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ABSTRACT

Background & Aims: The development of an esophagorespiratory fistula (ERF) in patients with esophageal
cancer (EC) is associated with poor prognosis. We observed a high rate of vocal fold paralysis (VFP) in patients
with ERE. Data on prevalence and complications of VFP in ERF are lacking. The present study investigated the
incidence of VFP in patients with malignant ERF and examined possible risk factors and the impact on survival.
Methods: We performed a retrospective case-control study of 46 institutional cases of EC patients with ERF
in a time period of eleven years. Patients were matched to 92 randomly selected controls (EC patients without
ERF) in a 1:2 fashion for tumor localization and histology. Demographics, clinical characteristics, recurrence,
treatment modalities as well as survival were analyzed.

Results: Esophageal cancer patients with ERF developed more often VFP than EC patients without ERF (59%
vs. 21%; p=0.02; odds ratio (OR) 4.9). Esophageal cancer patients with ERF had a more pronounced weight
loss (7.1 vs. 11.5 kg; P = 0.008), as well as higher rates of esophageal (p=<0.001; OR 22.9) and tracheal stenting
(p=<0.001; OR 76.8). Proximal tumor growth (p=0.004; OR 7.9), fistula formation to the trachea (p=<0.001;
OR 17.2) and recurrent disease (p=0.04, OR 4.7) was associated with VFP development in EC patients with
ERE. Vocal fold paralysis in ERF did not adversely affect five-year survival.

Conclusions: Vocal fold paralysis is a common complication in more than half of the patients with ERF in
EC. It is associated with proximal tumor growth, fistula formation to the trachea and disease recurrence, but
does not influence survival.

Key words: vocal fold paralysis — esophagorespiratory fistula — esophageal cancer.

Abbreviations: EC: esophageal cancer; ERF: esophagorespiratory fistula; RLN: recurrent laryngeal nerve;
VEFP: vocal fold paralysis.

INTRODUCTION

The development of
esophagorespiratory fistula
(ERF) in esophageal cancer
(EC) is usually a sign of late stage
disease, being associated with
poor prognosis [1]. The strongest
risk factors for ERF formation
are proximal tumor growth in
the esophagus and histology
of squamous cell carcinoma
[2]. The artificial connection
between the esophagus and
the trachea or bronchi leads
to chronic inflammation and
infection of the airways and

lung, partly explaining the high morbidity associated with
this complication. Although sealing the fistula by esophageal
or tracheal stenting is possible with high success rates, survival
after fistula formation is still measured in weeks or months [3].
Therefore, there are likely to be other, unknown factors that
adversely influence survival in patients with ERF in EC. We
observed a high proportion of patients with ERF and vocal
fold paralysis (VFP) during routine patient care.

The vocal folds are innervated by branches of the vagus
nerve. One branch, namely the recurrent laryngeal nerve
(RLN), provides innervation responsible for abduction of the
vocal folds. The left recurrent laryngeal nerve passes in front
of the aortic arch and makes a loop around it, to ascend back
to the larynx in a groove between the esophagus and trachea.
The right RLN dips posteriorly around the subclavian artery
and ascends in the groove between the esophagus and trachea
[4]. Therefore, a tumor that leads to fistula formation between
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the esophagus and trachea may also compress or infiltrate the
RLN. One sided RLN paralysis leads primarily to hoarseness
and sporadically to aspiration and difficulties with breathing
or swallowing [5]. On the contrary, patients with bilateral VFP
have varying degrees of airway narrowing through reduction
of the glottal area [6]. Also dysphonia and dysphagia with
aspiration occurs [7].

The rate of VFP in EC patients with ERF is unknown.
We hypothesized that VFP in malignant ERF contributes to
morbidity and mortality by dysphagia and weight loss, as well
as chronic aspiration. Therefore, the aim of this study was to
determine the rate of VFP in patients with malignant ERF
and identify the risk factors, complications and mortality
related to it.

METHODS

Study patients

From 2008 to 2018 patients developing ERF in EC were
retrospectively reviewed. In the local patient record database at
the Klinikum Stuttgart, 50 adult patients with ERF inEC were
identified. Four patients had to be excluded from the analysis,
because they had prior laryngectomy. Multiple databases were
used (the institutional endoscopy database and databases
containing discharge diagnosis). Esophagorespiratory fistula
was diagnosed by either direct visualization during upper
gastrointestinal endoscopy and bronchoscopy or contrast
radiography of the upper gastrointestinal tract. Vocal fold
paralysis was diagnosed by direct or indirect laryngoscopy by
an ear-nose-throat specialist or by bronchoscopy. We matched
the 46 patients with ERF in EC in a 1:2 fashion to 92 randomly
selected controls with esophageal cancer, but without ERE
Random selection was performed by software based random
allocation. Matching was performed by MedCalc Version
19.0.5 (MedCalc Software bv, Ostend, Belgium). Controls were
selected from a total cohort of 573 patients with EC.

