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Abstract
Background  Recurrent laryngeal nerve paralysis (RLNP) is a critical postoperative complication in esophagectomy. Intraop-
erative nerve monitoring (IONM) is a technique that can be used in high-risk surgeries to prevent, identify, and mitigate nerve 
damage. In this prospective study, we evaluated the feasibility and effectiveness of IONM in open McKeown esophagectomy 
for esophageal cancer.
Methods  From December 2020 to September 2023, 88 patients diagnosed with esophageal cancer were enrolled to receive 
IONM for open McKeown esophagectomy at Cancer Center, Sun Yat-sen University. The primary outcome was the incidence 
of RLNP after extubation. The secondary outcomes were postoperative complications, number of dissected lymph nodes, 
length of hospital stay, ICU duration and number of deaths.
Results  A total of 83 patients were included in the final analysis. The incidence of RLNP after extubation was 30.1%. The 
occurrence of postoperative pulmonary complications was 20.5%. The median hospital stays were 13 days. The incidence of 
anastomotic leakage was 13.3%. No in-hospital deaths were reported. Postoperative RLNP prolonged the length of hospital 
stay (P = 0.042).
Conclusion  Our findings indicated that IONM could potentially be associated with a possible reduction in RLNP incidence 
following open McKeown esophagectomy for esophageal cancer. However, future research including well-designed rand-
omized controlled trials may be beneficial to clarify these preliminary results.
Trial registration number  ChiCTR2000029687
https://​www.​chictr.​org.​cn/​showp​roj.​html?​proj=​49103
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Introduction

The lymph nodes along the bilateral recurrent laryngeal 
nerves (RLN) are considered nodal stations in esophageal 
cancer, with an incidence rate of 3.6% to 31.9% [1–3]. The 
high incidence rate of lymph node spread determines that 
total mediastinal lymphadenectomy must be carried out 
when esophagectomy is performed to improve prognosis 
and survival rate.

Recurrent laryngeal nerve paralysis (RLNP) is a 
complication that often occurs after RLN lymphadenectomy. 
The incidence of RLNP during esophagectomy for cancer 
varies depending on surgical approaches and expertise. 
The frequency of RLNP in conventional thoracotomy for 
esophageal cancer surgery was reported to range from 15 to 
50%, while in thoracoscopic surgery, it ranged from 36 to 
43% [4, 5]. A study [6] reported that the rate of RLNP was 
as high as 60% by laryngoscopy after esophageal cancer 
surgery, and most of them could recover within 12 months 
after surgery. RLNP may result in a motility disorder of 
the vocal cord muscles, causing hoarseness, aspiration, 
pneumonia, and sometimes life-threatening conditions [7, 
8]. RLNP hindered recovery from surgery and negatively 
influenced postoperative survival [9].

The application of IONM technology in thyroid surgery 
has been widely recognized [10]. It is mainly used to monitor 
the integrity of laryngeal nerve function during operation to 
reduce the risk of RLNP. In recent years, IONM has also 
been applied in mediastinal lymphadenectomy in minimally 
invasive esophagectomy and has been found to improve the 
efficiency of mediastinal lymphadenectomy and reduce 
RLNP [11–15]. Among them, Zhao et al. showed that IONM 
could reduce RLNP (8.6% vs 21.3%, P = 0.032) and increase 
the number of lymph node dissection in minimally invasive 
Mckeown esophagectomy [15]. However, these studies had 
drawbacks such as small sample sizes, a predominance of 
minimally invasive surgical methods, and retrospective 
study designs. There may be differences in the incidence of 
RLNP between open esophagectomy and minimally invasive 
esophageal cancer surgery. Taniyama Y’s study [5] showed 
that the probability of RLNP was different after minimally 
invasive esophagectomy and open esophagectomy. There 
is currently no prospective study on the use of IONM in 
monitoring RLNP during open McKeown esophagectomy 
for esophageal cancer.

We conducted a prospective, cohort study with a large 
sample size to evaluate the effectiveness of IONM in 
reducing the incidence of RLNP during open McKeown 
esophagectomy for esophageal cancer.

Methods

Study design

This prospective, single-center cohort study was conducted 
in compliance with the Declaration of Helsinki. Between 
December 2020 and September 2023, 83 patients in our 
center scheduled to undergo open McKeown esophagec-
tomy for esophageal cancer under general anesthesia were 
enrolled. All surgeries were performed by the same surgical 
team. Although our study was a prospective cohort study, 
retrospective data from the same group of surgeons were 
collected and analyzed to support the current findings. The 
inclusion criteria were as follows: (I) patients aged from 
18 to 70 years old with American Society of Anesthesiolo-
gists (ASA) I to III; (II) patients who were diagnosed with 
esophagus cancer scheduled to undergo open McKeown 
esophagectomy for esophageal cancer under general anes-
thesia. Exclusion criteria were: (I) patients who had a preop-
erative diagnosis of vocal cord paralysis; (II) refusal to sign 
the consent form; (III) patients with a history of myocardial 
infarction, severe/unstable angina, coronary artery bypass 
grafting, congestive heart failure, cerebrovascular accident 
(including transient ischemic attack), pulmonary embolism, 
or ongoing arrhythmia within the preceding 12 months of 
the study. All patients underwent the vocal cord function 
before the operation.

