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Background: Recurrent laryngeal nerve (RLN) paralysis following oesophagectomy may increase 
postoperative morbidity and mortality. However, clinical studies on this complication are uncommon. The 
aim of this study was to report the clinical course of patients with RLN paralysis following oesophageal 
cancer surgery.
Methods: We retrospectively examined patients who underwent oesophagectomy for oesophageal 
carcinoma at Asan Medical Center between January 2013 and November 2018. We enrolled 189 patients 
with RLN paralysis confirmed using laryngoscopy in this study.
Results: Of the 189 patients, 22 patients had bilateral RLN paralysis, and 167 patients had unilateral RLN 
paralysis. Every patient received oral feeding rehabilitation, and 145 (76.7%) patients received hyaluronic 
acid injection laryngoplasty. During the postoperative period, 21 (11.1%) patients experienced aspiration 
pneumonia and recovered. One patient died of severe pulmonary complication. Twenty-four (12.7%) 
patients underwent feeding jejunotomy, while 11 (5.9%) patients underwent tracheostomy. In total, 173 
(91.5%) patients were discharged with oral nutrition, and the median time to begin oral diet was 9 days. 
Statistical analysis using logistic regression revealed that only the advanced T stage affected nerve recovery. 
More than 50% of the patients showed nerve recovery within 6 months, and 165 (87.9%) patients fully or 
partially recovered during the observation period.
Conclusions: RLN paralysis following oesophagectomy in oesophageal carcinoma is a predictable 
complication. In patients with RLN paralysis, early detection and intervention through multidisciplinary 
cooperation are required, and the incidence of postoperative complications can be reduced by implementing 
the appropriate management.
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Introduction

Oesophagectomy with radical lymph node (LN) dissection 
is the mainstay of treatment for the management of 
oesophageal cancer (1-3). However, oesophagectomy 
carries a high risk of morbidity and mortality because it is 
performed over a large area from the neck to the stomach 
while preserving the major blood vessels and nerves (4).

Recurrent laryngeal nerve paralysis (RLNP) is one of the 
most common complications after oesophagectomy, with 
the incidence ranging between 1% and 80% (5-8). This 
wide range is attributed to several factors, including the 
anastomosis site, the degree and extent of LN dissection, 
and the method of postoperative laryngeal examination 
(9). Recurrent laryngeal nerve (RLN) injury is closely 
related to thermal injury from energy devices, mechanical 
touch, or impaired blood supply during the dissection of 
cervical paraoesophageal and thoracic paratracheal LNs 
(10,11). Unilateral or bilateral RLNP causes hoarseness 
and dysphonia. The prognosis and recovery outcomes 
for patients with RLNP remain uncertain, although risk 
factors and protective strategies have been explored. RLNP 
can lead to serious respiratory complications, including 
aspiration, pneumonia, and breathing difficulties (4,8,12). 
This risk may increase for patients prone to aspiration due 
to reflux, exacerbated by delayed gastric emptying following 
oesophagectomy (13). Mitigating the risk of RLNP is 
crucial, yet equally important is the thoracic surgeon’s role 

in managing patients who develop complications during 
the postoperative period. In this regard, we aim to elucidate 
the recovery process of vocal cord palsy (VCP) in patients 
after oesophagectomy for oesophageal cancer. We examined 
clinical factors and the effectiveness of our institution’s 
strategies in managing RLNP recovery. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-9/rc).

Methods

We conducted a retrospective study of patients presenting 
with new-onset symptoms suggestive of VCP following 
oesophagectomy for oesophageal cancer. We reviewed 
patients who underwent oesophagectomy for oesophageal 
carcinoma at Asan Medical Center between January 2013 
and November 2018. Oesophagectomy was performed 
via open thoracostomy, video-assisted thoracoscopic 
oesophagectomy (VE), or robot-assisted oesophagectomy 
(RAE). Due to missing clinical information, patients with 
secondary reconstruction were excluded from this study. 
In study periods, a total of 987 patients who underwent 
oesophagectomy performed by two attending surgeons with 
at least 5 years of experience were identified. Among these, 
189 patients (20.1%) with unilateral or bilateral RLNP 
after oesophagectomy confirmed using laryngoscopy were 
enrolled in this study. The patients’ follow up information 
was obtained from outpatient follow-up note of both 
thoracic surgeon and otolaryngologist, and the median 
follow-up time was 4.43 [interquartile range (IQR): 2.20–
8.27] months. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Board of the 
Ethics Committee of Asan Medical Center (No. 2022-3027) 
and individual consent for this retrospective analysis and the 
publication was waived.

