
Abstract. Aim: To clarify risk factors and long-term
progress of postoperative recurrent laryngeal nerve paralysis
(PRNP) in patients with esophageal cancer. Patients and
Methods: One hundred and twenty-five esophageal cancer
patients, who underwent subtotal esophagetomy, including
recurrent laryngeal nerve lymphadenectomy, were analyzed.
A laryngoscopy was routinely performed to assess the motility
of vocal cords. Results: PRNP was detected in 79 patients
and 26 (20.8%) patients required medical interventions
(Grade II or more by the Clavien-Dindo classification; group
II). Forty-one of 66 (62.1%) patients recovered from PRNP
with a median postoperative time of 135 days. The three-field
lymphadenectomy and long operative time were the
independent prognostic factors of group II. Conclusion:
Radical operation caused PRNP with grade II or more. The
long-term follow-up of vocal cords was necessary to detect
patients with either transient or permanent PRNP.

Esophageal cancer is one of the most aggressive malignancies
worldwide (1, 2) and curative surgical resection with
systematic lymph node dissection remains a primary treatment
to obtain better prognosis. However, esophagectomy for
esophageal cancer has a high incidence of morbidity even with
recent advances in surgical methods combined with
perioperative management (3-5). In Japan, squamous cell
carcinoma (SCC) is the predominant pathological type of
esophageal cancer (6) and lymph nodes, along bilateral
recurrent laryngeal nerves (RLNs), are involved in the
regional lymph nodes and generally dissected against thoracic
or cervical esophageal cancer (7). Thereby, recurrent laryngeal

nerve paralysis appears to be one of the major postoperative
complications (8-10). As RLNs regulate motility of vocal
cords, the injury of RLNs can cause hoarseness and disorders
of swallowing and breathing and, sometimes, result in
respiratory complications, such as aspiration pneumonia and
airway obstruction. For this reason, the laryngoscopic
assessment of the vocal cord motility has a significant role in
the accurate diagnosis of postoperative recurrent laryngeal
nerve paralysis (PRNP) and the management of postoperative
complications related to PRNP (11) and is routinely performed
for patients with esophagectomy in our Institute.

The incidence of PRNP, consecutive to esophagectomy,
has been reported to range from <1.0 to 70% (8-10, 12-17);
however, the majority of these studies did not include
patients who underwent lymphadenectomy along bilateral
RLNs and assessment of vocal cord motility by
laryngoscope. Moreover, some of these studies included
patients who underwent transhiatal esophagectomy. In
addition, only few studies reported the long-term follow-up
of PRNP. Therefore, little is known about the predictors and
the clinical outcomes of PRNP in patients with esophageal
cancer after radical resection (10). The aim of this study was
to clarify the incidence, risk factors and clinical course of
PRNP following esophagectomy with lymphadenectomy
along bilateral RLNs in esophageal SCC patients.

Patients and Methods

Patients. The medical records of 125 patients with esophageal SCC
who underwent subtotal esophagectomy with systematic
lymphadenectomy (curative R0 resection) in the Department of
Surgery, Division of Digestive Surgery, Kyoto Prefectural
University of Medicine, Japan, between 2008 and 2011 were
reviewed. The following patients were excluded from this study (i)
patients with preoperative recurrent laryngeal nerve paralysis, (ii)
patients without undergoing lymphadenectomy along RLNs and (iii)
patients who underwent planned tracheotomy pre- or intra-
operatively. The present study conformed to the ethical guidelines
of the World Medical Association Declaration of Helsinki Ethical
Principles for Medical Research Involving Human Subjects. Written
informed consent was obtained from all patients.
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Surgical treatment for primary tumor. All 125 patients underwent
transthoracic esophagectomy via right thoracotomy and retrosternal
construction using gastric tube with cervical anastomosis by hand-
sewn technique. In our Institute, the patients with cervical and upper
thoracic esophageal cancer generally underwent three-field
(cervical, mediastinum, and abdomen) lymphadenectomy, while
those with middle to lower thoracic and abdominal esophageal
cancer underwent two-field (mediastinum, and abdomen)
lymphadenectomy. The range of lymphadenectomy was determined
according to Japanese classification of esophageal cancer (7). The
enteric feeding tube was routinely placed.