Anesthetic management

After entering the operating room, the patients were moni-
tored by an electrocardiogram, noninvasive blood pressure, 
pulse oximeter, TOF-watchSX muscle relaxant monitor and 
Narcotrend index. Before anesthesia induction, all patients 
received ultrasound-guided 7/8 or 8/9 thoracic epidural cath-
eterization as postoperative analgesia to reduce postopera-
tive pain’s effect on cough and sputum excretion.

All patients received anesthesia induction with dexme-
detomidine 0.5 ug/kg, target-controlled plasma infusion 
(TCI) propofol 4 ug/mL, sufentanil 0.3—0.5 µg/kg, and 
rocuronium 0.6 mg/kg. TCI propofol 2.5—4.5 ug/mL and 
remifentanil 0.05—0.5 ug/kg/min were used to maintain 
anesthesia during the operation. Anesthesia depth was 
kept at the Narcotrend index D2—E0 level. TOF-watchSX 
muscle relaxant monitor was used to control the amount of 
muscle relaxant and ensure that there was no influence of 
muscle relaxant during IONM. Sugammadex 2—4 mg/kg, a 
specific antagonist of rocuronium, was administered before 
RLN monitoring. After completing the IONM of thoracic 
surgery, intermittent rocuronium was resumed.
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Patients were intubated with 8.0 mm ID, a Medtronic 
Nerve Integrity Monitor (NIM) TriVantage electromyogra-
phy (EMG) (Jacksonville, FL, USA) with two probe elec-
trodes above the airbag. The anesthesiologists confirmed 
by video laryngoscopy that the probe electrode was placed 
on the vocal cord. The right lung was isolated by block-
ing the right main bronchus with a 9.0 mm endobronchial 
blocker for one-lung ventilation (OLV). The correct position 
of the endobronchial blocker was confirmed with fiberoptic 
bronchoscopy.

IONM equipment and operation

When performing thoracotomy, surgeons needed sufficient 
muscle relaxants to reduce the chance of muscle bleed-
ing and rib fracture. Sugammadex was used to antago-
nize the neuromuscular blockade before IONM to ensure 
that IONM was not affected by muscle relaxants. Before 
the IONM was performed, the T1% of muscle relaxation 
monitoring was returned to 50% or preoperative values 
to ensure that sugammadex had taken effect. IONM was 
performed with the NIM Response System 3.0 (Medtronic 
Inc., Jacksonville, FL, USA). As a neurostimulator, 
the NIM-eclipse monopolar bulb tip stimulator probe 
(Medtronic) was used. Before the RLN entered direct 
vision, the nerve stimulator was calibrated to 1.0 to 2.0 
mA. After visual recognition of the RLN, the current was 
reduced to 0.3 to 0.5 mA and used for confirmation of the 
nerves’ location and integrity.

IONM protocols were implemented in three sequential 
surgical phases: (1) initial RLN tracking during esopha-
geal mobilization and tracheoesophageal groove lymphad-
enectomy, (2) continuous monitoring during high-risk dis-
section of the aortic arch and laryngeal RLN entry points, 
and (3) revalidation was performed after lymph node dis-
section. Targeted neural structures included the right RLN 
and the corners and distal ends of the left RLN. Post-lym-
phadenectomy reassessment confirmed preserved signal 
conduction in bilateral RLN pathways. Real-time EMG 
feedback served as the primary monitoring modality, with 
predetermined intervention thresholds: signal amplitude 
reductions > 50% prompted immediate surgical protocol 
adjustments, including traction force minimization, dis-
section plane modification and reduction of electrotome 
power. IONM was performed by senior surgeons, and it 
was thoroughly checked by anesthesiologists.