After initial clinical staging, patients with locally 
advanced disease (stage T2 or higher, or N1 or higher) 
were administered neoadjuvant chemoradiotherapy, unless 
the patient was over 75 years of age or deemed in poor 
physical condition, based on the oncologist’s assessment 
at a multidisciplinary clinic. This study used clinical and 
pathological tumour staging for primary tumour (T) and 
LN metastasis (N) scales. All specimens were pathologically 
examined at the Asan Medical Center Department of 
Pathology and Union for International Cancer Control 

Highlight box

Key findings
• Under appropriate management strategy, a good prognosis can be 

expected even if vocal cord palsy occurs after oesophagectomy.

What is known and what is new? 
• Recurrent laryngeal nerve paralysis, a result of oesophageal cancer 

surgery, typically resolves within 6 months, allowing most patients 
to resume oral feeding.

• Whether recurrent laryngeal nerve palsy is temporary or 
permanent, prompt intervention, including hyaluronic acid 
injection laryngoplasty and active rehabilitation, enhances 
prognosis.

What is the implication, and what should change now? 
• In patients with recurrent laryngeal nerve paralysis following 

oesophagectomy, early detection and intervention through 
multidisciplinary cooperation are required, and the incidence of 
postoperative complications can be reduced by implementing the 
appropriate management.

https://jtd.amegroups.com/article/view/10.21037/jtd-24-9/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-9/rc
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(UICC) 8th edition was used for TNM classification.

Surgical procedure

Most oesophagectomy procedures begin with abdominal 
phase. Stomach was used as conduit for oesophageal 
reconstruction through midline laparotomy. Patients whose 
stomachs were unsuitable received colon mobilization. 
Oesophagectomies, whether through open thoracotomy or 
minimally invasive surgery, are usually performed through 
the right thoracic approach. The mobilized conduit is pulled 
up to either the chest or neck via the posterior mediastinal 
route. After that, the oesophagus was anastomosed to the 
conduit below the thoracic inlet, or in cervical anastomosis, 
on the left side of the neck. An anastomosis was created 
using a circular surgical  stapler and hand-sewing 
reinforcement. No thoracotomy approaches are used in 
the transhiatal oesophagectomy. Working upward from the 
diaphragmatic hiatus and downward through the cervical 
incision, the mobilization of the oesophagus is completed 
using blunt dissection. Subsequently, an anastomosis is 
created through the cervical incision.

Lymphadenectomy was performed in all oesophagectomy 
patients. Two-field lymphadenectomy (2FL) was performed 
at abdominal and mediastinal LN that includes LN along 
bilateral RLN and three-field lymphadenectomy was 
performed at 2FL stations and cervical LN. Cervical node 
dissection was performed by a head and neck surgeon if the 
patient had cervical oesophageal cancer, advanced T stage 
upper thoracic oesophageal cancer, or a suspected cervical/
highest-mediastinal LN metastasis before neoadjuvant 
chemoradiation therapy.

Assessment of VCP

The otolaryngologist referred all patients with suspicious 
clinical symptoms of VCP for laryngoscopy. The suspicious 
clinical symptoms observed included breathing difficulty, 
ineffective coughing, dysphonia, and signs of aspiration, 
as well as patients with silent RLNP that exhibited signs 
of pneumonia on daily chest X-rays. Therefore, they are 
routinely followed up in outpatient clinic by a thoracic 
surgeon as well as otolaryngologist. Patients with impaired 
unilateral or bilateral vocal cord movement were diagnosed 
as unilateral or bilateral RLNP. 

We classified vocal cord recovery in RLNP patients into 

three groups with reference to otolaryngologist’s follow-
up medical note. The improvement of swallowing function 
and voice disturbance was used to assess the state of RLNP 
recovery. In this study, ‘fully recovered’ was defined as 
normal swallowing function without any dysphonia, whereas 
‘partially recovered’ was defined as the improvement of 
swallowing function and voice but still with dysphonia. 
Furthermore, ‘permanent palsy’ was defined as no changes 
of dysphonia during the study period.

