 (15)

Kobayashi 

2018 (16)

Komatsu  

2022 (17)

Takeda  

2021 (18)

Wong  

2021 (19)

Yuda  

2022 (20)

Zhao  

2022 (10)

Zhong  

2014 (21)

RLNP

IONM

Right 0 2 2 0 1 1 10 32 6 0

Left 1 21 2 3 16 17

Both 1 2 0 0 1 1

No 15 29 34 28 13 66 129 110 64 54

Non-IONM

Right 0 3 3 1 5 1 8 20 17 6

Left 8 19 10 11 18 18

Both 0 1 1 6 3 6

No 7 31 23 38 11 61 66 25 63 55

IONM, intraoperative neuromonitoring; RLNP, recurrent laryngeal nerve paralysis.
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Figure 2 A forest plot comparing the rates of RLNP after thoracoscopic esophagectomy in the IONM group and those in the non-
IONM group. M-H, Mantel-Haenszel; CI, confidence interval; df, degree of freedom; RLNP, recurrent laryngeal nerve paralysis; IONM, 
intraoperative neuromonitoring.

dissected between 15.95 and 28.9 lymph nodes, whereas 
those in the IONM group were dissected between 20.6 
and 30.75 nodes. The IONM group dissected significantly 
more mediastinal lymph nodes than the non-IONM group, 
according to a pooled analysis (Figure 3). In three studies, 
the total number of lymph nodes removed (mediastinal and 
abdominal) was also reported, showing a higher count of 
anatomic lymph nodes in the IONM group compared to 
the non-IONM group in pooled analysis (mean difference: 
0.82; 95% CI: 0.20 to 1.44; P<0.05; Figure 4).

The average duration of surgery varied between 237.8 
and 670 minutes for the IONM group, and between 245 
and 635 minutes for the non-IONM group. Pooled analysis 
found no significant difference in operative time when 
compared between the IONM and non-IONM groups 
(mean difference: −1.35; P>0.05) (Figure 5). Seven studies 
reported the average duration of hospitalization; As a result 
of IONM, this ranged from 8 to 35.25 days and as a result 
of non-IONM, it ranged from 12.5 to 106 days. Pooled 
analysis showed that the mean length of hospital stay in the 
IONM group was significantly shorter than that in the non-
IONM group (mean difference: −13.40; 95% CI: −19.97 to 
−6.83; P<0.001; Figure 6).

Seven studies reported the volume of bleeding during 
surgery. The mean bleeding volume ranged from 100 to 
507.5 mL in the IONM group and 125 to 865 mL in the 
non-IONM group. Comparing the IONM group to the 
non-IONM group, combined analysis showed a significantly 
lower intraoperative blood loss (Figure 7).

Postoperative pneumonia has been documented in nine 

studies, with rates ranging between 4% and 25% in the 
IONM group and 7.4% to 40% in the non-IONM group. 
Pooled analysis demonstrated a statistically significant lower 
incidence of pneumonia in the IONM group compared to 
the non-IONM group (Figure 8).

We observed significant heterogeneity in our dataset in 
terms of operation time, blood loss, and length of hospital 
stay (I2 was 93%, 94%, and 92%, respectively). Therefore, 
we conducted a sensitivity analysis by systematically 
excluding every study and recalculating the overall estimates 
or 95% CIs. Despite variations in study inclusion, no 
significant differences were observed in operative time, 
mean hospital stay, or surgical blood loss between the 
IONM and non-IONM groups, although these parameters 
generally favored lower values in the IONM group. 
However, significant heterogeneity remained; this may have 
been caused by patient selection bias.

Publication bias

Figure 9 illustrates the funnel plot of RLNP, which shows 
nearly symmetrical sides; therefore, there is no indication of 
publication bias.