Surgical technique

Surgeons carefully separated the lower thoracic esopha-
gus and surrounding tissues from the esophageal hiatus 

using electrocautery of 60 mV and electrocoagulation of 
60 mV, and cleaned the supradiaphragmatic lymph nodes. 
Then they lifted the lower thoracic segment of the esopha-
gus, freed it from below to the level of the carina, and cut 
open the mediastinal pleura in front of the esophagus to 
clean the lymph nodes below the carina. They continued 
to separate the esophagus upwards to the level of the top 
of the chest. Next, they used electrocautery of 30 mV and 
electrocoagulation of 30 mV to complete the dissection 
of lymph nodes in the left corner area. The surrounding 
lymphoid adipose tissue (i.e., lymph nodes adjacent to the 
left recurrent laryngeal nerve) was swept up along the left 
RLN to the thoracic inlet, and the right RLN lymph nodes 
were swept at the level of the right subclavian artery. 
Finally, they cut open the pleura of the tracheal septum 
and cleaned the lymph nodes in front of the trachea. The 
surgery was completed by placing a closed drainage bottle 
through a chest tube in the sixth intercostal space at the 
front of the right rib and the ninth auxiliary space at the 
midaxillary line and then closing the chest.

Postoperative management and outcomes

All patients received patients controlled epidural analgesia 
for three days. The postoperative epidural analgesic regi-
men consisted of a mixture of 0.15% ropivacaine 250 mL 
and 0.3—0.4 ug/mL sufentanil. The background was set 
to 2 mL/h with a bolus dose of 5 mL and a locking time 
of 15 min. RLNP was determined by observing the vocal 
cord activity of the patients with fiberoptic bronchoscopy 
in the recovery room within 30 min after extubation, and 
we videotaped the vocal cord activity of each patient. If 
the patient had abnormal vocal cord movement or hoarse-
ness in the recovery room, fiberoptic bronchoscopy was 
performed again by the designated anesthesiologist on the 
first, third, and seventh postoperative days.

The primary outcome was the incidence of RLNP after 
extubation. The secondary outcomes were postoperative 
cardiopulmonary complications, anastomotic leak, num-
ber of dissected lymph nodes, length of hospital stay, ICU 
duration and number of deaths.

Definition

RLNP was defined as a diagnosis made within 30 min 
after extubation by an anesthesiologist with over 5 years 
of experience, which included vocal cord fixation and 
movement disorders. The affected side was carefully 
recorded, and the entire procedure was closely supervised 
by experienced endoscopists. Postoperative pulmonary 
complications were usually presented as a composite, 
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which then included possible fatal and nonfatal respiratory 
events of new-onset occurring in the postoperative 
period, including pneumonia, respiratory failure, second 
intubation and pulmonary atelectasis [16]. Pneumonia 
was defined as the attenuation of permeability on chest 
radiography with infection by any microorganism. 
Anastomotic leakage was defined as a clinical sign, such 
as the discharge of saliva or food from the cervical wound 
or drain and fistula formation at the anastomotic site, as 
observed by esophagography [5]. The effectiveness of 
IONM was defined and calculated according to Chan and 
Lo [17]: loss of IONM signal was defined as true positive 
(TP) when postoperative laryngoscopy confirmed RLNP 
and as false positive (FP) when vocal cord activity was 
good. When RLNP was diagnosed by postoperative 
laryngoscopy, an intact IONM signal was interpreted as 
a false negative (FN), whereas it was interpreted as a true 
negative (TN) when postoperative laryngoscopy results 
were normal. Sensitivity was calculated as TP/(TP + FN). 
The specificity was calculated as TN/(FP + TN). Positive 
predictive value (PPV) was calculated as TP/(TP + FP). 
The negative predictive value (NPV) was calculated as 
TN/(FN + TN).

Sample size

The incidence of RLNP after open McKeown esophagectomy 
without IONM was approximately 50% in other previous stud-
ies and data from the thoracic team at our hospital [6, 18, 19] 
and the incidence of RLNP after open McKeown esophagec-
tomy was expected to decrease by 15% through IONM. This 
expectation was supported by our previous study involving 15 
patients, where 5 patients experienced RLNP despite the use of 
IONM. The power was 0.8, and level α was 0.05. Dropout was 
calculated as 10%, and the final required sample size was 83.

Statistical analysis

For continuous variables, data were presented as mean ± SD 
or median (IQR [range]) depending on the distribution of 
the data, with between-group comparisons performed using 
independent t-tests or the Wilcoxon rank-sum test. For cat-
egorical variables, frequency/percentage was calculated, 
with group comparisons conducted via chi-square test or 
the Mann–Whitney U test. All statistical analyses were per-
formed using SPSS version 22.0 (IBM Corp., Armonk, NY, 
USA). All statistical analyses were performed independently 
by the research group statisticians.

Fig. 1   Flow of participants in 
the study
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Result

Patients

88 patients were evaluated for study participation. 85 
patients who met the inclusion criteria were enlisted in the 
study. 2 out of 85 patients were excluded because the sur-
gical procedure was changed and RLN monitoring could 
not be completed. The recruitment pathway was presented 

in Fig. 1. The demographic characteristics of the patients 
were shown in Table 1.

