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Background: Esophageal cancer surgery has historically been associated with high levels of postoperative
morbidity and mortality. Post-esophagectomy diaphragmatic hernia (PEDH) represents a potentially life-
threatening surgical complication, with incidence and risk factors not clearly demonstrated. This study
evaluates presenting characteristics and repair outcomes in PEDH after Ivor Lewis esophagectomy for
cancer.

Methods: All consecutive patients who underwent esophageal cancer surgery between March 1997 and
April 2018 at two high-volume centers were included. The patients underwent Ivor Lewis esophagectomy
and were managed according to a standardized follow-up care plan. The primary outcomes included
PEDH incidence, risk factor identification, and surgical results after hernia repair. Patient characteristics
and perioperative data were collected and a multivariate analysis was performed to identify risk factors for
PEDH.

Results: A total of 414 patients were enrolled and 22 (5.3%) were diagnosed with PEDH during a median
follow-up period of 16 (range, 6-177) months. All patients underwent surgical repair and 16 (73%) required
treatment within 24 hours. PEDH repair was mainly performed through a laparoscopic approach (77.3%),
with an overall postoperative morbidity of 22.7% and one mortality case. The median length of hospital stay
was 6 (range, 2-95) days, and no early recurrences were observed, although three (13.6%) cases relapsed
over a median follow-up of 10.1 months after hernia repair. Univariate analysis demonstrated a statistically
significant association between PEDH and neoadjuvant chemoradiotherapy (P=0.016), pathological complete
response (P=0.001), and lymph node harvest (P=0.024). On the other hand, multivariate analysis identified
pathological complete response [3.616 (1.384-9.449), P=0.009] and lymph node harvest [3.029 (1.140-8.049),
P=0.026] as the independent risk factors for developing PEDH.

Conclusions: PEDH represents a relevant surgical complication after Ivor Lewis esophagectomy for
cancer, including a 5.3% incidence and requiring surgical repair. Pathological complete response and lymph
node harvest were found to be independent risk factors for PEDH, independently of the esophagectomy

technique.
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Introduction

Esophagectomy represents the mainstay component of
multimodal treatment for esophageal cancer, although it
has been historically associated with significant morbidity
and mortality rates (1). Post-esophagectomy diaphragmatic
hernia (PEDH) is considered as a potentially life-
threatening complication requiring surgical repair to
prevent severe conditions such as conduit obstruction or
perforation and respiratory failure (2,3).

Although several studies have previously analyzed
the occurrence of diaphragmatic hernia after esophageal
surgery, no consensus has been reached concerning both
incidence and risk factor identification due to the large
variety of study designs and selection criteria. The current
literature has provided individual institution analysis
reporting estimated incidence rates widely ranging from
0.3% to 19% according to study characteristics, such as
operative technique, underlying esophageal disease, and
length of postoperative follow-up (3-5). These limitations
have not allowed reaching clear evidence regarding either
pathological mechanisms or predictors of PEDH. In
particular, the role of surgical technique has been debated
since previous studies advocated that minimally invasive
esophagectomy is associated with a higher risk of trans-
hiatal herniation up to 26% (6-9). However, these results
remain controversial, while larger evidence has supported
the effectiveness of keyhole surgery in providing long-term
survival benefits as well as reduced postoperative morbidity
and length of hospital stay (10-13).

The occurrence rate of PEDH has been an increasing
issue due to both diagnostic and therapeutic advances of the
multimodal approach, which has improved the overall survival
of esophageal cancer (14). On the other hand, the impact of
esophagectomy on cancer patients’ survival and quality of life
remains considerable, and PEDH has been demonstrated to
be a surgical complication potentially affecting both aspects.

Therefore, this study aims to determine the incidence and
risk factors of postoperative diaphragmatic herniation after
Ivor Lewis esophagectomy and to analyze surgical outcomes
following hernia repair. We present the following article in
accordance with the STROBE Statement reporting checklist
(available at http://dx.doi.org/10.21037/jtd-20-1974).

