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Abstract
Background  Spontaneous esophageal perforation (Boerhaave’s syndrome) is a highly morbid condition traditionally associ-
ated with poor outcomes. The Pittsburgh perforation severity score (PSS) accurately predicts risk of morbidity, length of stay 
(LOS) and mortality. Operative management is indicated among patients with medium (3–5) or high (> 5) PSS; however, 
the role of minimally invasive surgery remains uncertain.
Methods  Consecutive patients presenting with Boerhaave’s syndrome with intermediate or high PSS managed via a thora-
coscopic and laparoscopic approach from 2012 to 2018 were reviewed. Demographics, clinical presentation, management, 
and outcomes were analyzed.
Results  Ten patients (80% male) with a mean age of 61.3 years (range 37–81) were included. Two patients had intermedi-
ate and eight had high PSS (7.9 ± 2.8, range 4–12). The mean time from onset of symptoms to diagnosis was 27 ± 12 h and 
APACHE II score was 13.6 ± 4.9. Thoracoscopic debridement and primary repair was performed in eight cases, with two 
perforations repaired primarily over a T-tube. Laparoscopic feeding jejunostomy was performed in all patients. Critical 
care LOS was 8.7 ± 6.8 days (range 3–26), while inpatient LOS was 23.1 ± 12.5 days (range 14–46). Mean comprehensive 
complications index was 42.1 ± 26.2, with grade IIIa and IV morbidity in 60% and 10%, respectively. One patient developed 
dehiscence at the primary repair, which was managed non-operatively. In-hospital and 90-day mortality was 10%.
Conclusion  Minimally invasive surgical management of spontaneous esophageal perforation with medium to high perfora-
tion severity scores is feasible and safe, with outcomes which compare favorably to the published literature.

Keywords  Boerhaave’s syndrome · Esophageal perforation · Morbidity · Mortality · Comprehensive complications index · 
Pittsburgh perforation severity score

In 1724, Hermann Boerhaave described a fatal case of 
esophageal perforation in a Dutch admiral, Baron von Was-
senaer, induced by forceful retching [1]. This eponymous 
syndrome has traditionally resulted in considerable morbid-
ity and mortality, even when compared with esophageal per-
foration due to iatrogenic injury or underlying disease [1–3]. 
In the modern era, spontaneous esophageal perforation is 
associated with a significant risk of major morbidity and 

mortality. A recent English population-based study includ-
ing 2564 patients treated from 2000 to 2012, the majority 
(82%) with Boerhaave syndrome, demonstrated 30% and 
39% 30- and 90-day mortality, respectively [3]. There is, 
however, evidence to suggest improving outcomes in recent 
years, with reduced 30- and 90-day mortality rates from 37 
to 44%, to 25% and 35% in the former report, while the 
North American PERF study report a mortality rate of just 
15% among all-cause esophageal perforations, including 
30% Boerhaave’s syndrome.

Improvements in outcomes for patients with esopha-
geal perforation may be attributed to a number of factors 
including increased centralization of care and advances 
in perioperative management. In this regard, a strong 
hospital volume-outcome relationship is evident follow-
ing esophageal perforation, with reduced 30- and 90-day 
mortality (33% vs. 23% and 41% vs. 32%) among patients 
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managed in higher volume centers [4]. The significance 
of the volume-outcome relationship in esophageal perfo-
ration appears to be, in part, underpinned by the utiliza-
tion of surgery where necessary, with improved outcomes 
associated with increased surgical intervention rates [3, 
4], and management in an esophageal cancer center with 
significant experience in complex elective esophageal sur-
gery [4]. However, the finding of more favorable outcomes 
even among patients with esophageal perforation managed 
conservatively or endoscopically, in higher volume cent-
ers, highlights the essential role of an experienced multi-
disciplinary team in the management of this challenging 
condition [3].

