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ABSTRACT

Background and study aims Sealing esophageal leaks by

stent placement allows healing in 44%–94% of patients.

We aimed to develop a prediction rule to predict the chance

of successful stent therapy.

Patients and methods In this multicenter retrospective

cohort study, patients with benign upper gastrointestinal

leakage treated with stent placement were included. We

used logistic regression analysis including four known clini-

cal predictors of stent therapy outcome. The model per-

formance to predict successful stent therapy was evaluated

in an independent validation sample.

Results We included etiology, location, C-reactive protein,

and size of the leak as clinical predictors. The model was es-

timated from 145 patients (derivation sample), and 59 pa-

tients were included in the validation sample. Stent therapy

was successful in 55.9% and 67.8% of cases, respectively.

The predicted probability of successful stent therapy was

significantly higher in success patients compared with fail-

ure patients in both the derivation (P<0.001) and validation

(P <0.001) samples. The area under the receiver operating

characteristic curve was 74.1% in the derivation sample

and 84.7% in the validation sample. When the model pre-

dicted≥70% chance of success, the positive predictive val-

ue was 79% in the derivation sample and 87% in the valida-

tion sample. When the model predicted≤50% chance of

success, the negative predictive value was 64% and 86%,

respectively.

Conclusions This prediction rule, consisting of four clinical

predictors, could identify patients with esophageal leaks

who were likely to benefit from or fail on stent therapy.

The prediction rule can support clinical decision-making

when the predicted probability of success is≥70% or≤50%.
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Introduction
Anastomotic leaks after esophagectomy cause severe morbid-
ity, prolongation of hospitalization, intensive care unit (ICU) ad-
mission, and even mortality [1–5]. Leakage develops in 6%–
24% of patients undergoing esophageal surgery with esopha-
gogastrostomy [2, 6–13], and leads to increased postoperative
mortality rates of 7.2%–18.2% compared with 3.1%–6.2% in
patients without leakage [1–3]. The aim of treatment of
esophageal leaks is to prevent sepsis and allow healing by ad-
ministration of antibiotics, bypassing the esophageal defect
with a duodenal feeding tube, and adequate drainage of infec-
ted fluid collections.

Another way to prevent further contamination of the para-
esophageal cavity is by sealing off the defect with an esopha-
geal stent [14]. Endoscopic stent placement for esophageal
leaks and perforations allows complete healing in approximate-
ly 80% of cases in pooled literature analyses [14, 15]. Either fully
covered or partially covered self-expandable stents are used for
sealing esophageal disruptions. The pitfall of esophageal stent
placement is the high risk of stent migration, which occurs in
11%–27% of cases, depending on the type of stent [14, 15]. In-
adequate sealing may be one of the reasons why the clinical
success rates of esophageal stent placement vary widely from
44% to 94% [15]. Optimal drainage of adjacent fluid collections
is also essential for the success of stent therapy. Other factors
that contribute to successful stent therapy are the size of the
defect, the etiology of the leak, the severity of sepsis, and the
delay between diagnosis and stent insertion [16–20].

Leakage control is crucial for the healing process in these se-
verely ill patients. If we were able to predict the success of stent
therapy, we could select patients who are likely to benefit from
stent placement. In this way, patients in whom stent therapy is
likely to fail can be identified and treated differently. Therefore,
the aim of the current study was to evaluate the performance of
a clinical prediction rule to predict the chance of successful
stent therapy in the treatment of benign upper gastrointestinal
leaks.

Patients and methods
This study was designed as a multicenter retrospective cohort
study including three tertiary care university hospitals and one
general teaching hospital from the Netherlands. The study was
reviewed by the Medical Ethics Review Committee of the Aca-
demic Medical Center and did not apply to the Dutch Act “Med-
ical Research Involving Human Subjects” (date of review: 17
June 2015).

We electronically searched the endoscopic database ENDO-
BASE (Olympus Medical Systems, Hamburg, Germany) and a
prospectively collected database of all esophagectomy patients
to identify suitable candidates for inclusion. All patients who re-
ceived an esophageal stent for the treatment of benign anasto-
motic leakage, perforation or fistula were included. Patients
with active malignant esophageal disease were excluded from
the analysis. The details of patient selection are presented in

▶Fig. 1.