Assessment of vocal cords. The motility of vocal cords was assessed
using a laryngoscope by an otolaryngologist in our Institute before
operation, at the extubation (usually postoperative day 1) and before
starting meal (postoperative day 7). PRNP was defined when either
complete or incomplete paralysis was detected at both laryngoscopy
in twice after operation, but not before operation. The grade of
recurrent laryngeal nerve paralysis was classified according to the
Clavien-Dindo classification (18) and its supplementary criteria
advocated by the Japan Clinical Oncology Group (JCOG) (19). In
particular, grade I: clinical observation or diagnostic evaluation only
(intervention not required); grade II: aspiration, medical
management indicated; grade IIIa: severe aspiration, food intake
almost impossible, medical intervention under local anesthesia
indicated; grade IIIb: intervention under general anesthesia indicated
(including tracheostomy under anesthesia); grade IVa: mechanical
ventilation indicated; grade IVb: sepsis or multiple organ failure;
grade V: death (19). Complications of grade II to V were defined
only when the patients initially had PRNP. Then, the patients were
divided into two groups; patients without PRNP or with PRNP of
grade I (group I) and grade II or more (group II) who required any
treatment intervention for PRNP. After hospital discharge, patients
with PRNP were continuously followed once every three months by
otolaryngologists at the outpatient clinic until their recovery. Vocal
fold injection or medialization was not utilized.

Assessment of clinicopathological features. Various preoperative
clinical and surgical features were analyzed. The recurrent laryngeal
nerve lymph nodes with 10 mm or more in shorter diameter by
multi-detector computed tomography (CT) scan were defined as
metastatic lymph nodes. The preoperative treatment involved
chemotherapy or chemoradiotherapy. The staging of tumors was
classified according to the TNM classification for esophageal
cancer, 7th edition (20).

Statistical analysis. The Chi-square test and Fisher’s exact test were
used to evaluate the difference in proportion, while Student’s t-test
was used to evaluate the continuous variables. Multivariate logistic
regression was used to identify risk factors associated with PRNP
of grade II or more. All p-values less than 0.05 were considered
significant. 

Results
Of all 125 patients, 46 (36.8%) had no PRNP, while 53
(42.4%), 14 (11.2%), 9 (7.2%) and 3 (2.4%) patients
developed PRNP of grade I, II, IIIb and IVa, according to the
Clavien-Dindo classification, respectively, and, therefore, the
number of patients in group II was 26 (20.8%).

The clinical characteristics, as well as the surgical and
pathological outcomes of patients in each group are shown
in Table I. The incidence of PRNP of grade II or more was
significantly more related to cervical or upper esophageal
located tumors (p=0.007), three-field lymphadenectomy
(p=0.001) and long total operative time (p=0.034). This
incidence tends to be more frequent in patients with lower
body mass index (BMI) (p=0.053). However, there was no
significant difference in other elements, including presence
of preoperative treatment and lymph node metastasis along
laryngeal recurrent nerve, between the two groups.

Multiple logistic regression analysis was performed based
on range of lymphadenectomy, total operative time and BMI,
where the p-value of univariate analysis was <0.1. Location
of tumor was excluded considering its close correlation with
range of lymphadenectomy. The analysis revealed that three-
field lymphadenectomy and total operative time longer than
420 minutes were the independent risk factors associated
with PRNP of grade II or more (Table II).