Indeed, a variety of approaches are now available; from 
conservative treatment and radiologic intervention, to endo-
luminal stent placement, vacuum therapy and operative 
lavage, repair, resection, or bypass and reconstruction [5, 
6], with management guided by perforation severity. The 
Pittsburgh perforation severity score (PSS), developed based 
on experience with 119 patients with esophageal perfora-
tion treated at the University of Pittsburgh Medical Center 
[7], has been recently validated in a large multicenter study, 
and accurately predicts morbidity, mortality, and length of 
stay [8]. Importantly, failure of initial conservative manage-
ment was observed in 19, 29, and 71% of patients with low, 
medium, and high PSS, respectively, and therefore, operative 
management is advocated for patients with medium and high 
PSS, suggestive of significant mediastinal contamination [7].

Despite such welcome advances in the management of 
esophageal perforation, major morbidity and mortality rates 
remain high. Minimally invasive surgery may represent a 
means to reduce the systemic inflammatory response when 
operative intervention for esophageal perforation is neces-
sary, minimizing postoperative endotoxemia and preserving 
immune function [9–11] while achieving control of sepsis, 
a concept which has shown promise in emergency general 
surgery [12, 13]. Furthermore, in the elective setting, two 
randomized controlled trials now demonstrate the clinical 
benefit of minimally invasive approaches to esophageal 
resection, with major improvements in postoperative pulmo-
nary morbidity evident in both the TIME and MIRO studies, 
and oncologic equivalence [14, 15]. With increasing expe-
rience in minimally invasive complex elective esophageal 
surgery, the application of such approaches to esophageal 
emergencies is emerging [3, 16–20]. In the largest series to 
date, Haveman et al. describe thoracoscopic washout and 
irrigation among eight patients with Boerhaave’s syndrome 
from 2002 to 2009, with a mortality rate of just 8% [16].

The aim of the present study was to determine the feasi-
bility and safety of minimally invasive surgical management 
for patients with Boerhaave’s syndrome with medium to 
high perforation severity scores in an upper gastrointestinal 
cancer center.

Methods

Patient selection and study design

The Esophageal and Gastric Centre at Mercy University 
Hospital, Cork, is a high-volume Regional Centre, and a 
detailed clinicopathologic database is maintained for all 
patients with a diagnosis of esophageal perforation. Records 
for consecutive patients with spontaneous esophageal per-
foration between 2012 and 2018 were assessed for inclu-
sion. Patients with iatrogenic or malignant perforation were 
excluded, as were those with low perforation severity scores, 
and those who were managed conservatively. All patients 
with intermediate or high perforation scores were reviewed.

As per institutional policy, Institutional Review Board 
approval was not required for this retrospective cohort study, 
which was conducted in accordance with the principles of 
the Declaration of Helsinki. Written consent could not be 
obtained for the use of the included images and video, as the 
patient in question unfortunately passed away in the com-
munity one year postoperatively from an unrelated medical 
condition. The patient’s family have no objection to the use 
of this material.

Treatment protocol

Pittsburgh perforation severity score

The PSS was determined for all patients on the basis of 
preexisting esophageal pathology and findings at the time 
of presentation. Each variable was assigned points (Sup-
plementary Table 1) for a possible total score of 18 [7, 8], 
as follows: 1 = age > 75 years, tachycardia (> 100 beats per 
minute), leukocytosis (> 10 × 109/mL), pleural effusion; 
2 = fever (> 38.5 °C), non-contained leak (on contrast swal-
low or computed tomography), respiratory compromise 
(respiratory rate > 30 breaths per minute, increasing oxy-
gen requirement or need for mechanical ventilation), time 
to diagnosis > 24 h; and 3 = esophageal cancer, hypotension.

Perioperative management

All patients were managed in keeping with the recommen-
dations of the Surviving Sepsis Campaign [21], and broad 
spectrum antibiotic and antifungal medication were com-
menced on presentation. All patients with spontaneous 
esophageal perforation and an intermediate or high PSS were 
resuscitated in a critical care setting and emergent operative 
intervention was undertaken. Postoperatively, enhanced 
recovery principles were adhered to, with intraoperative 
fluid restriction and early mobilization where possible. All 
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patients were monitored in a critical care setting for at least 
the first 24 postoperative hours and underwent nutritional 
and physiotherapy assessment at serial postoperative time-
points. A water-soluble contrast study was undertaken on 
approximately postoperative day 5, with oral clear fluids 
commenced thereafter among patients with an intact repair 
without evidence of contrast leak.