A leak or perforation was diagnosed based on the combina-
tion of clinical signs and radiological or endoscopic evidence of
a transmural esophageal defect. Symptomatology included at
least one of the following symptoms: severe cervical or thoracic
pain, subcutaneous emphysema, elevated C-reactive protein
(CRP) level or leukocyte count, sepsis, air leakage through the
drain or wound, and/or excessive drain or wound production.
Radiological evidence included leakage of oral contrast outside
the esophagus at computed tomography (CT) scan or esopha-
gogram. A fistula was defined as a radiologically or endoscopi-
cally proven connection between the esophagus and the re-
spiratory tract, the cutis or the pleura. Perforations included all
iatrogenic and spontaneous transmural esophageal lacerations.

The primary outcome of the study was successful leakage
control after esophageal stent placement. We defined success
as no need for additional invasive procedures (surgery or percu-
taneous drainage) after stent removal without persisting symp-
toms of leakage, or as successful sealing without further symp-
toms of leakage in case it was decided that the stent was left in
permanently. Follow-up was calculated as the time between the
first stent placement procedure and the date of last contact.

Procedures

Because of the retrospective study design, procedures were not
standardized. In general, when an upper gastrointestinal leak
was suspected, imaging studies (CT scan or esophagogram)
and/or endoscopy were performed to confirm the diagnosis. In
case of a suspected cervical anastomotic leak, the neck wound
was re-opened for exploration and drainage. Patients received
antibiotics and were kept on a “nil by mouth” regimen with
duodenal tube feeding or feeding jejunostomy. Infected fluid
collections were drained by radiological tube placement when-
ever possible.

The treating surgeon and gastroenterologist determined
whether stent placement was indicated. Proximal stent place-
ment across the upper esophageal sphincter was considered a
contraindication for stent placement. Stent placement was per-
formed endoscopically at the endoscopy ward with or without
fluoroscopic guidance. In case of ICU admission, endoscopic
stent placement took place at the ICU without the support of
fluoroscopy. Anesthesia during the procedure consisted of
monitored anesthesia care using propofol or conscious seda-
tion using midazolam and/or fentanyl. Either fully covered or
partially covered self-expandable metal stents (SEMSs) were
used, which were preferably removed after 4–6 weeks. Stents
were removed by pulling either the proximal end or distal end
(inside-out) of the stent with a grasping forceps. The stent-in-
stent technique was used for the removal of embedded partial-
ly covered SEMSs [21].

The aim of stent therapy was to achieve leakage control, de-
fined as a stable clinical condition, allowing oral intake and
healing of the defect. When stent dysfunction and persistent
leakage was suspected, endoscopy was performed. In case of
stent migration or inadequate sealing, stents were either repo-
sitioned or replaced. Once leakage control had been achieved,
patients were discharged from the hospital, and returned to the
outpatient clinic for stent removal and further ambulatory care.
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AMC
▪ Endobase search for 
 esophageal stents
▪ Period: 
 Jan 2004 – Jul 2015
▪ Cases identified: N = 439

Excluded:
▪ Gastric outlet 
 obstruction: N = 71
▪ Malignant 
 indications: N = 223
▪ Benign strictures:
 N = 53

Excluded:
▪ No leaks: N = 109

Excluded:
▪ Gastric outlet 
 obstruction: N = 14
▪ Malignant 
 indications: N = 39
▪ Benign strictures:
 N = 9
▪ Other indications: 
 N = 4
▪ No stent: N = 30

Excluded:
▪ Duplicates: N = 113
▪ Gastric outlet 
 obstruction: N = 25
▪ Malignant 
 indications: N = 88
▪ Benign strictures:
 N = 41
▪ Other indications: 
 N = 1
▪ No stent: N = 23

Excluded:
▪ Duplicates: N = 27

Excluded:
▪ Benign stricture: 
 N = 1
▪ No stent: N = 17
▪ Duplicate: N = 1

Excluded:
▪ Age < 18 years: N = 1
▪ No clear leak or 
 perforation: N = 1

Excluded:
▪ Direct stent 
 dysfunction: N = 1

Excluded:
▪ Age < 18 years: N = 3
▪ Insufficient data: 
 N = 4
▪ Aortoesophageal 
 fistula: N = 1
▪ No clear leak or 
 perforation: N = 4
▪ Direct stent
 migration: N = 2
▪ Direct surgery after 
 stent: N = 1

Patients added 
manually: N = 9

Excluded:
▪ Malignant fistula: 
 N = 1
▪ Previous stents for 
 leak: N = 4

AZN
▪ Surgical database of 
 esophagectomy
▪ Period: 
 Jan 2011 – Jul 2016
▪ Unique patients 
 identified: N = 162

EMC
▪ Endobase search for 
 esophageal stents for 
 leaks, perforations, 
 fistulae
▪ Period: 
 Jan 2010 – Jul 2016
▪ Unique patients 
 identified: N = 158