The short- and long-term clinical outcomes of PRNP in 79
patients are summarized in Table III. Twenty-five (31.6%)
patients developed bilateral vocal cord paralysis, while 47 and
7 patients of 54 patients with unilateral PRNP had left and right
vocal cord paralysis, respectively. Bilateral vocal cord paralysis
was significantly related to PRNP of grade II or more than
unilateral vocal cord paralysis (p<0.001). Two patients were
excluded (1 with grade I and 1 with grade II) who died in
hospital and 11 patients (7 with grade I and 4 with grade II or
more) who had no follow-up assessment after hospital
discharge; the remaining 66 patients were continuously
followed by an otolaryngologist with a median follow-up time
of 170 (range=26-1,758) days after operation. Thirty (66.7%)
of 45 patients with PRNP of grade I and 11 (52.4%) of 21
patients with PRNP of grade II or more achieved a complete
recovery from PRNP. The mean postoperative time for
complete recovery from PRNP was 139 and 190 days in
patients with grade I and II or more, respectively, and there was
no statistical difference between the two groups (p=0.466).

Discussion

This study revealed that the overall incidence of PRNP and
PRNP with the Clavien-Dindo grade II or more after subtotal
esophagectomy including lymphadenectomy along bilateral
RLNs were 63.2% and 20.8% in patients with esophageal
SCC, respectively. Furthermore, three-field lymphadenectomy
and long operative time were selected as the independent risk
factors associated with PRNP in need of treatment.

The frequency of PRNP in this study was quite high
compared to other reports (8-10, 12-15, 17). However, in
those previous studies, the presence of PRNP was evaluated
by clinical symptoms so that the incidence of asymptomatic
PRNP, which could be detected only by a laryngoscope, was
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not included. The clinical impression of PRNP was often
found to be incorrect (21). Pertl et al. (10) reported that a
laryngoscopic evaluation was routinely performed for 84
esophageal cancer patients, with the incidence of unilateral
PRNP being 50% after esophagectomy followed by cervical
anastomosis. In our study, the motility of vocal cords was
visually assessed by a laryngoscope in all patients before and
after surgery. Furthermore, the lymphadenectomy along
bilateral RLNs was not performed or not described as the
method of lymphadenectomy in most previous studies. In
this work, all patients underwent a radical lymphadenectomy
along bilateral RLNs, which could increase the risk of PRNP.
Fujita et al. (16) reported that the rate of PRNP in thoracic
esophageal squamous cell carcinoma (ESCC) patients after
three-field lymphadenectomy was up to 70%. Considering
these two points, the incidence of PRNP in this study should
be interpretable.

The Clavien-Dindo classification is widely used to present
the results of postoperative complications (18). However, to
the best of our knowledge, there has been no study reporting
on the incidence of PRNP after esophagectomy using the

Clavien-Dindo classification. This is mainly because the
asymptomatic PRNP, which is grade I (42.4% in this study),
is hard to detect without laryngoscopy. Patients with PRNP
of grade I may have a potential risk to develop into grade II
or more. In our Institute, a routine perioperative swallowing
rehabilitation was re-planned depending on the presence of
PRNP and a videofluoroscopic examination of swallowing
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Table I. Clinicopathological characteristics of all patients.

                                                                                                                                                Grade of PRNP

Variable                                                     Level                                               Group I (n=99)                        Group II (n=26)                          p-Value