Quality assessment

The quality evaluation of this study is shown in Table 4. The 
Newcastle-Ottawa scale score for all studies was 9 points, thus 
indicating good methodological quality. Thus, none of the 
studies were excluded from analysis due to low quality.
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Table 3 Details about the lymph node dissection and surgical outcomes of all studies that dissected mediastinal lymph nodes

Group
Fujimoto  
2021 (13)

Hikage  
2017 (14)

Huang  
2022 (15)

Kobayashi 
2018 (16)

Komatsu  
2022 (17)

Takeda  
2021 (18)

Wong  
2021 (19)

Yuda  
2022 (20)

Zhao  
2022 (10)

Zhong  
2014 (21)

Patients

IONM 17 54 38 31 25 84 157 142 70 54

Non-IONM 15 54 37 56 16 83 98 45 80 61

RLNP

IONM

Right 0 2 2 0 1 1 10 32 6 0

Left 1 21 2 3 16 17

Both 1 2 0 0 1 1

No 15 29 34 28 13 66 129 110 64 54

Non-IONM

Right 0 3 3 1 5 1 8 20 17 6

Left 8 19 10 11 18 18

Both 0 1 1 6 3 6

No 7 31 23 38 11 61 66 25 63 55

Bleeding (mL)

IONM 351.12±214.06 100±23.41 271.5±144.61 182±101.82 140.75±25.24 379±625 125±21.10

Non-IONM 348.69±251.53 150±23.53 558.5±381.36 865±839.54 535±328.95 512±363 125±20.67

Operative time (minutes)

IONM 552.87±82.95 670±116.16 579.25±25.98 264±51.61 438.5±51.42 565.75±92.15 535.27±81.19 566±75 314.36±70.10 237.78±29.49

Non-IONM 590.82±82.50 595.5±65.12 635±24.00 245±39.80 435.25±111.09 588.5±90.05 487.12±89.11 612±253 309.06±66.49 257.70 ±21.79

No. of TLN

IONM 39±16.06 41.9±13.9 42.5±10.69 69±23 28.69±9.23 30.39±8.41

Non-IONM 40.25±15.18 41.5±11.7 28.75±13.29 57±27 25.03±10.32 24.37±6.82

No. of positive TLN

IONM 6.25±5.06 1.4±1.8 2.82±3.03

Non-IONM 2.75±2.42 1.3±1.7 1.66±2.14

No. of MLN

IONM 20.6 27.75±12.10 30.0±12.9 23.75±9.01 21±10.18 30.75±10.06 28.69±9.23 22.06±6.50

Non-IONM 18.4 27.75±14.30 28.9±8.7 23.75±8.97 17.5±8.48 26.75±9.05 25.03±10.32 15.95±5.94

No. of positive MLN

IONM 3±2.64 1.0±1.6 2.47±2.60

Non-IONM 1.75±1.54 0.7±1.0 1.40±1.84

Pneumonia

IONM 4 10 5 5 1 21 28 5 7

Non-IONM 6 4 14 11 3 19 13 15 21

Aspiration

IONM 2 24 0？ 2

Non-IONM 7 17 1？ 16

Hospital stay (days)

IONM 21.1±9.7 35.25±17.77 19.5±7.64 62±34.89 31.6±25 8±0.42 12.51±2.99

Non-IONM 19.8±7.7 106±68.66 49.75±25.16 81.75±49.55 40.6±40 12.5±0.83 16.06±13.69

Data are presented as mean ± SD. IONM, intraoperative neuromonitoring; RLNP, recurrent laryngeal nerve paralysis; TLN, total lymph nodes; MLN, mediastinal 

lymph nodes; SD, standard deviation.
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Discussion

Previous research has shown that IONM provides a number 
of protective effects during esophagectomy (14,18,21). In 
the reviewed literature, only a single researcher employed 
discontinuous combined IONM, while the remaining 
studies utilized discontinuous IONM exclusively. We 

posit that IONM is particularly advantageous at this 
stage of surgical procedures, especially when applied 
during critical moments. The purpose of this study was to 
determine the impact of IONM upon RLNP incidence 
following thoracoscopic esophagectomy for EC through a 
systematic review and meta-analysis. There was a significant 
reduction in RLNP occurrence in these patients with 

Figure 4 A forest plot shows the total lymph nodes dissected in the IONM and non-IONM groups. SD, standard deviation; IV, inverse 
variance; CI, confidence interval; df, degree of freedom; IONM, intraoperative neuromonitoring.