Management of VCP following oesophagectomy

Figure 1 shows general protocol of Asan Medical Center for 
patients with suspected VCP following oesophagectomy. 
Patients with uncontrolled airway or swallowing problems 
were kept nil per os. Hyaluronic acid (HA) injection 
laryngoplasty was performed on patients with unilateral 
RLNP. The HA injection is administered using a trans-
cervical approach via a cricothyroid membrane puncture, 
under local anesthesia. This procedure is performed 
with the aid of flexible laryngoscopy, on patients in a 
sitting position (14). If an otolaryngologist determines 
that additional intervention is necessary for the patients, 
intracordal HA injection may be performed repeatedly in an 
outpatient setting.

In case of bilateral RLNP, the management strategies 
depended on each patient’s airway patency. Patients with 
severe airway obstruction required immediate intubation 
and tracheostomy. Feeding jejunostomy was performed 
on patients with patent airway and severe aspiration. 
Patients with patent airway and no sign of aspiration began 
swallowing training. Oral feeding was scheduled after the 
swallowing rehabilitation. Before commencing oral feeding, 
all patients with oesophagectomy underwent barium 
swallowing oesophagography at our institution.

Statistical analysis

Student’s t-test and one-way analysis of variance were used 
to compare continuous variables. All results were expressed 
as the mean ± standard deviation, median with IQR, or 
proportion. Univariate and multivariate analysis of risk 
factors for recovery of RLN was performed with logistic 
regression. The R software package, version 4.1.0 (http://
www.R-project.org), was used to perform all statistical 
analysis. P<0.05 was considered statistically significant.

http://www.R-project.org
http://www.R-project.org
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Patients with hoarseness or aspiration

Consult to otorhinolaryngology department 

Is VCP present?

Unilateral VCP

HA injection

No VCP

Observation

Bilateral VCP

Patent airway?

Severe aspiration?

Close observation

Tracheostomy

Feeding jejunostomy

NoYes

Yes

No

Figure 1 The management flowchart of our institution for patients with recurrent laryngeal nerve paralysis. The flowchart shows 
management of patients with recurrent laryngeal nerve paralysis in our institution. The main theme of our strategy is reducing pulmonary 
complication and proceeding oral feeding with early intervention. VCP, vocal cord palsy; HA, hydraulic acid.

Results

Baseline characteristics of patients

Table 1 shows the baseline characteristics of the enrolled 189 
patients in this study. The median age of the entire group 
was 63.0 years (IQR: 38–84 years), and 175 patients (92.6%) 
were men. The diagnosis of squamous cell carcinoma was 
confirmed histopathologically in nearly all patients (n=188, 
99.5%). Most of the tumours were found in the thoracic 
oesophagus (n=181, 95.7%) and only a few in the cervical 
oesophagus (n=8, 4.2%). The middle thoracic oesophagus 
was the most common site for thoracic oesophagus tumours 
(n=87, 46.0%), followed by the lower thoracic oesophagus 
(n=49, 25.9%) and upper thoracic oesophagus (n=45, 
23.8%). 

There were 89 (47.1%) cases of cT1 stage cancer, 
37 (19.6%) cases of cT2 stage cancer, and 52 (27.5%) 
cases of cT3 stage cancer. We administered neoadjuvant 
chemotherapy to 73 (38.6%) patients. After surgery, 8 
(4.2%), 21 (11.1%), and 8 (4.2%) patients were diagnosed 
with pathologically stage IIIA, IIIB, and stage IV, 
respectively.

There were no statistically significant differences 
between the unilateral VCP group and the bilateral VCP 
group regarding baseline characteristics.

Operative details

In this study group, we performed oesophagectomy via 
right thoracotomy, transhiatal, and RAE. We performed 
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Table 1 Baseline characteristics

Characteristics Total (N=189) Unilateral RLNP (N=167) Bilateral RLNP (N=22) P value

Age, years 63.0 [38–84] 63.0 [38–84] 63.5 [53–72] 0.99

Sex (male) 175 (92.6) 154 (92.2) 21 (95.5) 0.91

BMI, kg/m2 23.4 [20.5–25.5] 23.4 [20.5–25.4] 23.1 [21.0–26.5] 0.83

Histology (SqCC) 188 (99.5) 167 (100.0) 21 (95.5) 0.23

Conduit >0.99

Colon 9 (4.8) 8 (4.8) 1 (4.5)

Stomach 180 (95.2) 159 (95.2) 21 (95.5)

Anastomosis 0.24

Cervical 111 (58.7) 95 (56.9) 16 (72.7)

Intrathoracic 78 (41.3) 72 (43.1) 6 (27.3)