The surgical outcomes

The intraoperative characteristics of the patients were 
shown in Table 2. Duration of thoracotomy, anesthesia, 
operation, and OLV were 110.0 ± 26.8 min, 276.8 ± 36.6 

Table 1   Patient characteristics

Note: Values were n (%) unless otherwise indicated
Abbreviation: AC adenocarcinoma, BMI body mass index, IQR inter-
quartile range, SC squamous carcinoma, SD standard deviation

Total (N = 83)

Sex ratio (M: F) 70:13
Age, mean (SD), y 60.5 (6.5)
BMI, mean (SD), kg/m2 22.7 (3.1)
Smoking 61 (73.5)
Comorbidities

  Hypertension 27 (32.5)
  History of pulmonary disease 9 (10.8)
  Coronary heart disease 6 (7.2)
  Diabetes 12 (14.5)

Preoperative Treatment
  No 63 (76.0)
  Chemoradiotherapy 20 (24.0)

Location of neoplasm
  Upper 2 (2.4)
  Middle 42 (50.1)
  Lower 25 (30.1)
  Middle and upper segments 2 (2.4)
  Middle and lower segments 12 (14.5)

Tumor length, mean (SD), mm 33.2 (16.4)
Pathological

  SC 82 (98.8)
  AC 0 (0.0)
  Other 1 (1.2)

Tumor staging
T-stage

  Tis 1 (1.2)
  pT0 9 (10.8)
  pT1 11 (13.3)
  pT2 11 (13.3)
  pT3 50 (60.2)
  pT4 1 (1.2)

N-stage
  pN0 38 (45.8)
  pN1 23 (27.7)
  pN2 14 (16.7)
  pN3 8 (9.6)

Table 2   Operation characteristics

Note: Values were n (%) unless otherwise indicated
Abbreviation: IQR interquartile range, SD standard deviation, OLV 
one-lung ventilation, IONM intraoperative nerve monitoring

Value

Duration of thoracic surgery mean (SD), min 110.0 (26.8)
Duration of anesthesia, mean (SD), min 276.8 (36.6)
Operative time, mean (SD), min 233.3 (37.3)
Duration of OLV, mean (SD), min 96.0 (26.8)
Duration of IONM, mean (SD), min 17.0 (5.8)
Blood loss, median (IQR), mL 100 (100—200)
Urine volume, median (IQR), mL 400 (300—800)
Blood transfusion 14 (16.9)
Fluid, median (IQR), mL 2500 (2000—2500)
Dosage of remifentanil, median (IQR), mcg 2025 (1550—2950)
Dosage of sufentanil, mean (SD), mcg 23.5 (9.1)

Table 3   Postoperative outcome

Note: Values were n (%) unless otherwise indicated
Abbreviation: ICU intensive care unit, IQR interquartile range, RLNP 
recurrent laryngeal nerve paralysis

N = 83

Cases with RLNP
  Right side 1 (1.2)
  Left side 24 (28.9)
  Both sides 0 (0)
  No 58 (69.9)

Pulmonary complications 17 (20.5)
  Respiratory failure 3 (3.6)
  Second intubation 4 (4.8)
  Pulmonary infection 4 (4.8)
  Pulmonary atelectasis 9 (10.8)

Anastomosis leak 11 (13.3)
Cardiac complications 4 (4.8)
Chylothorax 1 (1.2)
Death 0 (0)
Other Complications 1 (1.2)
Length of ICU stay, median (IQR), day 1 (1—2)
Postoperative hospital stays, median (IQR), day 13 (10—19)
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min, 233.3 ± 37.3 min and 96.0 ± 26.8 min, respectively. 
After the antagonistic effect of sugammadex on muscle 
relaxation, nerve monitoring signals were successfully 
detected in all patients. The duration of IOMN was 17.0 
± 5.8 min. No hypoxemia occurred during OLV.

Results of postoperative RLNP and other 
complications

Data of postoperative outcomes for this study were shown 
in Table 3. The incidence of RLNP after extubation was 
30.1%. It was worth noting that compared with the paraly-
sis on the right side, the paralysis on the left side was more 
pronounced, accounting for 28.9%. There was only one case 
of right RLNP, which was mild (postoperative laryngoscopy 
showed that the right vocal cord activity was slightly worse), 
and no patient had bilateral RLNP. The vocal cord activity 
situation on the first day and seventh day after the operation 
was the same as after the operation. Postoperative pulmo-
nary complications occurred in 17 patients, and the inci-
dence was 20.5%. Among them were 3 cases of respiratory 
failure, 4 cases of second intubation, 4 cases of pulmonary 

infection, and 9 cases of pulmonary atelectasis. 4 patients 
had postoperative cardiac complications (atrial fibrilla-
tion and abnormal elevation of myocardial enzymes), and 
11 patients had an anastomotic leak, there was one other 
complication, referring to a tracheoesophageal fistula. The 
median duration of ICU stay was 1 day, and the median 
length of hospital stay was 13 days. Postoperative RLNP 
prolonged the length of hospital stay (P = 0.042), while it 
had no effects on postoperative pulmonary complications 
and postoperative anastomotic leakage (Table 4). No patient 
died during hospitalization.