Figure 5 A forest plot for the operation times of groups with and without IONM. SD, standard deviation; IV, inverse variance; CI, 
confidence interval; df, degree of freedom; IONM, intraoperative neuromonitoring.

Figure 3 A forest plot comparing IONM and non-IONM dissection of mediastinal lymph nodes. SD, standard deviation; IV, inverse 
variance; CI, confidence interval; df, degree of freedom; IONM, intraoperative neuromonitoring.
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Figure 6 A forest plot showing the duration of hospitalization in IONM and non-IONM groups. SD, standard deviation; IV, inverse 
variance; CI, confidence interval; df, degree of freedom; IONM, intraoperative neuromonitoring.

Figure 7 A forest plot comparing IONM and non-IONM groups for bleeding. SD, standard deviation; IV, inverse variance; CI, confidence 
interval; df, degree of freedom; IONM, intraoperative neuromonitoring.

Figure 8 A forest plot shows pneumonia in the IONM and non-IONM groups. M-H, Mantel-Haenszel; CI, confidence interval; df, degree 
of freedom; IONM, intraoperative neuromonitoring.

IONM. In addition, IONM increased the effect of lymph 
node dissection, and had significant benefits in reducing 
postoperative pneumonia, surgical bleeding and reducing 
the length of hospital stay. However, no significant 
differences in operation time were observed between 

patients evaluated with IONM and those without IONM 
evaluation in our study. Upon thorough examination of the 
included literature, it was determined that the duration of 
IONM encompasses both the standard operative time and 
the additional time required for IONM procedures. Despite 
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the advanced state of IONM technology, it was observed 
that thoracic surgeons generally exhibit limited proficiency 
in its application. Nevertheless, the ultimate findings 
did not demonstrate a statistically significant increase in 
operative time for the IONM group compared to the non-
IONM group.

In spite of a significant degree of heterogeneity, the 
IONM group experienced relatively less blood loss and 
spent less time in the hospital than the non-IONM group. 
This observation held true even after excluding the study by 
Komatsu et al. (17), the IONM group showed clear benefit 
in terms of blood loss and length of hospital stay, with no 
heterogeneity among the studies; IONM might have a 
lower sensitivity, thus explaining this phenomenon. And 

we attribute this persistent heterogeneity to the varying 
surgical habits and experience levels among different 
surgeons, which likely contributed to the substantial 
differences in operation times. The surgeons were 
unfamiliar with manipulating the neurosurveillance system 
in the initial 10 cases. In addition, nearly 30% of the IONM 
group discontinued treatment due to a variety of reasons. 
The observed heterogeneity was also related to the lack of 
studies describing blood loss and hospital stay. We replicated 
the prior procedure and obtained consistent results. Our 
analysis suggests that IONM may not substantially decrease 
intraoperative bleeding. However, it appears to effectively 
mitigate certain avoidable injuries, thereby reducing 
hemorrhage specifically during the lymph node dissection 
phase. The results showed that the length of hospital stay 
in the IONM group was smaller than that in the non-
IONM group. However, the results remained consistent, 
and substantial heterogeneity persisted when each article 
was excluded individually. Nevertheless, all included studies 
indicated that the length of hospital stay was shorter in the 
IONM group compared to the non-IONM group. The 
observed heterogeneity may be attributed to variations in 
physicians’ experience and practices, as well as differing 
criteria for assessing a patient’s readiness for discharge.

A significant reduction in postoperative pneumonia can 
also be achieved with IONM, according to our analysis; 
this may also be correlated with the reduction of RLNP, 
at least in part. In recent years, the prognosis of patients 
with EC has improved significantly, largely owing to 

Figure 9 Funnel plot of RLNP. SE, standard error; RD, risk 
difference; RLNP, recurrent laryngeal nerve paralysis.