Approach 0.70

Transhiatal 5 (2.6) 5 (3.0) 0 (0.0)

Transthoracic 114 (60.3) 100 (59.9) 14 (63.6)

Robot 70 (37.0) 62 (37.1) 8 (36.4)

Primary tumour location 0.52

Cervical 8 (4.2) 8 (4.8) 0 (0.0)

Lower 49 (25.9) 41 (24.6) 8 (36.4)

Middle 87 (46.0) 78 (46.7) 9 (40.9)

Upper 45 (23.8) 40 (24.0) 5 (22.7)

Neoadjuvant treatment 73 (38.6) 61 (36.5) 12 (54.5) 0.16

CND 68 (36.0) 57 (34.1) 11 (50.0) 0.22

Clinical T 0.23

T1a 15 (7.9) 13 (7.8) 2 (9.1)

T1b 74 (39.2) 63 (37.7) 11 (50.0)

T2a 37 (19.6) 35 (21.0) 2 (9.1)

T3 52 (27.5) 48 (28.7) 4 (18.2)

Clinical N 0.17

N1 99 (52.4) 91 (54.5) 8 (36.4)

N2 51 (27.0) 43 (25.7) 8 (36.4)

N3 10 (5.3) 10 (6.0) 0 (0.0)

Nx 18 (9.5) 15 (9.0) 3 (13.6)

Pathologic stage 0.99

0 32 (16.9) 29 (17.4) 3 (13.6)

IA 16 (8.5) 15 (9.0) 1 (4.5)

IB 56 (29.6) 49 (29.3) 7 (31.8)

Table 1 (continued)
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Table 1 (continued)

Characteristics Total (N=189) Unilateral RLNP (N=167) Bilateral RLNP (N=22) P value

IIA 10 (5.3) 9 (5.4) 1 (4.5)

IIB 38 (20.1) 34 (20.4) 4 (18.2)

IIIA 8 (4.2) 7 (4.2) 1 (4.5)

IIIB 21 (11.1) 17 (10.2) 4 (18.2)

IV 8 (4.2) 7 (4.2) 1 (4.5)

Total_LN* 36.6±14.3 35.7±13.7 43.3±16.9 0.02

Metastatic_LN** 0.9±2.3 0.9±2.4 1.1±1.5 0.61

RLN LN metastasis 23 (12.2) 19 (11.4) 4 (18.2) 0.57

Resection status 0.22

R0 165 (87.3) 146 (87.4) 19 (86.4)

R1 22 (11.6) 20 (12.0) 2 (9.1)

R2 2 (1.1) 1 (0.6) 1 (4.5)

Data are expressed as n (%), median [IQR] or mean ± SD. *, Total_LN: total number of lymph nodes obtained during intraoperative 
lymphadenectomy. **. Metastatic_LN: total number of pathologically confirmed metastatic lymph nodes after surgery. RLNP, recurrent 
laryngeal nerve paralysis; BMI, body mass index; SqCC, squamous cell carcinoma; CND, central neck node dissection; RLN, recurrent 
laryngeal nerve; LN, lymph node; IQR, interquartile range; SD, standard deviation. 

transthoracic oesophagectomy via right thoracotomy in 114 
(60.3%) patients, 5 (2.6%) patients underwent transhiatal 
oesophagectomy, and 70 (37.0%) patients underwent 
RAE. The stomach was most commonly used as a conduit 
(95.2%) during oesophagectomy, while the colon was used 
for conduit in nine cases (4.8%). More than half of the 
study group (58.7%) underwent cervical anastomosis, while 
41.3% of the patients underwent intrathoracic anastomosis. 

We performed R0 resection on 165 (87.3%) patients, 
22 (11.6%) patients underwent R1 resection, and 2 (1.1%) 
patients underwent R2 resection.

All patients in this study underwent two-field (n=121, 
64.0%) or three-field (n=68, 36.0%) LN dissection 
with abdominal LN dissection. The mean number of 
LN dissected was 37 (36.6±14.3), and statistically, more 
LN dissections were performed in the bilateral RLNP 
group than in the unilateral RLNP group (P=0.02). 
Oesophagectomy was performed with a central neck 
dissection by an otolaryngologist.

Clinical course of patients with VCP 

Table 2 shows the postoperative course of RLNP patients 
who underwent oesophagectomy. There were 22 (11.6%) 

and 167 (88.4%) patients with bilateral and unilateral 
RLNP, respectively. In patients with unilateral RLNP, left-
sided RLNP was more common than right-sided RLNP 
(73.7% vs. 26.3%).