Data acquisition

Information recorded was: age at initial diagnosis, sex,
location of tumor (proximal, middle, distal part of esophagus
and distance in centimeters from dental arch), histology
(squamous vs. non-squamous), grading (1-3), initial tumor (T)
stage (1-4), node (N) stage (0 or +), or metastasis (M) stage
(0 or 1), former or current smoking status, VFP development
(yes/no and unilateral/bilateral), need for esophageal or airway
stent placement, need for bougienage, therapy (chemotherapy,
radiotherapy, surgery) and survival in days. TNM information
was obtained by imaging techniques and by endoscopic
ultrasound. Proximal esophagus was defined as majority of
tumor growth up to 25 cm from incisors, middle as 25-32 cm
from incisors and distal from 32 cm and beyond. To calculate
mean weight loss, two weight measurements were considered:
first weight documented at initial diagnosis and last weight
documented within the last 21 days before death. In patients
with long term survival, last weight measurement available was
used for calculation. Not all variables were readily available for
every patient in the database, resulting in partly missing cases.
In case of satellite tumors, only the main tumor, respectively
the tumor that led to fistula formation was considered.
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Statistic analysis

The primary goal of this study was to evaluate the
prevalence of VFP in patients with ERF in EC, compared
to patients without ERE The secondary goal was to evaluate
the risk factors and survival of patients with VFP and ERE
Characteristics of patients with or without ERF were compared
using Fisher’s exact test for categorical variables and student
t-test for metric variables. A matched dataset was used for the
analysis. Therefore, conditional logistic regression analysis was
conducted to estimate the odds ratio (OR) and 95% confidence
interval (CI) and to investigate the association between clinical
characteristics and risk factors for ERF formation. Covariates
were selected through a backward stepwise selection. Log-
rank (Mantel-Cox) test was used to determine five-year
survival. Continuous data are either represented as median +
(interquartile) range or mean and standard deviation. Reported
p-values are 2-tailed, with p<0.05 being considered statistically
significant. SPSS (SPSS 24, SPSS Inc., Armonk NY, USA) and
GraphPad Prism 7 (GraphPad Software, La Jolla, California
USA) were used for statistical analysis.

Ethics approval

The study was approved and authorized by the hospital
ethics committee of University Tiibingen, Project number:
879/2017BO2. Since diagnosis and treatment correspond to
the quality standard of current guidelines, no written informed
consent of the patients was considered necessary.

RESULTS

Demographics and clinical characteristics

In a time period of eleven years, 50 out of 573 EC patients
developed EREF, resulting in a cumulative incidence of 8.7%.
Four of these patients had to be excluded from the analysis,
because they had partial or total laryngectomy prior to EC
development. The remaining 46 cases were matched in a 1:2
fashion to 92 randomly selected controls for the variables
tumor localization and histology. Squamous cell carcinoma
was present in 93% of all patients, whereas 7% had non-
squamous cell carcinoma (all of them adenocarcinoma). In
the ERF group there were 30 patients with proximal, 14 with
middle and two with distal squamous cell carcinoma and
ERE. The control group was comprised of 60 patients with
proximal EC, 28 with middle and 4 with distal EC without
ERE. Esophageal cancer patients with ERF were younger
(61.5 years; range 48-82years) than EC patients without ERF
(66 years; range 45-94 years) (p=0.03). Gender distribution
was 75% male in the control group and 78% male in the
ERF group. More patients with ERF underwent esophageal
stenting (15% vs. 80%; p<0.001) or airway stenting (2% vs.
63%; p<0.001). Significantly more patients in the ERF group
had vocal fold paralysis (59% vs 21%; p=0.02). Patients with
ERF had a more pronounced mean weight loss (11.5+6.2 kg)
than patients in the control group (7.1+8.8 kg) (p=0.008).
Results are summarized in Table I.