Table 4 Quality assessment of the nonrandomized studies using the Newcastle-Ottawa scale

Study
Publication 

year

Selection
Comparability 

(based on 
design and 

analysis

Outcome

Total 
scoreRepresentativeness 

of exposed
Selection of 

non-exposed
Ascertainment of 

exposed

Outcome 
of interest 
absent at

Assessment 
outcome

Follow-up long 
enough for 

outcomes to 
occur

Adequacy of 
follow-up

Fujimoto (13) 2021 1 1 1 1 2 1 1 1 9

Hikage (14) 2017 1 1 1 1 2 1 1 1 9

Huang (15) 2022 1 1 1 1 2 1 1 1 9

Kobayashi (16) 2018 1 1 1 2 1 1 1 8

Komatsu (17) 2022 1 1 1 1 2 1 1 1 9

Takeda (18) 2021 1 1 1 1 2 1 1 1 9

Wong (19) 2021 1 1 1 1 2 1 1 1 9

Yuda (20) 2022 1 1 1 1 2 1 1 1 9

Zhao (10) 2022 1 1 1 1 2 1 1 1 9

Zhong (21) 2014 1 1 1 1 2 1 1 1 9

−1                  −0.5                    0                    0.5                     1

SE (RD)

RD

0

0.05

0.1

0.15

0.2
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advancements in surgical techniques, perioperative care, and 
multidisciplinary treatment approaches (22-25). However, 
postoperative morbidity and mortality have increased over 
recent years (26-28). Postoperative pneumonia is one of the 
most common complications and can occasionally lead to 
death. Therefore, reducing the incidence of postoperative 
complications may help to improve the short-term and 
long-term outcomes of patients after esophagectomy. 
Postoperative pneumonia in EC is recognized as an 
independent risk factor affecting the prognosis of patients 
with this condition (29). A previous study reported that 
RLN palsy was associated with an increased incidence of 
McKeown pulmonary complications (30). However, other 
studies have reported that RLNP becomes a risk factor for 
significant morbidity only via pulmonary complications 
such as aspiration pneumonia (30,31).

The RLN is mainly responsible for regulating the 
production of sound and protection of the airway. By 
regulating the tension and position of the vocal cords, 
the RLN enables the opening and closing of the glottis 
to achieve the production of sound and the regulation 
of airflow to protect the airway from inhaled foreign 
bodies. The RLN causes the lungs and airways to remove 
foreign bodies and secretions through the cough reflex. 
Scttic insufficiency caused by RLN may lead to reduced 
cough intensity and weakened airway protection during 
swallowing. Therefore, patients with RLNP are at higher 
risk of serious complications such as residual lung infection 
from aspiration pneumonia or postoperative pneumonia.

The incidence of vocal cord palsy (VCP) following 
esophagectomy depends on several factors. In the left RLN, 
the aortic arch extends from a confined space adjacent to the 
bronchus. In addition to the left main bronchus, aortic arch, 
main pulmonary artery, and thoracic duct, the left RLN is 
surrounded by intricate anatomical structures. Therefore, 
the left RLN is particularly vulnerable to injury (32).  
Furthermore, in a previous multivariate analysis , 
prolonged surgery duration and advanced age were 
independently associated with the development of VCP 
during esophagectomy. Various risk factors contribute to 
postoperative pneumonia. Study has demonstrated that 
an Enhanced Recovery After Surgery (ERAS) protocol 
is effective in reducing the incidence of postoperative 
pneumonia following esophagectomy (33). Preoperative care 
kits have also been reported for the effective management 
of pneumonia (34). IONM can help surgeons to protect the 
RLN, thus creating a more secure surgical environment. 
Following chemotherapy or chemotherapy/radiotherapy. In 

cases where tumor tissue blurs the surrounding structures, 
a positive response to IONM can promptly confirm the 
accurate positioning of the RLN. Second, IONM can 
be used to verify the surgical procedure leading to RLN 
damage by providing key information and permitting 
surgical video review during lymph node dissection.