The most common RLNP-related complication was 
dysphonia (n=184, 97.4%), followed by aspiration (n=38, 
20.1%). During the postoperative course, aspiration 
pneumonia occurred in 21 (11.1%) patients. Tracheostomy 
was performed in 11 patient (5.9% of the entire group). 
Dyspnoea and tracheostomy were more common in the 
bilateral RLNP group than in the unilateral RLNP group.

Every patient with RLNP received oral feeding 
rehabilitation, and 145 (76.7%) patients underwent 
injection laryngoplasty with HA by an otolaryngologist. 
The patients with unilateral RLNP (83.2%) were mainly 
targeted; however, 27.3% of the patients in the bilateral 
group received HA injections. The median injection time 
for HA was 10 days (IQR: 7–27 days). Feeding jejunostomy 
was performed on 24 (12.7%) patients.

We discharged 173 (91.5%) patients with oral feeding. 
The swallowing function recovery rate tended to be higher 
in patients in the unilateral group (95.2%) than in the 
bilateral group, while 14 (63.6%) patients in the bilateral 
group recovered. The median time to initiate an effective 
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Table 2 Postoperative outcomes

Characteristics Total (N=189) Unilateral (N=167) Bilateral (N=22) P value

Lateralization

Right 44 (23.3) 44 (26.3) 0 (0.0)

Left 123 (65.1) 123 (73.7) 0 (0.0)

Both 22 (11.6) 0 (0.0) 22 (100.0)

Clinical symptoms

Dysphonia 184 (97.4) 163 (97.6) 21 (95.5) >0.99

Aspiration 38 (20.1) 35 (21.0) 3 (13.6) 0.60

Dyspnoea 11 (5.8) 7 (4.2) 4 (18.2) 0.03

HA injection 145 (76.7) 139 (83.2) 6 (27.3) <0.001

Time to HA injection, days, median [IQR] 10 [7–27] 10 [7–22] 112.5 [69.5–212.2] 0.07

Tracheostomy 11 (5.9) 4 (2.4) 7 (31.8) <0.001

Feeding jejunostomy 24 (12.7) 17 (10.2) 7 (31.8) 0.01

Discharge with Oral diet 173 (91.5) 159 (95.2) 14 (63.6) <0.001

Time to oral diet, days 9 [7–15] 9 [7–13] 16.5 [10.8–73.5] 0.04

Recovery 0.06

No 23 (12.2) 18 (10.8) 5 (22.7)

Partially 102 (54.0) 95 (56.9) 7 (31.8)

Fully 64 (33.9) 54 (32.3) 10 (45.5)

Recover period, months 4.4 [2.2–8.3] 4.1 [2.1–8.2] 6.55 [4.1–14.2] 0.31

Data are expressed as n (%) or median [IQR]. HA, hyaluronic acid; IQR, interquartile range.

Time trends of RLN recovery
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Figure 2 Time trends of recurrent laryngeal nerve recovery. The 
time trend graph shows most patient with recurrent laryngeal 
nerve palsy recovered within 6 months. RLN, recurrent laryngeal 
nerve.

oral diet was 9 days (IQR: 7–15 days)]. Patients in the 
bilateral RLNP group took a significantly longer time 
to commence oral diet [median 16.5 days (IQR: 10.8– 
73.5 days) in the bilateral group vs. median 9 days (IQR: 
7–13 days) in the unilateral group]. During the study 
period, 64 patients were fully recovered, 102 patients 
were partially recovered, and 23 patients were observed 
in a permanent palsy. Of the permanent palsy patients, 18 
patients could achieve oral diet with suitable rehabilitation 
and interventions.

Figure 2 shows the recovery passage over time. During 
the observed periods, 166 patients were able to regain oral 
feeding. Approximately two-thirds of the patients (65.6%) 
with RLNP recovered their swallowing function within 
6 months. In detail, 9 (5.4%) patients recovered within  
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Table 3 Factors analysis of nerve recovery with univariable and multivariable logistic regression