Risk factors for VFP in EC with ERF
In a second step, risk factors for VFP development in EC
patients with ERF were evaluated. Proximal tumors were
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Table I. Demographics and clinical characteristics of patients with and without esophagorespiratory
fistula formation in esophageal cancer

EC without ERF  EC with ERF  Odds ratio (95%CI) p
(N=92) (N=46)
Median age (years, range) 66 (45-94) 61.5 (48-82) - 0.03
Gender (%)
Male 69 (75) 36 (78)
Female 23 (25) 10 (22) 0.96 (0.79-1.16) 0.83
Vocal fold paralysis (%)
No-VFP 73 (79) 19 (41)
VFP 19 (21) 27 (59) 5.46 (2.52-11.84) <0.001
T-stage (%)
Non-T4 62 (68) 36 (78)
T4 29 (32) 10 (22) 0.59 (0.26-1.36) 0.24
N-stage (%)
NO 14 (16) 13 (28)
N+ 74 (84) 33(72) 0.48 (0.2-1.13) 0.11
M-stage (%)
MO 66 (73) 35 (76)
M1 24 (27) 11 (24) 0.86 (0.38-1.97) 0.84
Grading (%)
G1+ G2 50 (58) 24 (52)
G3 37 (42) 22 (48) 1.24 (0.6-2.54) 0.59
Relapse (%)
No relapse 56 (62) 28 (61)
Relapse 35 (38) 18 (39) 1.03 (0.5-2.13) 1
Bougienage (%)
No bougienage 35 (39) 17 (37)
Bougienage 56 (61) 29 (63) 1.07 (0.51-2.22) 1
Chemotherapy (%)
No chemotherapy 10 (11) 9 (20)
Chemotherapy 82 (89) 37 (80) 0.5 (0.19-1.34) 0.19
Radiotherapy (%)
No radiotherapy 23 (25) 17 (37)
Radiotherapy 68 (75) 29 (63) 0.58 (0.27-1.24) 0.17
Surgery (%)
No surgery 75 (82) 36 (78)
Surgery 16 (18) 10 (22) 1.3 (0.54-3.15) 0.65
Esophageal stenting (%)
No esophageal stenting 78 (85) 9 (20)
Esophageal stenting 14 (15) 37 (80) 22.9 (9.1-57.72) <0.001
Airway stenting (%)
No airway stenting 90 (98) 17 (37)
Airway stenting 2(2) 29 (63) 76.77 (16.73-352.31)  <0.001
Weight loss, kg 7.1(8.8) 11.5 (6.2) - 0.008

(standard deviation)

EC: esophageal cancer; ERF: esophagorespiratory fistula

significantly more often associated with VFP (42% vs. 85%;
p=0.004). The strongest risk factor for VFP formation was fistula
location in the trachea rather than more distal airways (42% vs.
93%; p<0.001). Relapse rate also increased the occurrence of
VEFP besides tumor localization and tracheal fistulation. More

patients with VFP had a local or distant recurrence of their EC
(p=0.04). Vocal fold paralysis had no influence on mean weight
loss between groups (p=0.78). Mean weight loss was 10.6+6.2
kg in patients without VFP and 12.2+6.4 kg in patients with
VEFP. Results are summarized in Table IL.
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Table II. Risk factors for the development of vocal fold paralysis in patients with malignant esophagorespiratory

fistula in esophageal cancer

No VFP (N=19)  VFP (N=27)  Odds ratio (95%CI) p-value
Gender (%)

Female 6 (32) 4 (15)

Male 13 (68) 23 (85) 2.65(0.63-11.16) 0.28
Median age (range) 64 (45-82) 61 (49-79) - 0.78
T stage (%)

Non T4 13 (68) 23 (85)

T4 6(32) 4(15) 0.37 (0.09-1.59) 0.28
N stage (%)

NO 5(26) 8 (30)

N+ 14 (74) 19 (70) 0.85(0.23-3.15) 1
M stage (%)

MO 15 (79) 20 (74)

M1 4(21) 7 (26) 1.31 (0.32-5.32) 1
Grading (%)

Gl +G2 11 (58) 13 (48)

G3 8 (42) 14 (52) 1.48 (0.45-4.83) 0.56
Primary tumor localization (%)

Non-proximal 11 (58) 4 (15)

Proximal 8(42) 23 (85) 7.91 (1.95-32.03) 0.004
Fistula localization

Other than trachea 11 (58) 2(7)

Trachea 8(42) 25(93) 17.19 (3.13-94.47) <0.001
Relapse (%)

No relapse 15 (79) 12 (44)

Relapse 4(21) 15 (56) 4.69 (1.23-17.88) 0.03
Bougienage (%)

No bougienage 9 (47) 8 (30)

Bougienage 10 (53) 19 (70) 2.14 (0.63-7.26) 0.35
Chemotherapy (%)

No chemotherapy 6 (32) 3(11)

Chemotherapy 13 (68) 24 (89) 3.69 (0.79-17.25) 0.13
Radiotherapy (%)

