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Abstract 
Background Esophageal perforations historically are associated with significant morbidity and mortality and generally 
require emergent intervention. The influence of improved diagnostic and therapeutic modalities available in recent years on 
management has not been examined. This study examined the surgical treatments and outcomes of a modern cohort.
Methods Patients with esophageal perforation management in the 2005-2020 American College of Surgeons National 
Surgical Quality Improvement Program database were stratified into three eras (2005-2009, 2010-2014, and 2015-2020). 
Surgical management was classified as primary repair, resection, diversion, or drainage alone based on procedure codes. 
The distribution of procedure use, morbidity, and mortality across eras was examined.
Results Surgical management of 378 identified patients was primary repair (n=193,51%), drainage (n=89,24%), resection 
(n=70,18%), and diversion (n=26,7%). Thirty-day mortality in the cohort was 9.5% (n=36/378) and 268 patients (71%) had 
at least one complication. The median length of stay was 15 days. Both morbidity (Era 1 65% [n=42/60] versus Era 2 69% 
[n=92/131] versus Era 3 72% [n=135/187], p=0.3) and mortality (Era 1 11% [n=7/65] versus Era 2 9% [n=12/131] versus 
Era 3 10% [n=19/187], p=0.9) did not change significantly over the three defined eras. Treatment over time evolved such 
that primary repair was more frequently utilized (43% in Era 1 to 51% in Era 3) while diversion was less often performed 
(13% in Era 1 to 7% in Era 3) (p=0.009).
Conclusions Esophageal perforation management in recent years uses diversion less often but remains associated with 
significant morbidity and mortality.
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Introduction

Esophageal perforations that occur spontaneously from 
increased intra-esophageal pressure or due to iatrogenic 
injury, foreign body ingestion, or trauma are associated 
with high morbidity and mortality.1, 2 Clinical presentations 
vary with location of injury and time to presentation, and 
can range from neck pain, dysphagia, and dysphonia with 

proximal perforations to chest pain, abdominal pain, or frank 
sepsis with intra-thoracic and intra-abdominal perforations. 
Prompt diagnosis is key to good prognosis as any delay to 
treatment is associated with worse outcomes.2, 3 Outcomes 
historically were dismal at 40-60% mortality but improved 
to 18% mortality in a series of patients from 1990-2003 and 
more recently have been reported as low as 7-10% in a study 
of patients from 2010-2015.1–5

Historically, the gold standard of treatment has been 
emergent invasive surgery with repair, drainage, or esopha-
geal diversion.6–8 Presentations like septic shock, respira-
tory failure, and extensive mediastinal emphysema simplify 
the decision-making process as patients are appropriately 
shunted towards emergent surgical management. On the 
other hand, patients with contained perforations who are 
clinically stable present an opportunity for or less invasive 
or even nonoperative management such a conservative 
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approach including nothing by mouth, broad spectrum anti-
biotics, esophageal stenting, and minimally invasive drain-
age procedures.9–11

Evidence to guide esophageal perforation management is 
generally limited to relatively small retrospective reviews, 
given that single centers typically see only a few patients 
annually as well as the difficulty in evaluating management 
in a randomized control trial given the urgency and vari-
ability of clinical presentation.12, 13 Clinicians often rely on 
their own clinical intuition and experience on how to best 
manage patients. The primary aim of this study was to use 
a modern cohort from a diverse collection of institutions 
and surgeons to examine the trend of surgical management 
and outcomes of esophageal perforation over the last fifteen 
years. We hypothesize that the morbidity and mortality of 
surgery for esophageal perforation has improved over time, 
even when including lower volume centers into the analysis, 
due to advancements in surgical technology and techniques.

Patients and Methods

Data Source

The American College of Surgeons National Quality Surgi-
cal Improvement (ACS-NSQIP) database captures patient 
demographics, comorbidities, lab values, and procedures 
to study 30-day surgical morbidity and mortality. NSQIP 
collects these specified variables on patients using random 
sampling to provide an overarching hospital-level qual-
ity assessment, which limits data analysis and introduces 
potential biases. Nevertheless, studies have shown that the 
database does significantly improve surgical outcomes and 
decrease costs among participating hospitals. As all Partici-
pant Use Data Files are de-identified, this study was consid-
ered exempt by the Stanford University Institutional Review 
Board.