Operative technique

The patient is placed in the lateral position according to the 
position of the esophageal defect on preoperative imaging. 
One-lung ventilation is established using a double lumen 
endotracheal tube and on-table endoscopy is performed. 
Thoracoscopy is established using a five-port technique and 
a 10 mm 30° lens as demonstrated in Fig. 1. After copious 
lavage of the pleural cavity and evacuation of food debris 
(Fig. 2A), the inferior pulmonary ligament is divided, and 
a diaphragmatic plication suture is placed using the EndoS-
titch™ suturing device. The necrotic pleura is divided and 
the posterior mediastinum accessed (Fig. 2B). The edge of 
the esophageal defect is then debrided to facilitate visu-
alization of viable muscle and mucosa circumferentially 
(Fig. 2C), after which the defect is repaired primarily using a 
full-thickness inverting 2-0 polyglactin sutures using EndoS-
titch™ (Fig. 2D, E). For larger defects closure over a T-tube 
is undertaken. A wide bore nasogastric drainage tube, pos-
terior mediastinal Jackson-Pratt drain (Fig. 2F), and basal 
and apical underwater seal chest drains are then placed, and 
the lung re-inflated. A feeding jejunostomy catheter is then 
laparoscopically placed for all patients (Fig. 1), with two-
point fixation to the anterior abdominal wall, and feeding 
commenced on the first postoperative day [22]. On-table 
bronchoscopy and bronchoalveolar lavage is then undertaken 
for all patients.

Statistical analysis

Comorbidity and illness severity were classified according 
to the Charlson comorbidity index and American Society 
of Anesthetists’ grade and APACHE II scores, respectively 
[23–25]. Postoperative complications were coded using the 
Clavien-Dindo classification and comprehensive complica-
tions index (CCI) [26, 27]. Pneumonia was defined as per 
CDC guidelines and postoperative pulmonary complications 
according to Esophageal Complications Consensus Group 
(ECCG) criteria [28, 29]. Acute respiratory distress syn-
drome (ARDS) was defined according to the Berlin defi-
nition [30]. Esophageal stricture was defined as dysphagia 
requiring dilatation at the site of the previous repair [31].

Data were analyzed using GraphPad Prism (v.6.0) for 
Windows, GraphPad software (San Diego, CA, USA) 
and SPSS® (v.23.0) software (SPSS, Chicago, IL, USA). 

Univariable comparisons were performed using linear 
regression, Student’s t, or Mann–Whitney U tests for con-
tinuous or χ2 or Fischer exact test for categorical variables. 
Multivariable linear regression with a forward stepwise 
selection procedure was utilized to determine factors inde-
pendently associated with PSS and clinical outcomes. Data 
are reported as mean ± standard deviation unless otherwise 
specified, with the threshold of significance set at p < 0.05.

Results

Patient characteristics

During this period, eleven patients with intermediate (3 
[27%]) or high (8 [73%]) PSS were treated at this center. 
Ten of 11 patients (91%) underwent surgical repair, while 
one patient with a PSS of 4, a contained leak and < 1 cm 
defect underwent uncomplicated laparoscopic placement of 
a feeding jejunotomy catheter, without exploratory thoracos-
copy, and is excluded from further analyses.

Clinicopathologic characteristics of the study population 
(n = 10) are detailed in Table 1. The majority were male (8 
[80%]), with a mean ± SD Charlson comorbidity index of 
2.7 ± 1.6. Vomiting, chest pain, and dyspnea were the most 
common presenting features in 10 (100%), 9 (90%), and 6 
(60%), respectively, and a mean ± SD time to diagnosis from 
onset of symptoms of 27 ± 12 h. At presentation, APACHE 
II score was 13.6 ± 4.9 representing a predicted mortality 
of 20.9 ± 13.9%, with a mean ± SD score of 7.9 ± 2.8. All 
patients had a non-contained leak at presentation.