Methods
Study design

This retrospective study analyzed all patients who
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underwent esophageal cancer surgery at two high-volume
centers between March 1997 and April 2018. The inclusion
criteria for patient selection were histologic diagnosis of
esophageal cancer and Ivor Lewis esophagectomy with two-
field lymphadenectomy and intra-thoracic anastomosis,
independent of surgical technique and neoadjuvant therapy.
After esophagectomy, all patients were managed according
to a standardized follow-up care plan. This standardized
S-year follow-up was similar between institutions and
involved periodic clinical examinations and investigations,
including both CT scan and endoscopy at 8, 12, 24, 36,
48, and 60 months after surgery. PEDH was defined
as partial or entire migration of any abdominal organ,
other than the gastric conduit, through the esophageal
hiatus. All radiologic findings consistent with PEDH were
independently evaluated by two radiologists reporting a
detailed description of dimensions, involved organs, and
visceral perfusion. All radiologically confirmed PEDHs
which involved more than one abdominal organ were
defined as multi-visceral, whereas those occurring within
90 days after esophagectomy were classified as early
hernia. Moreover, PEDHs showing clinical or radiological
indications of gastrointestinal volvulus, ischaemia, sepsis,
or respiratory dysfunction were classified as complicated
hernia. However, all PEDH patients were scheduled for
elective repair to prevent more severe complications related
to trans-hiatal herniation, while those presenting with
acute symptoms underwent surgical repair within 24 hours.
The primary outcomes included the estimation of PEDH
incidence and the identification of risk factors among
potential predictors, such as patient, oncologic disease,
and peri-esophagectomy characteristics, and repair surgery
and postoperative results were also primary endpoints.
The present study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). According
to the national law regulating research ethics (resolution
March 1, 2012, Gazzetta Ufficiale n.72 of March 26, 2012)
and due to the retrospective design of the study, the ethical
approval and informed consent have been waived since all
analyzed data were collected as part of routine diagnosis and
treatment, which were consistent with the current standard
of care.

Techniques of esophagectomy

All consecutive patients underwent curative Ivor Lewis
esophagectomy involving gastric conduit reconstruction.
The abdominal phase started with the Kocher manoeuvre,
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followed by complete gastric mobilization. Abdominal
lymphadenectomy included dissection of the gastric lesser
curvature, hepatic artery, and celiac stations. The gastric
conduit was intra-abdominally shaped and the proximal
stomach was resected along with the regional lymph
nodes. The dissection of the lower esophagus was initially
performed through a trans-hiatal approach, and, in case
of a tight diaphragmatic hiatus, a partial resection of the
right crus was occasionally performed (15). The following
thoracic phase involved the resection of the azygos vein
and mobilization of the whole esophagus up to the upper
third. In thoracic lymphadenectomy, the main stations
(bronchial, subcarinal, middle and lower esophageal,
paratracheal, and inter-aortocaval nodes) were removed,
with additional dissection of those surrounding the upper
third and recurrent laryngeal nerve in case of middle-third
esophageal cancer. The gastric conduit was pulled into the
chest, and a mechanical esophagogastric anastomosis was
performed. Furthermore, Ivor Lewis esophagectomy was
performed using three different techniques according to
disease characteristics and the surgeon’s preference: totally
open incision, hybrid approach with abdominal laparoscopy
plus right thoracotomy, and total minimally invasive
esophagectomy.

Techniques of bernia repair

Minimally invasive repair was the treatment of choice,
and a chest tube was placed prior to the induction of the
pneumoperitoneum to avoid hypertensive pneumothorax.
An intra-abdominal exploration was performed to evaluate
the diaphragmatic defect and exclude possible signs of
ischaemic injury or perforation of the migrated content.
The hiatal hernia was reduced into the abdominal cavity
by means of extended and accurate adhesiolysis, carefully
avoiding damaging the gastroepiploic vessels. The repair
was standardly performed by cruroplasty with a thick,
polyester, non-absorbable suture, whereas the crural
mesh was exclusively used in case of residual weakness of
diaphragmatic closure.