Patient Selection and Management Characterization

In this study, all patients over the age of 18 diagnosed with 
emergent esophageal perforation in the 2005-2020 ACS-
NSQIP database were identified using ICD 9 and 10 codes 
530.4 and K22.3. Patients were assigned to a categorical 
treatment group based on surgical management: primary 
repair, resection, diversion, or drainage. This was performed 
in a hierarchical fashion using Current Procedural Terminol-
ogy codes (Supplemental table 1). Patients were assigned 
to the primary repair category if they had a CPT code spe-
cifically related to primary repair, while resection, diver-
sion, and drainage patients, respectively, had CPTs specifi-
cally related to those procedures. Resection included CPT 
codes with procedures such as partial or total removal of the 

esophagus or stomach. Diversion included procedures such 
as esophagostomy or external fistulization of the esophagus, 
ligation of the esophagus, or surgical opening of the throat. 
Drainage included procedures such as chest tube placement, 
thoracotomy and washout, video assisted thoracoscopic sur-
gery and washout, and chest exploration. Patients presenting 
in an elective setting were excluded. Patients over the age 
of 90 were excluded due to their categorization as a special 
population.

Specific patient characteristics including pre-operative 
demographics and comorbidities such as smoking status, 
diabetes, cardiopulmonary disease, and renal dysfunction 
were tabulated and compared across the four treatment strat-
egies. Peri-operative and thirty-day post-operative outcomes 
such as operation time, length of hospital stay, readmission 
rate, and complications were also categorized and compared 
based on management strategy. Thirty-day morbidity and 
mortality were calculated for both entire cohort as well as 
for each management strategy.

Treatment over Time

The stratification of different eras in the overall study period 
was based on both literature reports of esophageal perfora-
tion management as well as by the authors’ clinical expe-
rience, including our observations of the integration of 
esophageal stents more routinely into practice. Using these 
criteria, patients were stratified into three different treatment 
eras: Era 1 from 2005-2009; Era 2 from 2010-2014; and Era 
3 from 2015-2020. The distribution of procedures across 
these eras was plotted to allow for qualitative assessment 
in management changes and the Cochrane Armitage trend 
test was used to evaluate for statistically significant changes 
over time. Morbidity and mortality across those eras were 
similarly evaluated and compared for significant changes, 
and we compared changes in management strategy across 
eras via Cochrane Armitage tests.

Predictors of Management Strategy and Outcomes

Logistic regression was performed to evaluate predictors of 
therapy, to allow insight on how patient and clinical vari-
ables influenced treatment selection. This model included 
procedure-type as the outcome (primary repair [historical 
gold-standard] versus the rest), and included patient age, sex, 
race, body mass index (BMI), American Society of Anes-
thesiologists (ASA) classification, chronic obstructive pul-
monary disease (COPD), heart failure, steroid use, diabetes, 
and smoking status as potential predictors. Era was included 
to test our primary hypothesis that management significantly 
changed over time. In addition, predictors of complications 
and death were similarly evaluated with logistic regres-
sion, to assess if certain characteristics in each group are 



1759Journal of Gastrointestinal Surgery (2023) 27:1757–1765 

1 3

associated with poor outcomes. We used management strat-
egy as the outcome and used drainage as the reference group 
to determine if certain management strategies were more 
likely to face postoperative complications. We assessed the 
presence of a trend across in rates of morbidity and mortality 
for each procedure type.

Statistical Analysis

All statistical tests were 2-sided with an α value of 0.05. 
Analyses were performed using R version 4.0.5 (R Founda-
tion for Statistical Computing, Vienna, Austria).

Results

Patient Cohort and Treatment

Overall, 378 patients met the inclusion criteria and were 
included in the analysis. Preoperative characteristics are 
described in Table 1. The median age was 60 (48, 71), 30% 
of the cohort was female, and the majority were obese and 
of white ethnicity. The majority of patients (51.1%, n=193) 

underwent primary repair, while there were 26 (6.9%) 
patients managed with diversion, 89 (23.5%) managed with 
drainage, and 70 (18.5%) managed with resection. The risk 
factor profiles across the four groups were similar; but the 
diversion patients were better surgical candidates, while the 
resection patients were worse surgical candidates (p=0.002). 
Table 2 is logistic regression performed and shows that his-
tory of COPD was the only statistically significant predic-
tor for primary repair. Otherwise, there were no statistically 
significant associations between preoperative characteristics 
and management strategy chosen.