UMCU
▪ Endobase search for 
 esophageal stents
▪ Period: 
 Jan 2010 – Apr 2016
▪ Cases identified: N = 346

Stents for benign esopha-
geal leaks, perforations and 
fistulae: N = 92

Esophageal leaks: N = 53 Unique patients who 
received an esophageal 
stent for leakage: N = 62

Patients with stents for 
benign esophageal leaks, 
perforations and fistulae: 
N = 55

Patients included: N = 63
▪ Including one patient 
 that was also treated for 
 recurrent leakage

Patients included: N = 33 Patients included: N = 47
▪ Including one patient 
 that was also treated for 
 recurrent leakage

Patients included: N = 59

Derivation sample: N = 145 Validation sample: N = 59

Unique patients who 
received an esophageal 
stent for leakage: N = 65

Unique patients who 
received an esophageal 
stent for leakage: N = 34

Unique patients who 
received an esophageal 
stent for leakage: N = 64

▶ Fig. 1 Flow chart of patient selection. AMC, Academic Medical Center; AZN, St Antonius Hospital; EMC, Erasmus University Medical Center;
UMCU, University Medical Center Utrecht.
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▶Table 1 Population characteristics.

Derivation sample

n=145

Validation sample

n=59

Hospital, n (%)

▪ Academic Medical Center Amsterdam  64 (44.1)   0 (0)

▪ Erasmus University Medical Center Rotterdam  48 (33.1)   0 (0)

▪ St Antonius Hospital Nieuwegein  33 (22.8)   0 (0)

▪ University Medical Center Utrecht   0 (0)  59 (100)

Male sex, n (%) 105 (72.4)  38 (64.4)

Age, mean± SD, years  63.9 ±10.6  63.2 ±10.6

Etiology, n (%)

▪ Anastomotic leak  72 (49.7)  35 (59.3)

▪ Perforation  48 (33.1)  19 (32.2)

▪ Fistula  25 (17.2)   5 (8.5)

History of esophageal cancer, yes, n (%)  90 (62.1)  39 (66.1)

History of thoracic/cervical radiotherapy, yes, n (%)  79 (54.5)  19 (32.2)

History of upper gastrointestinal surgery

▪ No  49 (33.8)  18 (30.5)

▪ Esophagectomy  86 (59.3)  24 (40.7)

▪ Gastrectomy   4 (2.8)  14 (23.7)

▪ Bariatric surgery   4 (2.8)   0 (0)

▪ Other   2 (1.4)   2 (3.4)

▪ Unknown   0 (0)   1 (1.7)

Location of defect, n (%)

▪ Proximal esophagus ( < 25 cm from incisors)  73 (50.3)  24 (40.7)

▪ Mid esophagus (25–30 cm from incisors)  23 (15.9)  10 (16.9)

▪ Distal esophagus ( > 30 cm from incisors)  49 (33.8)  25 (42.4)

C-reactive protein level, median (IQR), mg/L 165 (89–306) 275 (158–400)

Leukocyte count; median (IQR), 109/L  14.3 (10.6– 20.9)  18.4 (11.9– 24.9)

Size of defect, n (%)

▪ <1 cm  68 (46.9)  21 (35.6)

▪ 1–2 cm  44 (30.3)  21 (35.6)

▪ >2 cm  33 (22.8)  17 (28.8)

Previous leak-related treatment, n (%)

▪ None  61 (42.1)  25 (42.4)

▪ Drainage by tube placement  68 (46.9)  24 (40.7)

▪ Surgical interventions  11 (7.6)  10 (16.9)

▪ Endoscopic interventions   5 (3.4)   0 (0)

Delay until stent placement, median (IQR), days   1 (0–7)   0 (0–3)

Stents used, n 301  93

▪ FCSEMS, n (%) 174 (57.8)  17 (18.3)

▪ PCSEMS, n (%) 117 (38.9)  76 (81.7)
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Data collection

The variables presented at baseline (▶Table1) were collected
from the electronic medical records at the participating hospi-
tals. CRP level (mg/L) and leukocyte count (109/L) were defined
as highest value in the 7 days before the first stent placement
procedure.

To determine the defect size, we collected the endoscopic
images of the leaks at the time of the baseline procedure.
The images were independently assessed by four experienced
interventional endoscopists (B.W., F. V., M. S., and J. v. H.).
They could choose between three categories: < 1 cm, 1–2 cm,
and >2 cm. Assessment of the defect size by all four raters
was possible in 63% of cases (129/204), with complete agree-
ment in 27% (35/129) and three out of four agreement in 42%
(54/129). The interobserver agreement was fair (intraclass
correlation two-way random single measures model 0.54).
For analysis, we chose the category that received the majority
of votes. When there was no majority or the endoscopic ima-
ges were missing, we used the estimation from the endoscopy
report whenever available.