Intraoperative lymph node dissection 
and the results of IONM

Lymph node dissection was shown in Supplemental Table 1. 
All patients underwent bilateral lymph node dissection. The 
average number of bilateral harvested was 2.2 on the left, 2.7 
on the right sides, and 4.2 on the left corner. The average 
number of total thoracic lymph nodes harvested was 28.4, 
The mean number of total lymph nodes harvested was 37.7. 
The sensitivity and specificity of IONM after lymph node 
dissection were shown in Supplemental Table 2.

Comparison of postoperative outcomes 
with historical retrospective data.

We retrospectively collected data from 101 patients who 
underwent esophagectomy without IONM by the same sur-
gical team between 2018 and 2020. The mean age of these 
patients was 60.2 ± 7.4 years, with a male-to-female ratio of 
76: 25, and the mean BMI was 22.0 ± 2.92 kg/m2. Detailed 
data were provided in Supplementary Table 3. A comparison 
of the main postoperative outcomes with historical retro-
spective data was presented in Table 5. The IONM group 
exhibited significantly lower RLNP rates (30.1% vs. 50.5%, 
P = 0.005) and shorter median hospital stays (13 [IQR 

Table 4   Comparison of outcome between RLNP and non-RLNP

Note: Values were n (%) unless otherwise indicated
Abbreviation: RLNP recurrent laryngeal nerve paralysis, IQR inter-
quartile range
* P value was significant

Outcomes RLNP
(n = 25)

Non-RLNP (n = 58) P value

Pulmonary complica-
tions

8 (32) 9 (15.5) 0.088

Anastomosis leak 4 (16) 7 (12.1) 0.628
Postoperative hospital 

stays, median (IQR), 
day

13 (12—23.5) 11.5 (9—17) 0.042*

Table 5   Comparison of 
postoperative outcomes with 
historical retrospective data

Note: Values were n (%) unless otherwise indicated
Abbreviation: IONM intraoperative nerve monitoring, RLNP recurrent laryngeal nerve paralysis, IQR inter-
quartile range, ICU intensive care unit
* P value was significant

Outcome IONM Group
(n = 83)

Non-IONM Group
(n = 101)

P value

RLNP rate 25 (30.1) 51 (50.5) 0.005*
Hospital stay, median (IQR), day 13(10—19) 18(14—24)  < 0.001*
ICU stay, median (IQR), day 1(1—2) 1(1—2) 0.946
Respiratory failure 3 (3.6) 3 (2.97) 0.795
Reintubation 4 (4.8) 5 (4.95) 0.982
Pulmonary infection 4 (4.8) 11 (10.9) 0.140
Atelectasis 9 (10.8) 15 (14.9) 0.440
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10–19] vs. 18 [14–24]  days, P < 0.001). No significant dif-
ferences were observed in ICU stay duration (median 1 [IQR 
1–2] day, in both groups), respiratory failure, reintubation, 
pulmonary infection, or atelectasis (all P > 0.05).

Discussion

This study was designed to explore the feasibility and effi-
cacy of IONM in open esophagectomy. The core research 
results demonstrated that the incidence of RLNP was 30.1%, 
and the incidence of postoperative pulmonary complications 
was 20.5%. The median length of hospital stay was 13 days. 
When comparing patients with RLNP and those without 
RLNP, the incidence of pulmonary complications in the 
paralysis group was higher than that in the non-paralysis 
group (32% vs 15.5%), although it did not reach statistical 
significance. Meanwhile, postoperative RLNP prolonged the 
length of hospital stay (P = 0.042).