Operative management

Right thoracoscopy was performed in 2 (20%) and left 
thoracoscopy in 8 (80%), with the majority (8 [80%]) being 
repaired primarily without a T-tube. All patients underwent 
laparoscopic placement of a feeding jejunostomy catheter. 
A laparoscopic decompressing gastrostomy was performed 
in the first five cases but this procedure was subsequently 
replaced with simple nasogastric decompression.

Postoperative outcome

Postoperative outcomes are detailed in Table 2. After sur-
gery, the CCI was 42.1 ± 26.2 (range 24.2–100), with a 
median critical care length of stay (LOS) of 7 (3–26) days, 
and time to established oral intake of 8 (5–28) days. Five 
patients (50%) required a further radiological pleural drain-
age procedure for simple effusions, with three (30%) occur-
ring in the contralateral non-operative pleural space. One 
patient developed an empyema which was managed with 
radiological pleural drainage and fibrinolytic therapy [32]. 
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Atrial fibrillation and pneumonia each occurred in five 
patients (50%), with ARDS occurring in two patients (20%). 
One patient (10%), who developed dehiscence following 
repair of a large defect over a T-tube, developed a sympto-
matic stricture requiring dilatation in follow-up. One patient 

developed non-occlusive mesenteric ischemia resulting in an 
in-hospital mortality of 10%.

Pittsburgh perforation severity score (Fig. 3)

PSS was not significantly associated with inpatient LOS 
(p = 0.08, R2 = 0.38), critical care LOS (p = 0.93, R2 = 0.00), 
or CCI (p = 0.29, R2 = 0.14). On multivariable regression 
utilizing all components of the PSS, the presence of hypo-
tension at presentation significantly predicted the overall 
PSS (p < 0.001, model R2 = 0.81), while PSS components 
independently predictive of inpatient LOS were age > 75 
(p = 0.009), tachycardia at presentation (p = 0.003) and time 
to diagnosis > 24 h (p = 0.04, model R2 = 0.89).

Discussion

The development of minimally invasive techniques for the 
management of esophageal cancer has produced significant 
reductions in postoperative pulmonary complications, a 
key driver of overall morbidity among patients undergo-
ing esophagectomy [14, 33, 34]. Furthermore, minimally 
invasive esophagectomy has been shown to facilitate earlier 
recovery of health-related quality of life, with reduced pain 
and improved functional scores at 1 year, as compared with 
open surgery [34–36]. The adoption of minimally invasive 
techniques in emergency general surgery may reduce post-
operative pain, pneumonia and wound infection [37, 38], 
however few studies to date have evaluated the feasibility 
and safety of minimally invasive techniques in the man-
agement of esophageal emergencies such as Boerhaave’s 
syndrome. The aim of the present study was to determine 

Table 1   Clinicopathologic characteristics of study population

COPD chronic obstructive pulmonary disease, APACHE II acute 
physiology and chronic health evaluation II, SIRS systemic inflamma-
tory response syndrome, SD standard deviation

Clinical details
 Sex [N (%)]
  Female 2 (20%)
  Male 8 (80%)

 Age [median (range)] 62.0 (37–81)
 Charlson index [mean (SD)] 2.7 (1.6)
 Comorbidities [N (%)]
  Asthma/COPD 2 (20%)
  Ischemic heart disease 2 (20%)
  Diabetes 2 (20%)

 Presentation [N (%)]
  Vomiting 10 (100%)
  Chest pain 9 (90%)
  Dyspnea 6 (60%)
  Surgical emphysema 3 (30%)

 Time to diagnosis [mean ± SD] 27 ± 12 h
 APACHE II score [mean ± SD] 13.6 ± 4.9
 White cell count [mean ± SD] 14.9 ± 6.8
 C-reactive protein [mean ± SD] 101.6 ± 139.5
 Albumin [mean ± SD] 33.5 ± 9.6
 SIRS on admission [N (%)] 7 (70%)
 Perforation location [N (%)]
  Mid esophagus 2 (20%)
  Distal esophagus 8 (80%)