Factor
Univariable Multivariable

OR (95% CI) P value OR (95% CI) P value

Age 0.97 (0.92–1.03) 0.37

Sex (male) 2.11 (0.45–7.48) 0.28

Smoking (yes) 0.71 (0.20–2.04) 0.56

BMI 1.07 (0.94–1.24) 0.30

Neoadjuvant treatment 0.8 (0.33–1.96) 0.61

Conduit (stomach) 0.9 (0.05–5.24) 0.92

Anastomosis (cervical) 0.59 (0.22–1.45) 0.26

RAE 1 (0.41–2.53) >0.99

CND 1.06 (0.43–2.77) 0.90

pNodal stage (≥ N1) 0.88 (0.36–2.3) 0.78

RLN LN positive 1.52 (0.40–9.93) 0.59

pT1 0.23 (0.01–1.26) 0.17 0.22 (0.01–1.24) 0.16

pT2 0.34 (0.01–9.12) 0.46 0.22 (0.01–6.13) 0.31

pT3 0.1 (0.01–0.61) 0.04 0.11 (0.01–0.65) 0.04

pT4 0.01 (0–0.25) 0.008 0.02 (0–0.35) 0.01

Total number of dissected LN 1.02 (0.99–1.06) 0.25

RLNP side (right) 6.9 (1.35–126.18) 0.07 5.8 (1.08–107.85) 0.10

RLNP side (bilateral) 0.55 (0.19–1.83) 0.29 0.53 (0.17–1.9) 0.29

HA laryngoplasty (≥1 month) 1.19 (0.41–3.09) 0.73

Postoperative complication (yes) 1.42 (0.53–4.5) 0.51

OR, odds ratio; CI, confidence interval; BMI, body mass index; RAE, robot-assisted oesophagectomy; CND, central neck dissection; RLN, 
recurrent laryngeal nerve; LN, lymph node; RLNP, recurrent laryngeal nerve paralysis; HA, hyaluronic acid.

1 month, and 100 (60.2%) patients recovered within 1 to 
6 months. Fifty-seven (34.3%) patients recovered after  
6 months. Using several clinical and pathological factors, 
Table 3 shows the logistic regression analysis for RLNP 
recovery with successful oral feeding. As a result, pathologic 
T3 [odds ratio (OR) 0.11; 95% CI: 0.01–0.65, P=0.04] and 
T4 (OR 0.02; 95% CI: 0–0.35, P=0.01) stages were the 
only significant poor prognostic factor in univariable and 
multivariate analysis (Table 3).

Postoperative morbidity after oesophagectomy

Table 4 shows the postoperative complications. The median 
length of hospital stay after oesophagectomy was 16 days 
(IQR: 12–21 days). The unilateral group had a longer 

hospitalization period than the bilateral group (P=0.11), 
however, it was not statistically significant. The median 
intensive care unit (ICU) stay was 8 days (IQR: 2.5– 
14.5 days), and 17 (9.0%) patients were readmitted to the 
ICU because of pulmonary complications after transfer to the 
general ward. The bilateral group had a significantly higher 
ICU readmission rate than the unilateral group (P=0.046). 
The major complications of patients with RLNP in this 
study were as follows: 8 (4.2%) patients with pneumonia,  
2 (1.1%) patients with acute respiratory distress syndrome, 
and 11 (5.8%) patients with anastomosis-site leakage. There 
was no statistically difference in complication rate between 
the unilateral and bilateral groups. There was no early 
mortality within a month, but one in-hospital mortality was 
observed 40 days after the operation due to severe pneumonia.
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Table 4 Postoperative complication

Outcomes Total (N=189) Unilateral (N=167) Bilateral (N=22) P value

Hospital stay, days 16 [12–21] 15 [12–20] 22.5 [16.5–32.75] 0.11

ICU readmission 17 (9.0) 12 (7.2) 5 (22.7) 0.046

ICU stay*, days 8 [2.5–14.5] 9 [2–16.5] 7 [4.5–10.5] 0.27

In-hospital mortality 1 (0.6) 1 (0.5)

Postoperative complication 52 (27.5) 43 (25.7) 9 (40.9) 0.21

Detailed data

Pneumonia 8 (4.2) 6 (3.6) 2 (9.1) 0.52

ARDS 2 (1.1) 1 (0.6) 1 (4.5) 0.55

Wound infection 3 (1.6) 3 (1.8) 0 (0.0) >0.99

Anastomosis leakage 11 (5.8) 11 (6.6) 0 (0.0) 0.45

Conduit necrosis 1 (0.5) 1 (0.6) 0 (0.0) >0.99

Chylothorax 5 (2.6) 4 (2.4) 1 (4.5) >0.99

Data are expressed as n (%) or median [IQR]. *, ICU stay, median ICU days among the readmitted patients. ICU, intensive care unit; ARDS, 
acute respiratory distress syndrome; IQR, interquartile range.