Previous studies had shown that open esophagectomy 
procedures may have a RLNP rate ranging from 15 to 50%, 
while minimally invasive surgeries, such as thoracoscopic 
or laparoscopic approaches, may see rates between 36 and 
43% [4, 5]. Hence, the implementation of IONM held sig-
nificant importance. In our study, we showed that the inci-
dence of postoperative RLNP was 30.1% with intraoperative 
IONM. Yu sato’s study reported that the incidence of RLNP 
under laryngoscopy after esophageal cancer surgery was as 
high as 60% in cases without IONM [6]. Meanwhile, we 
collected data from the same group of surgeons perform-
ing open McKeown esophagectomy for esophageal cancer 
without the use of IONM. Compared with data from these 
studies without IONM, the results of our study seemed sub-
stantial. However, in contrast to Zhong et al. study [20], 
we still had a higher paralysis rate after using IONM. To 
this, we made the following several explanations. Firstly, we 
defined RLNP as abnormal vocal cord activity observed in 
the recovery room after surgery. It was possible that other 
studies’ RLNP rates were underestimated because the only 
indication for laryngoscopy was postoperative hoarseness, 
and many patients presenting with RLNP did not present 
with hoarseness. Therefore, RLNP may be missed when 
using clinical manifestations alone [6]. Secondly, our total 
number of chest lymph nodes harvested was more than theirs 
(number of total dissected lymph nodes: 30.39 ± 8.41) [20], 
which may be more likely to lead to injury. Lastly, our sur-
geon had a high electric knife power (30 watts), which may 
have elevated the chance of RLNP.

Moreover, our study found that postoperative paralysis of 
the left vocal cord (28.9%) was greater than that of the right 
(1.2%), which indicated that the left RLN was more vulner-
able to paralysis during surgery. Similar results were shown 
in Yu sato’s study, in which 163 out of 178 patients (54.5%) 

had left RLNP and 74 out of 178 patients (24.7%) had right 
RLNP [15, 21–23]. Possible explanations for this might be 
that when the right transthoracic approach was used, the 
anatomical relationship around the left RLN was complex, 
including the aortic arch, the main pulmonary artery, the 
left main bronchus, the thoracic duct, and the blood supply 
was rich. The anatomy of the left RLN outside the narrow 
gap between the trachea and the vertebrae was technically 
tricky. Another factor was that the left RLN was longer than 
the right RLN and was easily compromised by the dissection 
of the LN surrounding this nerve.

In our study, patients with RLNP had a higher incidence 
of pulmonary complications than those without RLNP (32% 
vs 15.5%), although it did not reach statistical significance. 
We believed that postoperative RLNP could lead to incom-
plete closure of the vocal cord, inability to effectively isolate 
the respiratory tract and digestive tract, and an inability to 
form negative pressure when coughing. This could result in 
cough weakness. Additionally, ineffective coughing could 
cause sputum accumulation, which significantly increased 
the risk of pulmonary infection. Previous studies had also 
shown that RLNP was a risk factor for aspiration pneumonia. 
Gockel I et al. study found that 33 (52.4%) of 63 patients 
with RLNP developed postoperative pneumonia compared 
with 90 (26.4%) of 341 patients without RLNP (P = 0.027), 
indicating that RLNP was significantly associated with an 
increased risk of postoperative pneumonia [7]. In one study, 
Hulscher JB found patients with RLNP had a higher rate 
of pulmonary complications (38.7% vs. 23.9%), resulting 
in a significantly higher rate of reintubation and a signifi-
cantly longer duration of mechanical ventilation and ICU 
stay [24]. In the case of bilateral RLNP, asphyxia may even 
cause death. Fortunately, no patient in our study had bilateral 
RLNP.

Although we showed the feasibility and efficacy of IONM 
in open McKeown esophagectomy for esophageal cancer in 
this study, there were some limitations. First, this study was 
a single-arm, single-center clinical trial without a clinical 
control group, and the results could not be well evaluated. 
To address this, we supplemented our study with retrospec-
tive historical data as a control. Second, we did not perform 
long-term follow-up, so we could not further assess recovery 
from RLNP or distinguish whether the paralysis was tem-
porary or permanent. Lastly, we did not perform IONM in 
the cervical lymph node dissection because repeated muscle 
relaxation and antagonism might lead to delayed postopera-
tive recovery. Therefore, these results need to be verified by 
further randomized controlled trials.

Notwithstanding the limitations previously discussed, our 
findings demonstrated that the use of IONM in open McK-
eown esophagectomy was a safe and beneficial approach 
for patients undergoing this procedure for esophageal carci-
noma. This may provide valuable insights and hold potential 
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significance for the design of future randomized controlled 
trials.

Conclusions

Our findings indicated that IONM could potentially be 
associated with a possible reduction in RLNP incidence 
following open McKeown esophagectomy for esophageal 
cancer. However, future research including well-designed 
randomized controlled trials may be beneficial to clarify 
these preliminary results.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00423-​025-​03732-6.

Author contributions  The authors declare no conflicts of interest.

Funding  This work and the article processing fees were funded by the 
Sun Yat-Sen University Cancer Center Clinical Research 308 Program 
(2019-FXY-046), the Natural Science Foundation of Guangdong Prov-
ince (2022 A1515012543), Guangdong Esophageal Cancer Institute 
Science and Technology Program (M202314), Science and Technology 
Projects in Guangzhou (202201010792) and the Lanzhou Science and 
Technology Development Guiding Plan Project (2020-ZD-48).