Operative details
 Right thoracoscopy [N (%)]
  Primary repair 1 (10%)
  T-tube 1 (10%)

 Left thoracoscopy [N (%)]
  Primary repair 7 (70%)
  T-tube 1 (10%)

 Pittsburgh severity score
  Age > 75 years [N (%)] 3 (30%)
  Tachycardia [N (%)] 7 (70%)
  Leukocytosis [N (%)] 7 (70%)
  Pleural effusion [N (%)] 10 (100%)
  Fever > 38.5°C [N (%)] 0 (0%)
  Non-contained leak [N (%)] 10 (100%)
  Respiratory compromise [N (%)] 6 (60%)
  Timing > 24 h [N (%)] 4 (40%)
  Hypotension [N (%)] 4 (40%)
  Cancer [N (%)] 0 (0%)

Fig. 1   Thoracoscopic and laparoscopic port placement for minimally 
invasive management of Boerhaave’s syndrome. For thoracoscopic 
debridement and primary repair, the patient is placed in the lateral 
decubitus position as shown. One-lung ventilation is established 
using a double-lumen endotracheal tube (A). For laparoscopic place-
ment of a feeding jejunostomy catheter, the patient is transferred to 
the supine position and pneumoperitoneum established. A feeding 
jejunostomy catheter is then percutaneously inserted (B, hollow cir-
cle) using the Seldinger technique, and two-point fixation is carried 
out using EndoStitch™. 10 mm ports are demonstrated in dark grey, 
and 5 mm ports in light grey
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short-term outcomes following minimally invasive manage-
ment of spontaneous esophageal perforation in a tertiary 
referral esophagogastric unit, where totally minimally inva-
sive esophagectomy (TMIE) is the preferred approach to 
esophageal resection.

From the present data, a number of key conclusions can 
be drawn. Firstly, the minimally invasive surgical manage-
ment of Boerhaave’s syndrome appears both feasible and 
safe, with outcomes which compare favorably to the pub-
lished literature. The 10% mortality observed following 

Fig. 2   Thoracoscopic debridement and primary repair of the esopha-
geal defect. Thoracoscopic lavage of the pleural cavity and evacuation 
of gross food debris and contamination is first undertaken (A), after 
which the inferior pulmonary ligament is divided and a diaphrag-
matic plication suture placed to facilitate visualization. The pleura is 
then divided and the posterior mediastinum accessed to expose the 
esophageal defect (B), which is then debrided to ensure visualiza-

tion of viable mucosa circumferentially (C). A primary repair is then 
undertaken, beginning at the apices and working towards the center, 
using inverted 2–0 interrupted polyglactin sutures placed using 
EndoStitch™ (D, E). A posterior mediastinal Jackson-Pratt drain is 
then placed adjacent to the repair (F), in addition to basal and apical 
underwater seal chest drains, and the lung re-inflated
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minimally invasive management, comprising thoracoscopic 
washout, debridement, and primary repair, with enteral 
nutrition established by laparoscopic feeding jejunostomy, 
is promising in a condition that has been associated with 
mortality rates of up to 40% in modern series [3]. This was 
achieved in a cohort of high risk patients, with all patients 
exhibiting a free perforation of the esophagus and 60% 
showing respiratory compromise at presentation. These data 
highlight the potential for such approaches to minimize the 
“second hit” associated with surgical trauma, to reduce the 
risk of end organ dysfunction and mortality. Furthermore, it 
is possible that reductions in postoperative pain may facili-
tate improved ventilation and earlier mobilization, limiting 
the risk of atelectasis and thromboembolic complications 
[38].