Patient Outcomes

Table 3 shows perioperative and postoperative outcomes 
for the entire cohort as well as stratified by management 
strategy. Median length of stay (LOS) for the entire cohort 
was 15 days. The resection group had the longest LOS at 
20.5 days and the longest operative duration (262 minutes) 
(p<0.001). Overall, 254 patients (71%) had at least one 
complication. The resection group had the highest rate of 
postoperative complications, including surgical site infec-
tion, pneumonia, unplanned intubation or failure to wean 

Table 1  Patient Characteristics Stratified by Management Approach

Total
(n=378)

Diversion
(n=26)

Drainage
(n=89)

Primary Repair (n=193) Resection
(n=70)

Age, median [IQR] 60 (48, 71) 59 (51, 68) 60 (48, 70) 60 (47, 71) 60 (51, 74)
Female 113 (30%) 10 (38%) 23 (26%) 51 (26%) 29 (41%)
Body Mass Index
 Normal
 Obese
 Underweight

130 (39%)
190 (57%)
13 (3.9%)

13 (57%)
9 (39%)
1 (4.3%)

25 (33%)
47 (62%)
4 (5.3%)

68 (40%)
99 (58%)
5 (2.9%)

24 (39%)
35 (56%)
3 (4.8%)

Race
 White
 Black
 Asian
 Other

244 (83%)
33 (11%)
9 (3.1%)
9 (3.1%)

16 (80%)
2 (10%)
2 (10%)
0 (0%)

57 (84%)
6 (8.8%)
2 (2.9%)
3 (4.4%)

127 (83%)
16 (10%)
4 (2.6%)
6 (3.9%)

44 (81%)
9 (17%)
1 (1.9%)
0 (0%)

ASA Class
 1-3
 4-5

174 (46%)
204 (54%)

17 (65%)
9 (35%)

43 (48%)
46 (52%)

93 (48%)
100 (52%)

21 (30%)
49 (70%)

Former/Current Smoker 113 (30%) 5 (19%) 28 (31%) 58 (30%) 22 (31%)
Diabetes 40 (11%) 4 (15%) 13 (15%) 17 (8.8%) 6 (8.6%)
COPD 33 (8.7%) 3 (12%) 13 (15%) 11 (5.7%) 6 (8.6%)
Bleeding Disorder 33 (8.7%) 0 (0%) 7 (7.9%) 19 (9.8%) 7 (10%)
Hypertension 172 (46%) 13 (50%) 43 (48%) 80 (41%) 36 (51%)
Heart failure 5 (1.3%) 2 (7.7%) 1 (1.1%) 2 (1%) 0 (0%)
Dyspnea
 At rest
 With moderate exertion

42 (11%)
25 (6.6%)

5 (19%)
1 (3.8%)

9 (10%)
13 (15%)

20 (10%)
5 (2.6%)

8 (11%)
6 (8.6%)

Dialysis dependent 4 (1.1%) 1 (3.8%) 2 (2.2%) 1 (0.5%) 0 (0%)
Steroid Use 19 (5%) 0 (0%) 4 (4.5%) 10 (5.2%) 5 (7.1%)
Preoperative Albumin 3.5 (2.7, 4.2) 3.9 (3.2, 4.2) 3.2 (2.5, 3.9) 3.7 (2.9, 4.2) 3.35 (2.5, 3.9)
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from the ventilator, deep venous thrombosis, pulmonary 
embolism, and cardiac arrest.

Figure 1 shows that drainage had the highest mortal-
ity rate and resection had the highest morbidity rate, but 
the observed differences were not statistically significant. 
Thirty-day mortality was 9.5% (n=36) and thirty-day 
morbidity was 71% (n=268) across all four groups with 
no significant difference between management strategies. 
Return to OR was the highest in the resection group at 
43% and lowest in the drainage group at 19%. Readmission 
rates were 5.2% overall, highest in the resection group and 
lowest in the diversion group.