We further retrieved the data on previous upper gastrointes-
tinal surgery, synchronous esophageal strictures, stent type
and size, esophageal contrast studies, further leakage-related
treatments after stent placement, time and method of stent re-
moval, adverse events, ICU admission, recurrence of esopha-
geal cancer, and mortality.

Statistical analysis

The prediction model was estimated using the data of 145 pa-
tients from the Academic Medical Center, Erasmus Medical
Center, and St Antonius Hospital (“derivation sample”). The pa-
tient cohort from the University Medical Center Utrecht (n =59)
was collected independently by W.K. and F.V. and was therefore
used for external validation of the model. We selected four
known predictors based on face validity and the literature:
1. etiology of the leak, categorized as: 1) anastomotic dehis-

cence, 2) iatrogenic/spontaneous perforation, and 3) eso-
phago-respiratory, -cutaneous or -pleural fistula;

2. location of the leak, categorized as: 1) proximal esophagus
<25 cm from the incisors, 2) mid esophagus 25–30cm from

the incisors, and 3) distal esophagus >30 cm from the inci-
sors;

3. CRP level (mg/L), defined as highest value in the 7 days be-
fore the first stent placement procedure;

4. size of the leak as estimated during endoscopy, categorized
as: 1) < 1 cm, 2) 1–2 cm, and 3) > 2 cm.

In the derivation sample, missing values included CRP level (n =
35; 24%), leukocyte count (n =34; 23%), defect size (n =22;
15%), and delay until stent placement (n=3; 2%). In the valida-
tion sample, missing values included history of esophageal can-
cer (n =3; 5%), previous leak-related treatment (n=2; 3%), his-
tory of radiotherapy (n =2; 3%), CRP level (n =14; 24%), leuko-
cyte count (n =13; 22%), size of defect (n =12; 20%), and delay
until stent placement (n =2; 3%). For descriptive purposes,
missing data were imputed using single stochastic imputation
to obtain plausible values for missing units reflecting the varia-
tion present in the dataset. The logistic regression estimates of
the four-variable prediction model were obtained by pooling
the coefficients of five rounds of imputations based on 12 pre-
dictor variables including the outcome variable [22]. Linearity
in the logit of the continuous variable “CRP” was checked by re-
stricted cubic spline indicating no violation of the assumption.
From the log odds of successful stent therapy, derived from the
regression equation, we calculated the probability of successful
stent therapy for each patient. Discriminative performance was
evaluated with Nagelkerke’s R2 and receiver operating charac-
teristic – area under the curve (ROC-AUC), and fit of the model
with the Hosmer– Lemeshow test based on four risk strata. To
estimate the optimism of the model, we performed bootstrap
validation using 300 bootstrap samples and applied uniform
shrinkage on the model coefficients to correct for optimism
[23]. We used the Utrecht cohort (UMCU, ▶Fig.1) for external
validation of the model. We calculated the chance of successful
stent therapy for each patient using the prediction model after
shrinkage. To evaluate the performance of the model in the ex-
ternal cohort, we again calculated Nagelkerke’s R2 test, ROC-
AUC, and Hosmer-Lemeshow test based on three risk strata.

Continuous variables with a normal distribution are present-
ed as mean with standard deviation, and skewed data as median

▶Table 1 (Continuation)

Derivation sample

n=145

Validation sample

n=59

▪ Other, n (%)   1 (0.3)   0 (0)

▪ Stent type unknown, n (%)   9 (3.0)   0 (0)

Patients receiving multiple stents, n (%)  63 (43.4)  18 (30.5)

▪ No. of stents per patient, median (IQR)   2 (2–3)   2 (2–3)

Leak-related ICU admission, n (%)  93 (64.1)  32 (54.2)

▪ Duration, median (IQR), days  12 (3–25)  11 (7–23)

Successful stent therapy, yes, n (%))  81 (55.9)  40 (67.8)

IQR, interquartile range; FCSEMS, fully covered self-expandable metal stents; PCSEMS, partially covered self-expandable metal stents; ICU, intensive care unit.
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with interquartile range (IQR). We considered two-sided P val-
ues < 0.05 to be statistically significant. For statistical analyses
we used RStudio: Integrated Development for R, Version 3.3.2
(RStudio Inc., Boston, Massachusetts, USA) using the mice
(multiple imputation) and rms (regression modeling) packages.