Data availability  No datasets were generated or analysed during the 
current study.

Declarations 

Ethics and dissemination  Ethics approval was granted by the Clini-
cal Research Ethics Committee of the Sun Yat-sen University Cancer 
Center. All participants will be required to provide written informed 
consent.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if you modified the licensed material. 
You do not have permission under this licence to share adapted material 
derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons 
licence, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http://creativeco 
mmons.org/licenses/by-nc-nd/4.0/.

References

	 1.	 Kurokawa Y, Takeuchi H, Doki Y, Mine S, Terashima M, Yasuda 
T, Yoshida K, Daiko H, Sakuramoto S, Yoshikawa T, Kunisaki 

C, Seto Y, Tamura S, Shimokawa T, Sano T, Kitagawa Y (2021) 
Mapping of lymph node metastasis from esophagogastric junc-
tion tumors: a prospective nationwide multicenter study. Ann Surg 
274(1):120–127

	 2.	 Tachimori Y, Ozawa S, Numasaki H, Matsubara H, Shinoda M, 
Toh Y, Udagawa H, Fujishiro M, Oyama T, Uno T (2016) Efficacy 
of lymph node dissection by node zones according to tumor loca-
tion for esophageal squamous cell carcinoma. Esophagus-Tokyo 
13:1–7

	 3.	 Udagawa H, Ueno M, Shinohara H, Haruta S, Kaida S, Nakagawa 
M, Tsurumaru M (2012) The importance of grouping of lymph 
node stations and rationale of three-field lymphoadenectomy for 
thoracic esophageal cancer. J Surg Oncol 106(6):742–747

	 4.	 Oshikiri T, Takiguchi G, Hasegawa H, Yamamoto M, Kanaji S, 
Yamashita K, Matsuda T, Nakamura T, Suzuki S, Kakeji Y (2021) 
Postoperative recurrent laryngeal nerve palsy is associated with 
pneumonia in minimally invasive esophagectomy for esophageal 
cancer. Surg Endosc 35(2):837–844

	 5.	 Taniyama Y, Miyata G, Kamei T, Nakano T, Abe S, Katsura K, 
Sakurai T, Teshima J, Hikage M, Ohuchi N (2015) Complica-
tions following recurrent laryngeal nerve lymph node dissection 
in oesophageal cancer surgery. Interact Cardiov Th 20(1):41–46

	 6.	 Sato Y, Kosugi S, Aizawa N, Ishikawa T, Kano Y, Ichikawa H, 
Hanyu T, Hirashima K, Bamba T, Wakai T (2016) Risk factors 
and clinical outcomes of recurrent laryngeal nerve paralysis after 
esophagectomy for thoracic esophageal carcinoma. World J Surg 
40(1):129–136

	 7.	 Gockel I, Kneist W, Keilmann A, Junginger T (2005) Recurrent 
laryngeal nerve paralysis (RLNP) following esophagectomy for 
carcinoma. Ejso-Eur J Surg Onc 31(3):277–281

	 8.	 Johnson PR, Kanegoanker GS, Bates T (1994) Indirect laryngo-
scopic evaluation of vocal cord function in patients undergoing 
transhiatal esophagectomy. J Am Coll Surgeons 178(6):605–608

	 9.	 Baba Y, Yoshida N, Shigaki H, Iwatsuki M, Miyamoto Y, 
Sakamoto Y, Watanabe M, Baba H (2016) Prognostic impact 
of postoperative complications in 502 patients with surgically 
resected esophageal squamous cell carcinoma: a retrospective 
single-institution study. Ann Surg 264(2):305–311

	10.	 Dralle H, Sekulla C, Lorenz K, Nguyen TP, Schneider R, 
Machens A (2012) Loss of the nerve monitoring signal during 
bilateral thyroid surgery. Brit J Surg 99(8):1089–1095

	11.	 Fujimoto D, Taniguchi K, Kobayashi H (2021) Intraoperative 
neuromonitoring during prone thoracoscopic esophagectomy for 
esophageal cancer reduces the incidence of recurrent laryngeal 
nerve palsy: a single-center study. Updates Surg 73(2):587–595

	12.	 Hikage M, Kamei T, Nakano T, Abe S, Katsura K, Taniyama Y, 
Sakurai T, Teshima J, Ito S, Niizuma N, Okamoto H, Fukutomi 
T, Yamada M, Maruyama S, Ohuchi N (2017) Impact of rou-
tine recurrent laryngeal nerve monitoring in prone esophagec-
tomy with mediastinal lymph node dissection. Surg Endosc 
31(7):2986–2996