Multivariable logistic regression was used to determine 
if certain types of procedures are more likely to have com-
plications, using drainage as a reference group. Table 4 
shows that resection patients had a higher odds of expe-
riencing complications compared to drainage patients 
OR=3.05 (95% CI: [1.41 – 7.09], p =.006). However, 
there were no significant differences between diversion 
OR=0.81 (95% [CI 0.33 – 2.06]) p= 0.655 or primary 
repair OR = 1.13 (95% CI [0.66 – 1.92]), p= 0.661 when 
compared to drainage. We also examined the rate of death 

Table 2  Logistic Regression of Predictors of Therapy

Primary Repair

Predictors Odds ratio CI p-value

Era 1.05 0.14-4.9 0.843
Age 1.03 0.87-1.23 0.315
Female 0.75 0.43-1.31 0.315
Race
 Black
 Asian
 Other

1.04
0.47
1.48

0.47-2.28
0.09-2.11
0.27-11.13

0.927
0.336
0.662

BMI 1.01 0.96-1.05 0.801
ASA Class
 4-5 0.72 0.42-1.21 0.212
Former/Current Smoker 1.28 0.72-2.29 0.394
Diabetes 0.93 0.4-2.16 0.869
COPD 0.35 0.13-0.88 0.03
Steroid Use 3.53 0.93-17.43 0.082
Surgical Specialty (General) 1.28 0.77-2.17 0.344

Table 3  Peri and Postoperative Outcomes for the entire cohort and Stratified by Management Approach

Total
(n=378)

Diversion
(n=26)

Drainage
(n=89)

Primary Repair (n=193) Resection
(n=70)

Operation Time (min) 173 [130 – 245] 178 [126 – 232] 146 [99.0 – 202] 169 [130 – 226] 255 [174 – 298]
Length of Hospital Stay (days) 15.0 [10.0 – 24.0] 16.0 [10.0 – 30.0] 13.5 [7.25 – 23.8] 14.0 [10.0 – 22.0] 20.5 [12.8 – 28.0]
Discharge Destination
 Home
 Facility
  Other

130 (39%)
190 (57%)
13 (3.9%)

13 (57%)
9 (39%)
1 (4.3%)

25 (33%)
47 (62%)
4 (5.3%)

68 (40%)
99 (58%)
5 (2.9%)

24 (39%)
35 (56%)
3 (4.8%)

Readmission 174 (46%)
204 (54%)

17 (65%)
9 (35%)

43 (48%)
46 (52%)

93 (48%)
100 (52%)

21 (30%)
49 (70%)

Complication 244 (83%)
33 (11%)
9 (3.1%)
9 (3.1%)

16 (80%)
2 (10%)
2 (10%)
0 (0%)

57 (84%)
6 (8.8%)
2 (2.9%)
3 (4.4%)

127 (83%)
16 (10%)
4 (2.6%)
6 (3.9%)

44 (81%)
9 (17%)
1 (1.9%)
0 (0%)

30 Day Mortality 36 (9.5%) 2 (7.7%) 13 (15%) 16 (8.3%) 5 (7.1%)
30 Day Morbidity 268 (71%) 16 (62%) 59 (66%) 133 (69%) 60 (86%)
Surgical Site Infection 13 (3.4%) 1 (3.8%) 3 (3.4%) 6 (3.1%) 3 (4.3%)
Abscess 57 (15%) 4 (15%) 15 (17%) 26 (13%) 12 (17%)
Wound dehiscence 6 (1.6%) 0 (0%) 1 (1.1%) 1 (0.5%) 4 (5.7%)
Pneumonia 75 (20%) 6 (23%) 19 (21%) 38 (20%) 12 (17%)
Reintubation 55 (15%) 4 (15%) 13 (15%) 25 (13%) 13 (19%)
Deep Venous Thrombosis 17 (4.5%) 0 (0%) 4 (4.5%) 3 (1.6%) 10 (14%)
Pulmonary Embolism 9 (2.4%) 0 (0%) 0 (0%) 4 (2.1%) 5 (7.1%)
Acute Renal Failure 11 (2.9%) 0 (0%) 7 (7.9%) 2 (1%) 2 (2.9%)
Stroke 6 (1.6%) 0 (0%) 2 (2.2%) 3 (1.6%) 1 (1.4%)
Myocardial Infarction 8 (2.1%) 0 (0%) 1 (1.1%) 5 (2.6%) 2 (2.9%)
Cardiac Arrest 6 (1.6%) 1 (3.8%) 1 (1.1%) 1 (0.5%) 3 (4.3%)
Septic Shock 88 (23%) 7 (27%) 24 (27%) 40 (21%) 17 (24%)
Return to OR 100 (26%) 8 (31%) 17 (19%) 45 (23%) 30 (43%)
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within 30 days using logistic regression, but found no sig-
nificant differences of diversion, primary repair, or resec-
tion when compared to drainage.