Results
Patient characteristics

The derivation sample consisted of 143 unique patients who
underwent endoscopic stent placement for upper gastrointes-
tinal leakage (▶Fig.1). Two further patients were also treated
for a recurrent leak that developed more than 1 year after
closure of the primary defect, so we included a total of 145
cases in the analysis. Patient characteristics are presented in

▶Table 1. In the derivation sample, fully covered SEMSs
(FCSEMSs) and partially covered SEMSs (PCSEMSs) remained in
situ for a median time of 33 days (IQR 13–57 days) and 32 days
(IQR 11–46 days), respectively (P=0.26). Stents were finally re-
moved in 121 patients (83.4%), 21 patients (14.5%) died with
the stent in situ, 2 patients (1.4%) were still alive with the stent
in place at the end of follow-up, and removal status was un-
known in one patient (0.7%). The median follow-up period in
the derivation sample was 316 days (IQR 97–742 days). In the
validation sample (n=59), the median time that PCSEMSs and
FCSEMSs were in situ was 23 days (IQR 12–28 days) and 35
days (IQR 24–87 days), respectively (P=0.001). Stents were fi-
nally removed in 47 patients (79.7%) and 12 patients (20.3%)
died with the stent in situ. The median follow-up period in the
validation sample was 143 days (IQR 40–692 days). The suc-
cess rate of stent therapy was 55.9% in the derivation sample
and 67.8% in the validation sample. See ▶Table2 for the failure

cases and ▶Table 3 for success rates within different sub-
groups.

Clinical predictors

The prediction rule predicted the probability of successful stent
therapy for individual patients based on four clinical predictors:
1) etiology of the leak, 2) location of the leak, 3) baseline CRP
level, and 4) size of the leak. In the multivariable logistic regres-
sion model, etiology fistulae (estimated regression coefficient–
2.219, P=0.001) and defect size > 2 cm (estimated regression
coefficient –1.174, P=0.02) were statistically significant pre-
dictors of an adverse outcome of stent therapy (▶Table 4).
The prediction rule formula after shrinkage is available online
as “Supplementary Material.” The individual probability of suc-
cess can be derived from the nomogram (▶Fig. 2).

Performance of the prediction rule

In the derivation sample, the median predicted probability of
success was 62.6% (range 3.4%–88.7%). Patients who actually
failed on stent therapy had a median predicted probability of
success of 48.3% (range 3.4%–86.0%) compared with 66.9%
(range 14.7%–88.7%) in patients in whom stent therapy was
actually successful (P<0.001). The prediction rule explained
26.1% of the variance in outcome (Nagelkerke’s R2). The over-
all discriminative accuracy of the model was 74.1% (ROC-AUC).
Calibration of the model was good with at most 11.6% absolute
difference between the actually observed risks and predicted
risks (Hosmer– Lemeshow, chi-squared 1.19, df2, P=0.55)
(▶Fig. 3a). After correction for optimism by shrinkage of the
model, the median predicted probability of success was 59.7%
(range 9.7%–86.5%) in the validation sample. The median
predicted probability of success was 43.9% (range 9.7%–

▶Table 2 Failure of stent therapy.

Reasons for failure of stent therapy Derivation sample

n=64

Validation sample

n=19

Surgical closure/reconstruction 19 (29.7)  3 (15.8)

Death because of uncontrolled leakage and ongoing sepsis 14 (21.9)  9 (47.4)

Readmission for persisting symptomatic leakage  7 (10.9)  0 (0)

Diverting cervical esophagostomy  6 (9.4)  1 (5.3)

Additional tube drainage  6 (9.4)  0 (0)

Additional endoscopic interventions  4 (6.3)  0 (0)

Death because of major bleed with stent in situ  3 (4.7)  2 (10.5)

Death with symptomatic leakage in the presence of recurrent malignancy  3 (4.7)  2 (10.5)

Additional surgical cleansing  1 (1.6)  2 (10.5)

Death for unknown reasons with stent in situ and symptomatic leakage  1 (1.6)  0 (0)

Patients who died during follow-up 37 (57.8) 17 (89.5)

▪ Death related to persisting leakage 23 (35.9) 13 (68.4)

▪ Death unrelated to leakage  9 (14.1)  1 (5.3)

▪ Relationship unknown  5 (7.8)  3 (15.8)
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79.1%) for patients who actually failed and 65.7% (range 46.7
%–86.5%) for patients in whom stent therapy was actually
successful (P<0.001). Nagelkerke’s R2 was 45.2% and the
ROC–AUC was 84.7%. The difference between the actually ob-
served and predicted risks was at most 39.3% (Hosmer-Leme-
show, chi-squared 9.46, df1, P=0.002) (▶Fig.3b).