Discussion

This study evaluated 189 patients with RLNP after 
oesophagectomy for clinical course and prognostic factors 
of nerve recovery. Initially 198 patients (20.1%) were 
diagnosed as RLNP during the post-operative hospital 
course and 23 patients (2.3%) were permanent RLNP 
in this observed period. In our institution’s strategy for 
management of RLNP, any patients who suspicious 
symptoms with VCP undergo vocal cord examination with 
laryngoscopy by otolaryngologist. This early screening 
strategy may relatively maximize the number of patients 
diagnosed with RLNP at early period, however, compared 
to the prevalence rate reported in previous papers, we think 
it falls within the expected range (5-8). 

RLNP-induced VCP after oesophagectomy is clinically 
significant because it can delay oral nutrient supply and 
cause morbidity and mortality. In total, 87.9% of the 
patients with RLNP recovered in this study. Through 
active interventions and rehabilitation training, 92% of 
the patients with RLNP could begin oral feeding before 
discharge, and all patients, except one deceased patient, 
could achieve oral feeding during follow-up. In total, 
5.3% of the patients had pulmonary complications. RLNP 
is caused by tumor progression, surgical technique, LN 
metastasis, and number of dissected LN. Only tumor T 
stage was statistically independent of VCP recovery.

Lymphadenectomy during oesophageal cancer surgery 
has complex procedures, longer surgery, and complications, 
especially RLNP. Previous studies reported that LN 
dissection might increase the incidence of RLNP (6,8,15). 
However, numerous recent studies clarify the survival 
benefit of oesophagectomy with LN dissection after 
neoadjuvant treatment (16-18). Additional cervical LN 
dissection, LN metastasis, and neoadjuvant treatment 
may be the cause of RLNP but were not related to nerve 
recovery in this study (17). Our findings could support the 
radical treatment for oesophageal cancer. Thoracoscopic 
oesophagectomy was developed as surgical techniques and 
instruments advanced and robot-assisted surgery magnifies 
intrathoracic surgical fields, allowing precise LN dissection 
(19,20). However, in our study, the robot-assisted technique 
was not a positive prognostic factor for RLNP recovery. 
The advantages of minimally invasive oesophagectomy for 
reducing RLNP continue to be debated, and further studies 
are needed (21).

Understanding normal anatomy and anatomic variants 
of the RLN is essential for thoracic surgeons to prevent 
RLN injury during oesophagectomy. The RLN originates 
from the vagus nerve and innervates the larynx. The left 
RLN loops under the aortic arch and ascends through the 
thoracic cavity, whereas the right RLN loops under the 
right subclavian artery. Because the left RLN has a longer 
anatomic course and is closer to the oesophagus or trachea 
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than the right RLN, the risk of left RLN injury during 
the surgery is higher, as observed in our study (65.1% vs. 
23.3%) (15). Due to the close anatomical proximity of 
RLN to the oesophagus at the cervical level, the incidence 
of RLNP is notably high in cases of cervical anastomosis 
(5,11,22). Meticulous dissection and proactive identification 
of the recurrent nerve can minimize nerve damage. 
However, this study found that cervical anastomosis, as 
a factor, did not have a statistically significant impact on 
RLNP recovery. Recently, continuous intraoperative RLN 
monitoring has been implemented in oesophageal surgery. 
Recent thoracic surgeons have used RLN monitoring based 
on an electrically stimulated nerve response. Ongoing 
studies examine the technical viability and clinical benefits 
of new RLN monitoring (23,24). 

Recovery  f rom RLNP occurred 2  weeks  a f ter 
oesophagectomy, and most patients with RLNP recovered 
spontaneous within 1 year after oesophagectomy for 
oesophageal cancer; recovery of RLNP after 1 year is 
uncommon (11,25,26). In this study, the median RLN 
recovery time was 4.4 months (IQR: 2.2–8.3 months), and 
there was no significant difference between the unilateral 
and bilateral groups. More than half of the 166 recovered 
patients with RLNP achieved nerve recovery within  
6 months (n=108, 65.3%), and only 22 patients recovered 
after 12 months (13.3%). During the entire study period, 
the partial or full recovery of RLN rate was 87%, and 
12.2% of the patients were diagnosed with permanent 
RLNP. 