In our study, we found that the number of removed 
lymph nodes was significantly increased and the RLNP 
rate was significantly decreased in patients receiving 
I O N M .  C o m p r e h e n s i v e  l y m p h a d e n e c t o m y  h a s 
demonstrated considerable value due to its association with 
significantly higher 5-year survival rates (35). In a study of 
esophagectomy for cancer, Malassagne et al. reported that 
recurrent paralaryngeal lymph node metastasis plays an 
independent role in poor prognoses (36). Compared with 
previous studies, our study found that IONM has a certain 
effect on reducing the incidence of pneumonia and the 
length of hospital stay, and we believe that the occurrence 
of pneumonia and the length of hospital stay may be 
proportional. In order to improve the prognosis of patients 
with metastatic lymph nodes, it is crucial to remove them 
completely, although the special dissection location involved 
can lead to RLNP during lymph node dissection. According 
to most western studies, the incidence of RLNP after 
esophagectomy ranges from 14.0% to 45.3%. However, 
RLNP has become prevalent in Japan, reaching an 
incidence of 80%. Law and Wong previously suggested that 
EC can frequently invade the lymphatic chains of bilateral 
RLNs, with reported metastasis rates ranging from 18% to 
43.4%. The superior mediastinal lymph node adjacent to 
the RLN is a common site for the metastasis of thoracic EC. 
The human chest is narrowed above this region, especially 
at the cervicothoracic junction; the confined space between 
the trachea and the left RLN, coupled with the immobility 
of the upper esophagus, renders lymphadenectomy along 
the RLN a notable risk factor for RLN damage. In the 
surgeries of some patients undergoing IONM, minute 
branches of the RLN can be identified and preserved. In 
the absence of RLNP, it is possible that minor branches can 
be damaged even without the observation of severe RLM 
damage; the overall contribution of such minor damage to 
the development of postoperative RLNP remains unclear.

The primary objective of this review and meta-
analysis is to determine whether IONM directly impacts 
RLN protection during thoracoscopic esophagectomy in 
patients with EC. It is important to recognize, however, 
that our study suffers from several limitations. First and 
foremost, the small number of studies and patients included 
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in our meta-analysis may have limited the precision of 
our assessment regarding the actual effect of IONM on 
reducing RLNP. Second, we only included studies that had 
been published in English; relevant studies published in 
other languages were omitted. Third, although we found 
significant differences in the number of dissected RLN 
nodes, we did not perform survival analysis to evaluate 
the superiority of IONM. Additionally, the findings of 
this study exhibited significant heterogeneity and should 
be interpreted cautiously. In our literature review, the 
application of IONM to minimally invasive esophagectomy 
(MIE) was identified in a limited number of cases, with our 
selection confined to English-language publications. This 
choice was made for the following reasons: Firstly, English 
is the predominant academic language in the medical field, 
often encompassing the most widely cited and discussed 
research findings. Secondly, due to constraints in resources 
and time, a comprehensive search across all languages was 
not feasible. Additionally, RLNP may also be influenced 
by ethnicity, prior treatments, and surgical techniques. 
While this study offers valuable insights into the short-
term effects and immediate complications associated with 
IONM, the absence of survival analysis may constrain our 
comprehensive understanding of the long-term benefits 
of IONM. Survival analysis is a crucial methodological 
approach for assessing long-term patient outcomes, as it 
elucidates the impact of IONM on extended survival rates 
and quality of life. However, given that this study was 
principally designed to investigate short-term outcomes, 
long-term follow-up data were not incorporated. Future 
research should consider incorporating survival analysis as 
a key component to better assess the potential benefits and 
risks of IONM over long-term follow-up.

Conclusions

The findings of this systematic review and meta-analysis 
suggest that IONM is associated with a lower incidence 
of RLNP and postoperative pneumonia. Furthermore, 
lymphadenectomy is more effective and reduces both 
hospital stay and blood loss in patients with EC. However, 
IONM has no significant benefit for reducing operative 
time.
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