Secondly, the current data demonstrate the utility of 
the PSS for stratification of risk among patients with 
Boerhaave’s syndrome. Patients with a high PSS tended 
to have an increased postoperative LOS after minimally 
invasive surgical management. Similarly, a recent English 
study demonstrated that patients with greater PSS in the 
context of Boerhaave’s syndrome had an increased risk of 

post-perforation complications. Notably, this finding was 
not borne out among patients with perforations of other eti-
ologies, suggesting that the PSS may be of particular value 
among patients with spontaneous esophageal perforation 
[39]. Interestingly, from the present data, hypotension at 
diagnosis may serve as a reliable proxy for PSS to aid rapid 
clinical decision making, as this factor alone predicted 81% 
of the variability in PSS between patients.

The Pittsburgh group demonstrated failure of conserva-
tive treatment among 19, 29, and 71% of patients with low, 
intermediate, and high PSS, strengthening the rationale for 
initial operative management for patients with high scores 
[7]. Similarly, data from Schweigert et  al. advise cau-
tion with respect to the routine utilization of endoscopic 
approaches, with high rates of reintervention and failure 
of conservative management among patients initially man-
aged with endoscopic stent placement [40]. On the other 
hand, several series now report the successful endoscopic 
management of esophageal perforation, with various tech-
niques reported including covered stent placement [5], 
endoluminal negative pressure sponge therapy [41, 42], and 
endoscopic ligation with an over-the-scope clip [43, 44] or 
snare [45]. Thus, while the PSS may represent a useful tool 
to select patients requiring upfront operative management, 
further study is needed to identify the subset of patients 
with medium PSS and minimal pleural contamination who 
may be safely managed using conservative or endoscopic 
approaches [3, 6, 18, 46, 47].

A number of limitations are acknowledged. Firstly, given 
the tertiary referral nature of the study center, the included 
population may represent a sub-selected cohort of patients 
who were deemed by referring physicians to be fit for both 
transfer and intervention. Secondly, the study center rep-
resents a high-volume unit for minimally invasive upper 
gastrointestinal surgery. Considering the significant learn-
ing curve associated with the adoption of TMIE [48, 49], 
the present data may lack generalizability. However, with 
increasing expertise in minimally invasive esophageal sur-
gery, the application of such techniques in the emergency 
context will likely increase. Finally, although the small num-
ber of patients in the present series may limit the conclu-
sions that can be generated from this report, the rarity of 
this clinical presentation underscores the need for detailed 
outcomes reporting to facilitate systematic review and meta-
nalysis. Future collaborative efforts, such as the recent PERF 
study [5], may be adequately powered to delineate the role 
of endoscopic and interventional radiology techniques for 
the management of esophageal perforation.

In conclusion, minimally invasive management of spon-
taneous esophageal perforation (Boerhaave’s syndrome) is 
feasible and safe, with postoperative outcomes comparing 
favorably to existing open and endoscopic techniques.

Table 2   Postoperative outcomes

LOS length of stay, ARDS acute respiratory distress syndrome, 
MODS multiorgan dysfunction syndrome
a Excludes mortality

Overall morbidity
 Any morbidity [N (%)] 10 (100%)
 Comprehensive complications index [mean ± SD] 42.1 ± 26.2
 Critical care LOS [days, median (range)a] 7 (3–26)
 Time to oral intake [days, median (range)a] 8 (5–28)
 Inpatient LOS [days, median (range)a] 17 (14–46)
 Clavien Dindo [N (%)]
  Grade I 0 (0%)
  Grade II 2 (20%)
  Grade IIIa 6 (60%)
  Grade IIIb 0 (0%)
  Grade IVa 0 (0%)
  Grade IVb 1 (10%)

 In-hospital mortality [N (%)] 1 (10%)
Specific morbidity
 ARDS [N (%)] 2 (20%)
 MODS [N (%)] 2 (20%)
 Non-occlusive mesenteric ischemia [N (%)] 1 (10%)
 Tracheostomy [N (%)] 1 (10%)
 Dehiscence [N (%)] 1 (10%)
 Pleural effusion requiring drainage [N (%)] 5 (50%)
 Empyema [N (%)] 1 (10%)
 Pneumonia [N (%)] 5 (50%)
 Atrial arrhythmia [N (%)] 5 (50%)
 Stricture requiring dilatation [N (%)] 1 (10%)
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