Classification accuracy

The positive predictive value for a predicted probability cutoff
of ≥70% was 79% (38/48) in the derivation sample and 87%
(13/15) in the validation sample. The false positive rate using
that cutoff was 16% (10/64) and 11% (2/19), respectively. The
negative predictive value for a predicted probability cutoff of ≤
50% was 64% (32/50) in the derivation sample and 86% (12/14)
in the validation sample. The false negative rate using that cut-
off was 22% (18/81) and 5% (2/40), respectively (▶Table 5).

Discussion
We developed a novel prediction rule, consisting of four clinical
variables, to predict the probability of successful stent therapy
for individual patients with benign upper gastrointestinal leaks.
The etiology, location, CRP level, and size of the leak together
significantly discriminated between failure and success of stent
therapy, including in an independent sample of patients from a
different center. External validation showed that patients with a
predicted probability of ≥70% had an 87% chance of success
and patients with a predicted probability of≤50% had an 86%
chance of failure. Using these cutoff values, the prediction rule
can be a tool to guide physicians in clinical decision-making and
informing patients.

We used a pre-specified model with four clinical predictors
that we selected based on face validity and the literature. The

▶Table 3 Success rates of stent therapy within different subgroups.

Derivation sample (n=145) Validation sample (n=59)

Success (n =81) Failure (n=64) Success (n=40) Failure (n=19)

Sex, n (%)

▪ Male  58 (55.2)  47 (44.8)  23 (60.5)  15 (39.5)

▪ Female  23 (57.5)  17 (42.5)  17 (81.0)   4 (19.0)

Age, mean± SD, years  64.3 ±11.1  63.4 ±9.8  61.4 ±11.3  67.2 ±7.7

Etiology, n (%)

▪ Anastomotic leak  41 (56.9)  31 (43.1)  25 (71.4)  10 (28.6)

▪ Perforation  36 (75.0)  12 (25.0)  15 (78.9)   4 (21.1)

▪ Fistula   4 (16.0)  21 (84.0)   0 (0)  5 (100)

History of esophageal cancer, n (%)

▪ No  35 (63.6)  20 (36.4)  15 (75.0)   5 (25.0)

▪ Yes  46 (51.1)  44 (48.9)  25 (64.1)  14 (35.9)

History of thoracic/cervical radiotherapy, n (%)

▪ No  43 (65.2)  23 (34.8)  29 (72.5)  11 (27.5)

▪ Yes  38 (48.1)  41 (51.9)  11 (57.9)   8 (42.1)

Location of defect, n (%)

▪ Proximal esophagus  39 (53.4)  34 (46.6)  17 (70.8)   7 (29.2)

▪ Mid esophagus   8 (34.8)  15 (65.2)   5 (50.0)   5 (50.0)

▪ Distal esophagus  34 (69.4)  15 (30.6)  18 (72.0)   7 (28.0)

C-reactive protein level, median (IQR), mg/L 165 (81–293) 162 (92 –315) 274 (154–390) 276 (195– 400)

Leukocyte count, median (IQR), 109/L  15.0 (11.3–22.0)  13.0 (10.3–20.8)  14.9 (11.8–25.0)  19.9 (13.6–23.8)

Size of defect, n (%)

▪ <1 cm  41 (60.3)  27 (39.7)  15 (71.4)   6 (28.6)

▪ 1–2 cm  25 (56.8)  19 (43.2)  18 (85.7)   3 (14.3)

▪ >2 cm  15 (45.5)  18 (54.5)   7 (41.2)  10 (58.8)

Delay until stent placement, median (IQR), days   1 (0–3)   1 (0–13)   0 (0– 2)  2 (0 –6)

IQR, interquartile range.
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etiology of leakage and defect size were statistically significant
and independent predictors of successful stent therapy in our
multivariable regression model. In the literature, particularly

esophago-respiratory fistulae are associated with poorer clo-
sure rates compared with anastomotic leaks and perforations
[15, 16, 18]. Benign fistulae mainly develop after surgery or

▶Table 4 Outcomes of multivariable logistic regression analysis in the derivation sample.