Gender                                                       Male                                                     82 (82.8)                                   22 (84.6)                                  1.000
                                                                  Female                                                 17 (17.2)                                    4 (15.4)                                       
Age, years                                                                                                              64.2±7.9                                    65.4±9.3                                  0.495
Location of tumor                                     Ce/Ut                                                   16 (16.1)                                   11 (42.3)                                  0.007
                                                                  Mt/Lt                                                   83 (83.9)                                   15 (57.7)                                      
Body mass index, kg/m2                                                                                       21.2±3.3                                    19.8±3.1                                  0.053
Serum albumin, g/dl                                 4.0≤                                                      62 (62.6)                                   14 (53.8)                                  0.500
                                                                  <4.0                                                      37 (37.4)                                   12 (46.2)                                      
HbA1c, %                                                 5.8≤                                                      19 (19.2)                                    4 (15.4)                                   0.782
                                                                  <5.8                                                      80 (80.8)                                   22 (84.6)                                      
Metastasis of RLN LNs                           Negative                                              73 (73.7)                                   17 (65.4)                                  0.463
                                                                  Positive                                                26 (26.3)                                    9 (34.6)                                       
Preoperative treatment                             Negative                                              30 (30.3)                                    6 (23.1)                                   0.628
                                                                  Positive                                                69 (69.7)                                   20 (76.9)                                      
Surgical approach                                     Thoracotomy                                       84 (84.8)                                   23 (88.5)                                  0.910 
                                                                  Thoracoscopy                                      15 (15.2)                                    3 (11.5)                                       
Range of lymphadenectomy                    Two-field                                             76 (76.8)                                   11 (42.3)                                  0.001 
                                                                  Three-field                                           23 (23.2)                                   15 (57.7)                                      
Amount of bleeding, g                                                                                          504±520                                    520±543                                  0.888 
Intrapleural operation time, min                                                                            112±50                                      103±49                                   0.400
Total operation time, min                                                                                       413±68                                     450±100                                  0.034 
Metastasis of RLN LNs                           Negative                                              79 (79.8)                                   18 (69.2)                                  0.292 
                                                                  Positive                                                20 (20.2)                                    8 (30.8)                                       
Stage                                                          0-II                                                       51 (51.5)                                   15 (57.7)                                  0.661 
                                                                  III-IV                                                   48 (48.5)                                   11 (42.3)                                      

Values are n (%) or mean±standard deviation unless otherwise indicated. PRNP, Postoperative recurrent laryngeal nerve paralysis; RLN LNs,
recurrent laryngeal nerve lymph nodes; Ce, cervical esophagus; Ut, upper thoracic esophagus; Mt, middle thoracic esophagus; Lt, lower thoracic
esophagus.

Table II. The multivariate association with PRNP.

Variable                                             OR               95% CI             p-Value

Body mass index, kg/m2                                                                      
<20 versus ≤20                            2.409          0.842-7.303           0.102

Range of lymphadenectomy                                                                
Three-field versus Two-field       3.405          1.309-9.074           0.012

Total operation time, min                                                                     
≤420 versus <420                        3.737         1.230-12.544          0.020

PRNP, Postoperative recurrent laryngeal nerve paralysis; OR, odds ratio;
CI, confidence interval.



was considered to be added in order to prevent aspiration
(data not shown). 

In this study, multivariate analysis revealed that three-field
lymphadenectomy and total operative time longer than 
420 minutes were the independent risk factors associated with
PRNP of grade II or more. In addition, previous studies also
reported that three-field lymphadenectomy was significantly
related to PRNP than two-field (16, 22). These results clearly
suggested that surgical stress could be the major cause of
PRNP. Some studies reported about the usefulness of
intraoperative recurrent laryngeal nerve monitoring to prevent
PRNP (23, 24). Recently, our group have established a new
surgical technique, laparoscopic transhiatal esophagectomy
without thoracoscopic procedure, to achieve less invasiveness
(25-27) and reported a lower incidence of PRNP in patients
with laparoscopic transhiatal esophagectomy (28). Further
studies with a larger number of patients appear essential to
emphasize this conclusion.

There have been few studies focusing on the long-term
progress of PRNP (10, 17). Our study showed that 20.8%
(16/77) of PRNP patients were healed before hospital discharge
and 62.1% (41/66) of PRNP patients were found, by a
laryngoscopic examination during the follow-up, to have fully
recovered. In addition, the median postoperative time until full
recovery was 135 days in these 41 patients. Baba et al. (17)
reported that 41.2% of patients with PRNP on hospital
discharge recovered within 1 year of esophagectomy and PRNP
caused debilitation in quality of life. Considering these results,
at least more than half a year after surgery should be necessary
for follow-up, while proper education should be provided to
each patient according to the motility of vocal cords.

In conclusion, PRNP with Clavien-Dindo grade II or more
occurred in 20.8% after esophagetomy with recurrent nerve
lymphadenectomy, with radical lymphadenectomy and
longer operative time being risk factors. The long-term
follow-up of vocal cords was important to detect patients
with either transient or permanent PRNP.
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