Management over Time

Figure 2 shows the distribution of management strategies 
over the three defined eras. Cochrane armitage trend test 
revealed that treatment overtime evolved such that primary 

repair was more frequently utilized while diversion was 
less often performed (p=0.009). There was no significant 
difference in utilization of drainage compared to primary 
repair (p= 0.244) nor resection vs primary repair (p= 0.91). 
Figure  3 demonstrates that both morbidity (Era 1 65% 
[n=42/60] versus Era 2 69% [n=92/131] versus Era 3 72% 
[n=135/187], p=0.3) and mortality (Era1 11% [n=7/65] 
versus Era 29% [n=12/131] versus Era 3 10% [n=19/187], 
p=0.9) did not significantly change over the three defined 
eras. Lastly, Figure 4 aggregates the data and shows that 
mortality in Era 1 was highest in the primary repair group, 
while in Era 2 and 3, mortality was highest in the drainage 
group. Morbidity in all eras was highest in the resection 
group.

Outcomes of management over time across eras

We performed Cochrane Armitage tests to assess how 
rates of morbidity and mortality varied for each pro-
cedure across eras. For morbidity we failed to observe 

Fig. 1  Mortality (A) and 
Morbidity (B) rates stratified by 
management strategy

Table 4  Multivariable Logistic Regression of Management Strategy 
and Likelihood of Postoperative Complications

*Drainage as reference group

Complications

Management Strategy* Odds ratio CI p-value

Diversion 0.81 0.33-2.06 0.655
Primary Repair 1.13 0.66-1.92 0.661
Resection 3.05 1.41-7.09 0.006
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statistically significant changes across eras in the rates 
of morbidity for primary repair (p= 0.881), drainage (p= 
0.176), diversion (p= 0.744), or resection (p=0.0665). 

Similarly, for mortality we failed to observe statistically 
significant changes in primary repair (p= 0.122), resection 
(p= 0.212), drainage (p= 0.887), and diversion (p= 0.37).

Fig. 2  Distribution of Manage-
ment Strategy Over Eras

Fig. 3  Mortality (A) and Mor-
bidity (B) rates stratified by era.



1763Journal of Gastrointestinal Surgery (2023) 27:1757–1765 

1 3

Discussion

This study analyzed emergent surgical management of 
esophageal perforation from 2005 to 2020 using the ACS-
NSQIP database, providing a review of contemporary man-
agement in a time period with changing clinical practices. 
Among a cohort of 378 patients, we found that primary 
repair was increasingly utilized and diversion decreasingly 
utilized in treatment for esophageal perforation over the time 
period of the study. As shown in our study, all techniques 
utilized to manage esophageal perforation continue to be 
associated with long hospital stays and significant morbidity 
and mortality in a recent period, with minor improvements 
over a 15-year period contributed as much by better perio-
perative care as by advancements in medical technology.

Currently, existing literature on esophageal perforation 
management agree on the overall approach to initial manage-
ment of esophageal perforation, including fluid resuscitation, 
nil per os, and antibiotics to minimize the systemic spread 
of infection.14–16 Figure 1A demonstrates that drainage has a 
much higher mortality rate than other surgical options. This 
should serve as an important reminder that simple drainage 

is not effective in the management of this complicated dis-
ease process. Drainage should be treated as an adjunctive 
treatment, rather than a complete solution to esophageal 
perforation and methods to obtain source control in a more 
definitive way is key to improving outcomes.