Estimated coefficient SE 95%CI P value

Etiology1

▪ Perforation 0.702 0.593 –0.473, 1.878 0.24

▪ Fistula –2.219 0.670 –3.548,–0.890 0.001

Location of defect2

▪ Mid esophagus –0.825 0.601 –2.015, 0.365 0.17

▪ Distal esophagus –0.129 0.571 –1.258, 1.000 0.82

CRP level –0.003 0.002 –0.007, 0.002 0.21

Size of defect3

▪ 1–2 cm –0.567 0.469 –1.495, 0.361 0.23

▪ >2 cm –1.174 0.506 –2.176,–0.171 0.02

CI, confidence interval; CRP, C-reactive protein.
1 Reference category anastomotic dehiscence.
2 Reference category proximal esophagus.
3 Reference category <1 cm.

Etiology of the leak

Location of the leak 
in the esophagus 
(from incisors)

CRP level (mg/L)

Size of the leak (cm)

Total points

Predicted probability 
of success

600 550 500 450 400 350 300 250 200 150 100 50 0 mg/L

0 20 40 60 80 100 120 140 160 180 200 220 240

5 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 %

0 4 9 13 18 22 26 31 35 39 44 48 53

mid
(25 – 30 cm)

distal
(> 30 cm)

proximal
(< 25 cm)

0 24 28

> 2 cm 1 – 2 cm < 1 cm

0 21 40

fistula anastomotic 
dehiscence

iatrogenic/
spontaneous 
perforation

0 76 100

▶ Fig. 2 Nomogram of the prediction rule. Add up the points scored for each predictor to calculate the total number of points. The “total points”
line corresponds with a “predicted probability of success” as indicated by the bottom line.
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radiotherapy [24]. The altered and impaired vascularization sta-
tus in these patients often results in a chronic and persisting
defect that shows a poor tendency of healing with stent ther-

apy. This is also reflected by our data, where stent therapy was
successful in only 16% of patients with a fistula in the derivation
sample and in none of the five patients in the validation sample.
The success rate in patients with large defects (> 2 cm) was also
much lower than for patients with small defects (< 1 cm) in both
the derivation (46% vs. 60%) and validation (41% vs. 71%) sam-
ples. Large defects were also associated with unsuccessful clo-
sure in two studies that used a cutoff of 1.5 cm and 3 cm [17,
19]. The defect size is estimated by the endoscopist during
endoscopy and is therefore subject to interobserver variability.
In our study, four endoscopists assessed the defect size by the
available endoscopic images of the baseline procedure (▶Fig.
4a– c), showing fair overall interobserver agreement. Since de-
fect size is an important predictor of success, we emphasize the
importance of an accurate measurement during endoscopy. For
an accurate estimation, endoscopic images of the defect
should preferably be made in the presence of a reference tool,
for instance the duodenal tube, which has a fixed diameter.

Previous studies have shown that septic state correlates with
the success of stent therapy. Patients fulfilling severe sepsis
criteria and infectious patients showed poorer success rates of
stent therapy [19, 20]. For practical reasons and clinical use, we
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▶ Fig. 3 Calibration plots of the predicted and observed outcomes. a Derivation sample. b Validation sample.

▶ Fig. 4 Endoscopic images of esophageal leaks at time of the baseline procedure. a, b Anastomotic dehiscence after esophagectomy. c Per-
foration after balloon dilation for stenosis after Nissen fundoplication.

▶Table 5 Classification accuracy of the prediction rule.

Derivation

sample (n =145)

Validation

sample (n =59)

Predicted probability of success≥70%, % (n/N)

▪ Positive predictive value 79 (38/48) 87 (13/15)

▪ False positive rate 16 (10/64) 11 (2/19)

▪ Sensitivity 47 (38/81) 33 (13/40)

▪ Specificity 84 (54/64) 89 (17/19)

Predicted probability of success≤50%, % (n/N)

▪ Negative predictive value 64 (32/50) 86 (12/14)

▪ False negative rate 22 (18/81)  5 (2/40)

▪ Sensitivity 78 (63/81) 95 (38/40)

▪ Specificity 50 (32/64) 63 (12/19)
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defined septic state as highest CRP level in the past 7 days be-
fore stent placement. It is likely that a CRP level within 12 hours
of the stent placement procedure will have a stronger correla-
tion with the outcome of stent therapy. However, the retro-
spective data in our study forced us to expand the window of
CRP measurement. We furthermore included the location of
the defect in the esophagus in the prediction rule. A cervical
anastomosis after esophagectomy is a known risk factor for
the development of anastomotic leakage [2, 25]. This suggests
a worse perfusion status than anastomoses located in the thor-
ax. Location in the esophagus is therefore likely to affect the
healing tendency of the defect.