The T stage of the primary tumour can be used to 
predict the development of RLNP during surgery (4). 
Since our study subject was about the patient with RLNP, 
more advanced stage patients were included, and the rate 
of incomplete surgical resection seems to be rather high. 
In this study, pathologic T3 and T4 were poor prognostic 
factors for RLNP recovery. Advanced T stage is linked to 
LN metastasis and a neoadjuvant treatment target. But 
neither LN metastasis nor neoadjuvant treatment affected 
prognosis of nerve recovery in this study. Primary T stage is 
an RLNP risk factor and a recovery factor. In the advanced 
T stage, the thoracic phase takes longer due to adhesion 
with surrounding structures and difficulty in surgery. Our 
statistical analysis did not include operation time, but a 
longer thoracic phase is associated with RLNP (27,28).

Pulmonary complications associated with RLNP after 
oesophagectomy significantly increase the ICU readmission 
rate, hospital stay, and mortality rate (4,8,12). Pulmonary 
complications after oesophagectomy have been reported to 

be 20–50%, and mortality rate is 10–40% (26,29,30). After 
oesophagectomy, proper management of RLNP improves 
the patient’s prognosis. Laryngoscopy performed at the 
appropriate time for a patient with suspicious symptoms 
allows for early detection of RLNP after oesophagectomy. 
In our institution, patients with suspicious RLNP symptoms 
at least 3 to 4 days after oesophagectomy were selected 
for vocal cord exam using laryngoscopy performed by 
an otorhinolaryngologist. All patients with RLNP were 
referred to swallowing rehabilitation by a rehabilitation 
specialist. Swallowing rehabilitation is conducted by the 
department of Rehabilitation Medicine. It is designed to 
promote movement of the oesophagus and protecting the 
airway by strengthening the oropharyngeal muscles from 
two perspectives: remedial approach and compensation. In 
our study, pulmonary complications in patients with RLNP 
were <1%. Although the RLNP state increases pulmonary 
complication, early active intervention could prevent 
mortality.

The intervention and surgical treatments for RLNP 
include thyroplasty, intracordal injection, arytenoid 
adduction, and laryngeal reinnervation to inwardly move 
the vocal cord or expand the glottis (31). There are many 
ways to improve symptoms caused by RLNP, but our 
institution primarily performs intracordal HA injection for 
patients with unilateral RLNP. Six patients with bilateral 
RLNP received HA injections after nerve recovery on one 
side. We tried to administer HA injections earlier than 
other institutions according to our VCP management 
strategy. We thought determining if the VCP is temporary 
or permanent was less important than patient recovery. The 
most important advantage of intracordal HA injection for 
patients is that it eliminates the risk of aspiration almost 
immediately after the procedure (32), thereby reducing 
the occurrence of pulmonary complication and speed oral 
diet implementation, which are the most important factors 
affecting the prognosis after oesophagectomy. In addition, 
improving voice quality increase satisfaction of patients 
(14,33). Another advantage is that reabsorption of the 
injection material is possible (14,33), so it can serve as a 
bridge before being diagnosed with permanent RLNP and 
performing other permanent techniques for treatment of 
RLNP.

Direct nerve anastomosis can repair the vocal cord and 
restore laryngeal muscle tone (28). In our institution, there 
was a small number of cases of RLN reconstruction for 
patients with bilateral RLNP, and the result was effective. 

There were limitations to this study. First,  the 
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retrospective nature of our database was not randomized 
control trial, and it was a single-centre study. Second, in 
our database, the laryngoscopic examination was performed 
only for diagnosis of RLNP and was not used to confirm 
the recovery state routinely. Third, we could not perform a 
statistical analysis to compare the effectiveness of the early 
application of HA injection, which we emphasize, against 
a group that did not receive it. Finally, we aim to evaluated 
clinical factors and strategy of our institution focused on 
RLNP recovery, and unfortunately, studies for the risk 
factors about occurrence of RLNP was not included in 
this study. In a future follow-up study, there should be a 
comprehensive studies or meta-analyses involving larger 
patient cohorts to robustly assess the effects on RLNP 
recovery.

Conclusions

RLNP i s  a  pred ic tab ly  se r ious  compl ica t ion  o f 
oesophagectomy. Advanced T stage was the only poor 
prognostic factor for RLNP recovery. Although many 
VCP patients recover spontaneously, early detection and 
multidisciplinary intervention are needed. Appropriate 
management of RLNP reduces postoperative complications.
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