Primary repair has traditionally been the ‘gold stand-
ard’ of treatment, and Fig. 2 shows the temporal increase 
in primary repair over time. Although the trends of mor-
bidity and mortality rates across eras were not statisti-
cally significant upon further analysis, this study was 
underpowered to detect such a change. Nevertheless, the 
encouraging decrease in mortality rates from primary 
repair as shown in Fig. 4A are likely due to better perio-
perative care and major advancements in evidence-based 
critical care medicine; and these improved outcomes 
have influenced the general mortality trends as shown in 
Fig. 3A. However, patients can still develop grave com-
plications like leaks if their initial presentation includes 
extensive necrosis and edema, precluding healthy esoph-
ageal tissue for a durable primary repair.17–19 The leak 
rate after primary repair has been cited to be as high 
as 30-40%, with many patients needing a secondary 

Fig. 4  Mortality* (A) and 
Morbidity (B) rates stratified 
by management strategy over 
the eras *Era 1 lacks a column 
for resection and Era 3 lacks a 
column for diversion because 
there were zero deaths in those 
respective categories
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drainage procedure to control subsequent contamina-
tion.20, 21 When patients cannot have or fail a primary 
repair, the alternative options of drainage, diversion, or 
resection are all associated with both morbidity and long 
recoveries.1, 3, 17 Patients who need resections or diver-
sions have historically been sicker and more comorbid, 
and this observation has persisted throughout the eras as 
seen in Fig. 3B and Fig. 4B.

The advancement of biomedical technology allowing 
the development of self-expanding stents has provided a 
new tool that can be used to manage esophageal perfora-
tions.11, 22, 23 The availability of stents may explain the 
increasing rate of primary repair overtime as surgeons 
may have been more aggressive in attempting repair when 
knowing that postoperative stenting could be an option 
if a continued esophageal leak was subsequently found. 
Stenting availability could also at least partly explain the 
decreased use of diversion as seen in Fig. 2, as another 
less drastic method to decrease mediastinal soilage is now 
available. However, the study’s findings also suggest that 
patients are having multiple procedures for their man-
agement, and that patient care could be more efficient 
if stents were placed in the operating room at the time 
of surgical management by surgeons. The clinical rami-
fications of this study are to highlight the importance 
of adapting management strategies based on individual 
presentation.

The major limitation of this study includes the lack of 
data on the number of patients stented overall and in each 
era; thus we were unable to correlate stent use with dif-
ferent surgical procedures received and therefore evaluate 
the direct impact of stent availability and use on man-
agement and outcomes. Moreover, we acknowledge that 
the availability of stents may have led to a selection bias 
where patients with more extensive perforations or com-
plicated clinical scenarios were more likely to get sur-
gery, such that the cohort of surgical patients in a more 
modern cohort were perhaps more high risk for morbidity 
because lower risk patients underwent endoscopic man-
agement rather than surgery. Subsequently, our results are 
not generalizable across the new spectrum of esophageal 
perforation management, but only those who ultimately 
undergo surgical intervention. Another limitation is the 
lack of granular data on several important predictors of 
outcomes, which are the location of perforation, the timing 
of intervention relative to the injury, and specific details on 
the work-up and management performed prior to surgery 
as well as the specifics regarding any additional proce-
dures performed after the primary surgery, which limited 
our ability to conduct subgroup analyses and account for 
confounding factors. Lastly, we realize that only having 
30-day postoperative data may miss episodes of major 
morbidity or death in esophageal perforation patients.

Conclusion

Our findings, amassed from a relatively large cohort, pro-
vide an important snapshot in time on the management 
of esophageal perforation in the United States over the 
last fifteen years. The focus on temporal trends is novel 
and pertinent in a diagnosis that is experiencing ongoing 
changing practices. This disease process has historically 
been difficult to study due to the generally low incidence 
at single centers and its emergent nature that limit con-
trolled studies, and our study aims to add evidence to sup-
port individualized treatment decisions in an area that has 
largely been experience-based. To this date, there are no 
randomized controlled trials comparing outcomes from 
various surgical approaches or esophageal stenting, and 
the nature of the condition and the management proce-
dures required make it extremely unlikely those would ever 
be done. Our findings show that esophageal perforation 
still has poor overall outcomes even in a modern era. How-
ever, a bright side of our study is the finding that diversion 
use is decreasing, which is very likely at least improving 
patients’ quality of life in addition to decreasing the need 
for subsequent procedures such as restoring gastrointes-
tinal continuity. These results strongly suggest surgeons 
must be actively involved early and throughout the treat-
ment decision process even when non-operative therapy is 
possible, and that management across institutions should 
be as standardized as possible to ensure the availability of 
both surgery and stenting to all patients.
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