	13.	 Kanemura T, Miyata H, Yamasaki M, Makino T, Miyazaki Y, 
Takahashi T, Kurokawa Y, Takiguchi S, Mori M, Doki Y (2019) 
Usefulness of intraoperative nerve monitoring in esophageal 
cancer surgery in predicting recurrent laryngeal nerve palsy and 
its severity. Gen Thorac Cardiovas 67(12):1075–1080

	14.	 Yuda M, Nishikawa K, Ishikawa Y, Takahashi K, Kurogochi T, 
Tanaka Y, Matsumoto A, Tanishima Y, Mitsumori N, Ikegami T 
(2022) Intraoperative nerve monitoring during esophagectomy 
reduces the risk of recurrent laryngeal nerve palsy. Surg Endosc 
36(6):3957–3964

	15.	 Zhao L, He J, Qin Y, Liu H, Li S, Han Z, Li L (2022) Applica-
tion of intraoperative nerve monitoring for recurrent laryngeal 
nerves in minimally invasive McKeown esophagectomy. Dis 
Esophagus 35(7):doab080

https://doi.org/10.1007/s00423-025-03732-6
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Langenbeck's Archives of Surgery         (2025) 410:158 	 Page 9 of 9    158 

	16.	 Guldner A, Kiss T, Serpa NA, Hemmes SN, Canet J, Spieth PM, 
Rocco PR, Schultz MJ, Pelosi P, Gama DAM (2015) Intraopera-
tive protective mechanical ventilation for prevention of postop-
erative pulmonary complications: a comprehensive review of 
the role of tidal volume, positive end-expiratory pressure, and 
lung recruitment maneuvers. Anesthesiology 123(3):692–713

	17.	 Chan WF, Lo CY (2006) Pitfalls of intraoperative neuromoni-
toring for predicting postoperative recurrent laryngeal nerve 
function during thyroidectomy. World J Surg 30(5):806–812

	18.	 Fan N, Yang H, Zheng J, Chen D, Wang W, Tan Z, Huang Y, 
Lin P (2019) Comparison of short- and long-term outcomes 
between 3-field and modern 2-field lymph node dissections for 
thoracic oesophageal squamous cell carcinoma: a propensity 
score matching analysis. Interact Cardiov Th 29(3):434–441

	19.	 Pertl L, Zacherl J, Mancusi G, Gachter JN, Asari R, Schopp-
mann S, Bigenzahn W, Schneider-Stickler B (2011) High risk of 
unilateral recurrent laryngeal nerve paralysis after esophagec-
tomy using cervical anastomosis. Eur Arch Oto-Rhino-L 
268(11):1605–1610

	20.	 Zhong D, Zhou Y, Li Y, Wang Y, Zhou W, Cheng Q, Chen L, 
Zhao J, Li X, Yan X (2014) Intraoperative recurrent laryngeal 

nerve monitoring: a useful method for patients with esophageal 
cancer. Dis Esophagus 27(5):444–451

	21.	 Kobayashi H, Kondo M, Mizumoto M, Hashida H, Kaihara S, 
Hosotani R (2018) Technique and surgical outcomes of mesenteri-
zation and intra-operative neural monitoring to reduce recurrent 
laryngeal nerve paralysis after thoracoscopic esophagectomy: a 
cohort study. Int J Surg 56:301–306

	22.	 Scholtemeijer MG, Seesing M, Brenkman H, Janssen LM, van 
Hillegersberg R, Ruurda JP (2017) Recurrent laryngeal nerve 
injury after esophagectomy for esophageal cancer: incidence, 
management, and impact on short- and long-term outcomes. J 
Thorac Dis 9(Suppl 8):S868–S878

	23.	 Takeda S, Iida M, Kanekiyo S, Nishiyama M, Tokumitsu Y, 
Shindo Y, Yoshida S, Suzuki N, Yoshino S, Nagano H (2021) Effi-
cacy of intraoperative recurrent laryngeal neuromonitoring during 
surgery for esophageal cancer. Ann Gastroent Surg 5(1):83–92

	24.	 Hulscher JB, van Sandick JW, Devriese PP, van Lanschot JJ, Ober-
top H (1999) Vocal cord paralysis after subtotal oesophagectomy. 
Brit J Surg 86(12):1583–1587

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Effectiveness of recurrent laryngeal nerve monitoring on nerve paralysis during open McKeown esophagectomy: a prospective, cohort study
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration number 

	Introduction
	Methods
	Study design
	Anesthetic management
	IONM equipment and operation
	Surgical technique
	Postoperative management and outcomes
	Definition
	Sample size
	Statistical analysis

	Result
	Patients
	The surgical outcomes
	Results of postoperative RLNP and other complications
	Intraoperative lymph node dissection and the results of IONM
	Comparison of postoperative outcomes with historical retrospective data.

	Discussion
	Conclusions
	References