Thoracic or cervical radiotherapy was also part of our initial,
pre-specified prediction model. Although neoadjuvant che-
moradiotherapy did not correlate with the development of ana-
stomotic leaks in the literature [25, 26], we had included radio-
therapy as a predictor of success based on the assumption that
radiation injury to the esophagus and surrounding tissues may
hamper wound healing due to a damaged vasculature. How-
ever, in multivariable regression analysis, the predictive value
of this factor was negligible, with an estimated regression coef-
ficient of 0.0032 and a P value of 0.995.We therefore dropped
radiotherapy from the model. In the literature, the delay be-
tween the index procedure, meaning the procedure that
caused the leak, and stent placement consistently impacted
on the success of stent therapy. The time to stent placement
was significantly shorter in patients with successful closure
compared with patients in whom stent placement failed [17],
and immediate stent placement resulted in higher success
rates of stent therapy than in cases with a delay of more than 1
week to stent placement [18–20]. After careful consideration
we chose to omit “delay to stent placement” from the model,
because of the little variation, and thereby expected limited
contribution to the predicted probability, and to prevent over-
fitting of the model.

This prediction rule is only useful when the predicted prob-
ability of success is≥70% or≤50%, because of the high positive
and negative predictive values, respectively. Predicted prob-
abilities between 50% and 70% poorly discriminated between
failure and success of stent therapy. For a predicted probability
≤50%, we suggest to reconsider stent placement because the
chance of success is between 5% and 22%. For example, a pa-
tient with a small (< 1 cm), chronic postoperative esophago-re-
spiratory fistula in the proximal esophagus without elevated
CRP levels, has a less than 50% chance of successful stent ther-
apy according to the prediction rule. It can therefore be discus-
sed with the patient that the defect is unlikely to heal with stent
therapy. Although evidence is scarce, alternative treatment op-
tions in this case may be endoscopic clipping or surgical repair
[27, 28]. A case series including patients with small (< 2 cm),
mainly chronic, postoperative leaks and fistulae reported a clo-
sure rate of 89% (8/9) after over-the-scope clip placement in
the upper gastrointestinal tract [29]. Endoscopic clipping has
also been shown to be effective for the treatment of acute per-
forations caused by endoscopic procedures, with a pooled clo-
sure rate of approximately 90% [30]. In selected patients, surgi-
cal repair of benign esophago-respiratory fistulae was success-

ful in 72% (18/25) [24]. Patients with postsurgical esophago-
respiratory fistulae often had neoadjuvant chemoradiation,
which hampers healing of the defect. In some patients with
symptomatic fistulae who are unfit for surgery, stent place-
ment may reduce symptoms and allow for oral intake despite a
poor probability of closure of the defect. In this case, stent
placement can also be used for “palliation” of symptoms.

Another example of a patient who has a less than 50% pre-
dicted probability of successful stent therapy, is a septic pa-
tient with a CRP level of 300mg/L who is diagnosed with a
large (> 2 cm) anastomotic dehiscence in the mid esophagus
after esophagectomy. Alternative options are conservative
treatment with adequate drainage of infected fluid collections,
or primary surgical repair of the defect [31–33]. A promising
alternative for the treatment of upper gastrointestinal leaks is
endoscopic vacuum therapy (E-Vac) [34]. In small retrospective
studies, E-Vac showed superior closure rates compared with
stent placement: 84%–93% vs. 54%–63% [35, 36]. Finally, we
want to emphasize the importance of adequate abscess drain-
age whenever stent placement is considered.

The main limitations of our study are its retrospective design
and the small validation sample. CRP level and defect size were
missing in 24% and 15% of cases in the derivation sample, and
in 24% and 20% of cases in the validation sample. To deal with
missing values, the prediction model was estimated using a
multiple imputed dataset with five rounds of imputation. To ex-
amine the performance of the model in the external validation
sample, we also imputed missing values in the validation data-
set. Although we have included all patients treated with stents
for upper gastrointestinal leaks, this prediction model is mainly
applicable to patients with esophageal leaks, because only six
patients (4%) in the derivation sample had a gastric leak.

In conclusion, using four clinical variables (i. e. etiology, loca-
tion, CRP level, and size of the leak), this novel prediction rule
significantly discriminated between failure and success of stent
therapy for benign upper gastrointestinal leakage. Etiology fis-
tula and defect size > 2 cm were independent and statistically
significant predictors of stent failure. The individual predicted
probability of successful stent therapy by the prediction rule
can be derived from the nomogram. This prediction rule can
support the physician in clinical decision-making and informing
patients when the predicted probability of success is≥70% or≤
50%. Predicted probabilities between 50% and 70% poorly pre-
dicted the outcome of stent therapy.
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