No radiotherapy 7 (37) 10 (37)

Radiotherapy 12 (63) 17 (63) 0.99 (0.29-3.35) 1
Surgery (%)

No surgery 15 (79) 21(78)

Surgery 4(21) 6 (22) 1.07 (0.26-4.47) 1
Esophageal stenting (%)

No esophageal stenting 3(16) 6(22)

Esophageal stenting 16 (84) 21(78) 0.66 (0.14-3.03) 0.72
Airway stenting (%)

No airway stenting 9 (47) 8 (30)

Airway stenting 10 (53) 19 (70) 2.14 (0.63-7.26) 0.35
Weight loss, kg (standard deviation) 10.6 (6.2) 12.2 (6.4) - 0.78

VEFP: vocal fold paralysis

Out of 27 patients with ERF and VFP, ten had right-sided
VEFP (37%), nine left-sided VFP (33%) and eight bilateral VFP
(30%). In one patient with left-sided VFP, tracheostomy had
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to be performed, due to rapidly worsening dyspnea. In two
patients with bilateral VFP, tracheostomy was performed, and
two patients had laser surgery with resection of the posterior
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vocal cord. In four patients with bilateral VFP no intervention
was performed. Two patients had only moderate symptoms
and in two patients no intervention was performed due to
advanced disease and very limited life expectancy. The need for
esophageal stent placement was not different between groups
(p=0.72). Two patients without VFP and four patients with
VFP experienced esophageal stent migration and need for
replacement. Six patients without VFP and five patients with
VEFP suffered from overgrowth of stent by granulation tissue
or tumor. In one patient in the VFP group the esophageal
stent had to be removed because of severe chest pain. In the
same patient rapid tumor growth led to tumor overgrowth of
the airway stent and airway narrowing, resulting in the need
for revision and extension of the airway stent. Airway stent
migration occurred in two patients in each group. Removal of
granulation tissue or tumor overgrowth was necessary in three
patients without VFP and four patients with VFP.

Survival of ERF patients with VFP

Median survival after initial diagnosis of EC in patients
with ERF but without VFP was 256 days (interquartile range
485 days). Median survival in patients with ERF and VFP was
465 days (interquartile range 451 days). Survival did not differ
significantly (p=0.49; hazard ratio 1.25, 95%Cl: 0.7-2.3). Five-
year survival is shown in Fig. 1.

== No VFP

- VFP

Percentage of Survival

Years

Fig. 1. Five-year survival of patients with esophagorespiratory fistula
in esophageal cancer with and without vocal fold paralysis (VEP).

DISCUSSION

To our knowledge this is the first study assessing VFP in
patients with malignant ERE The key finding of this study
was that VFP is a common complication of ERF in EC. The
strongest risk factors for VFP development were proximal
tumor growth, fistula formation to the trachea and disease
relapse. Despite obvious concerns regarding a higher mortality,
we could not establish any adverse effect of VPF on survival
in EC patients with ERE

Vocal fold paralysis may complicate thoracic and thyroid
cancers and is associated with increased morbidity [8, 9].
Literature shows that around five percent of intrathoracic
esophageal carcinomas are associated with VFP [10]. During
routine patient care we observed that a large proportion of
EC patients with ERF had VFP. In the literature, we could not
find any data on this set of patients. This study shows that VFP

is a very common finding in EC patients with ERF, as more
than half of the patients had uni- or bilateral VEP. Previous
publications have shown that patients with ERF in EC are
significantly younger than without ERF (2, 11, 12]. We were
able to reproduce this finding, explaining the age difference
in our study. Patients with ERF showed a higher level of
morbidity expressed by a more pronounced weight loss, as
well as a higher need for esophageal or airway stenting. In
contrast to the literature, we also observed a very high rate of
VEP in our control group. As the patients were matching for
histology and primary tumor localization, we had a high rate
of proximal ECs in the control group. Matching was necessary,
as past publications have shown that histology of squamous
cell carcinoma and proximal tumor growth are the strongest
risk factors for ERF formation [2]. As the recurrent laryngeal
nerve (RLN) is part of the superior mediastinum, only proximal
tumors of the esophagus can lead to direct infiltration of
the RLN [10]. Patients with VFP due to RLN invasion or
lymph node metastasis along the RLN have a poor prognosis,
which has been shown for different tumor entities, including
esophageal cancer [13-15]. In these cases, VFP is usually
caused by direct extension of the tumor to the RLN, but also
by involvement of metastatic lymph node metastasis. Therefore,
one could expect that VFP in ERF is associated with a higher
T and N stage. Surprisingly, we were able to show that this is
not the case. Direct tumor invasion of the nerve also does not
seem to play a key role in recurrent laryngeal nerve palsy, as
the T stage was not linked to VFP either. In past publications,
T stage was also not associated with ERF formation in EC [16].
Instead, one might hypothesize that tumors leading to ERE,
induce an inflammatory response in their surroundings. As
the RLN is situated between the esophagus and the trachea,
it would be frequently affected by this inflammatory process.

The two strongest risk factors for VFP in ERF were
localization of the fistula between the esophagus and the
trachea and proximal tumor growth. In our study, 93% of
patients with VFP in ERF had fistula formation to the trachea,
in contrast to 42% of patients without VFP in ERE This is
explained anatomically, as the RLN ascends to the larynx in
a groove between the proximal esophagus and the trachea.
A tumor extending from the esophagus to the trachea that
induces an inflammatory response leading to fistula formation,
should also lead to infiltration of the RLN.

The third identified risk factor was disease relapse. The
reason for this phenomenon is unclear. In papillary thyroid
cancer, direct invasion of the RLN observed during operation,
resulted only in 36% of cases in VFP [14]. This observation
shows that other mechanisms are involved in malignant RLN
paralysis. Several studies in thyroid cancer showed that RLN
invasion is associated with a higher recurrence rate, even
when the RLN was also resected operatively [14, 17]. Hence,
one might hypothesize that tumors leading to VFP or RLN
invasion are somewhat biologically different, being more prone
to metastasize earlier. Recurrent laryngeal nerve injury may
be caused by placement of self-expandable metal stents in
the proximal esophagus [18]. We hypothesized that disease
recurrence leads more often to the need for esophageal or
airway stenting and thereby increases the risk for RLN. But
airway or esophageal stenting was not associated with the
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occurrence of VFP in malignant ERF patients. Tumors in
the cervical portion of the esophagus are difficult to manage.
Though, studies have shown that early and late complications
after stent implantation are not different between proximal and
distal esophageal cancers [19]. Also surgery for esophageal
cancer, a known risk factor for VFP, was not associated with
RLN injury in our study cohort [20]. We mostly attribute
this to the small sample size in this study. As VFP after
esophagectomy occurs only in around 24% of patients, we
were not able to discern this statistically with only a few
patients in each group [21]. In our study population, surgery
was performed for the treatment of EC and not for the
treatment of ERF. Esophagorespiratory fistula formation after
surgery was a result of disease relapse. Especially in patients
after thoracic surgery, VFP was associated with increased
risk of pneumonia, respiratory failure, longer hospital stay
and recurrent aspiration [22,23]. Breathing and swallowing
symptoms affected 76% and 66% of patients with unilateral
VEP [24]. We thereby hypothesized that VFP contributes to
morbidity and mortality in patients with ERF in EC. However,
no difference was seen in weight loss or five-year survival
in patients with or without VPF in ERFE. Although survival
appears to be higher in patients with VFP in ERF after one
year, resulting in a higher median survival (median 256 vs.
465 days), survival curves approach each other after two years,
resulting in a comparable overall survival. The seemingly big
difference in median survival is mostly attributable to the small
sample size. A study by Loochtan et al [21], also reported that
VEP after esophagectomy for EC was associated with a higher
risk of tracheotomy and longer lengths of stay in the hospital,
but did not influence survival rates. So, survival in patients
with EC with or without ERF seems to be mainly influenced
by tumor burden and infectious complications and not by VFP.

A limitation of our study is the retrospective approach.
Charts were reviewed individually, but data quality relies on
accurate documentation in the past. As ERF development is a
rare complication, prospective studies can only be performed
over along period of time and in conjunction of several centers.
As this study was conducted retrospectively in a single center,
we only report a small size study population. The small patient
numbers, especially in our analysis of risk factors for VEP, limits
the exploration of more variables. Larger studies are needed
to verify our findings and explore other potential risk factors
that may influence survival in patients with ERE.

CONCLUSIONS

Our analysis revealed that VFP is a common complication
in more than half of patients with ERF in EC. The strongest risk
factors for VFP development were proximal tumor growth and
fistula formation from the esophagus to the trachea. Disease
relapse is another identified risk factor for VFP in patients
with malignant ERE. Although increased morbidity with VFP
has been published in the past, we were not able to identify
any influence on survival in patients with ERE Nevertheless,
the high incidence of recurrent laryngeal nerve paralysis in
this patient population should encourage clinicians to screen
for this complication and to facilitate the early initiation of
appropriate treatment.
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