Data recording and statistical analysis

All data concerning patient characteristics, surgical
treatment, and multimodal therapy were prospectively
collected into an institutional clinical database by a
dedicated data manager. All PEDH cases were identified
and additional data regarding clinical presentation and
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surgical repair were extracted. Postoperative complications
reporting a Clavien-Dindo score >3a were defined as severe,
whereas early mortality included all deaths occurring
within 90 days (16,17). Fisher’s exact or Pearson’s i’ test
and Mann-Whitney U test were appropriately used in
evaluating categorical and continuous variables, respectively.
Univariate analysis was performed to identify significant
associations between PEDH and potential predictors, while
a multivariate logistic regression model was applied to
determine independent risk factors. A statistical significance
level of 0.05 was used and statistical analysis was performed
using IBM SPSS Statistics, version 20 (IBM Corp., Armonk,
NY, USA).

Results
Study population

A total of 731 patients underwent esophagectomy between
March 1997 and April 2018, among which 414 met the
inclusion criteria (7Table 1). The population included mostly
males (84%) diagnosed with adenocarcinoma (71%) of the
lower and junctional esophagus (81%). Minimally invasive
esophagectomy was performed in 311 patients (75.1%),
while 103 (25%) underwent open surgery.

The median follow-up after esophagectomy was
16 (range, 6-177) months and overall survival was
68.4%. Twenty-two cases (5.3%) were diagnosed with
PEDH within a mean period of 8 months after surgery.
PEDH cases were submitted more often to neoadjuvant
chemoradiotherapy (P=0.05) and showed higher rates
of pathological complete response (P=0.02) and lymph
node harvest (P=0.01). Esophagectomy technique and
postoperative morbidity did not demonstrate a statistically
significant association with PEDH.

Surgical repair outcomes

All patients developing PEDH were scheduled for surgical
repair according to presenting symptoms (7Tzble 2).
PEDH presented more often with a left-side chest
occupation (95%) by the transverse colon (91%). Early
PEDH occurred in nine patients (40.9%), and, at the time
of diagnosis, patients typically presented with significant
symptoms (77 %), including either respiratory discomfort
(36%) or indications of gastrointestinal obstruction (41%).
Sixteen (73 %) patients presented with acute clinical
manifestation, while two patients experienced visceral
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Characteristic PEDH (n=22) Non-PEDH (n=392) P value
Gender
Male/female 211 328/64 0.12
Age (years), mean + SD 62+9.7 64+10.6
History of GERD, n (%)
With hiatal hernia 0(0.0) 10 (2.6) 0.45
With Barrett metaplasia 9 (40.9) 110 (28.1) 0.19
ASA, n (%) 0.18
| 1(4.5) 33 (8.4)
Il 17 (77.3) 222 (56.6)
1] 3(13.6) 128 (32.7)
Y 1(4.5) 9(2.3)
Comorbidities, range
aa-CClI' 3(to4) 3(@2to4) 0.48
Nutritional status
Mean BMI (+SD), kg/m® 24.5+3.3 25.7+3.3 0.65
Histology, n (%) 0.38
ADC 19 (86.4) 274 (69.9)
SCC 2(9.1) 90 (23.0)
Neuroendocrine 0 (0.0 3(0.8)
Undifferentiated 0 (0.0 19 (4.8)
Other 1(4.5) 6 (1.5)
Location, n (%) 0.80
Middle third 3(13.6) 77 (19.6)
Lower third 4(18.2) 75 (19.1)
EGJ 15 (68.2) 240 (61.2)
Neoadjuvant therapy, n (%) 0.05
None 6 (27.3) 158 (40.3)
Chemotherapy 2(9.1) 86 (21.9)
Chemoradiotherapy 14 (63.6) 148 (37.8)
p/yp T stage, n (%) 0.02
T0/is 8 (36.4) 45 (11.5)
T1 4(18.2) 77 (19.6)
T2 2(9.1) 86 (21.9)
T3 8 (36.4) 167 (42.6)
T4 0(0.0) 17 (4.9)

Table 1 (continued)
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Characteristic PEDH (n=22) Non-PEDH (n=392) P value
p/yp N stage, n (%) 0.66
NO 10 (45.5) 155 (39.5)
N+ 12 (54.5) 237 (60.5)
LN harvest', range 39 (25.0 to 43.5) 32 (22.3 t0 43.0) 0.01
LN ratio, range 0.01 (0.00 to 0.07) 0.03 (0.00 to 0.11) 0.83
Operative technique, n (%) 0.30
Open 3(13.6) 100 (25.5)
Hybrid 13 (59.1) 226 (57.7)
Totally (MIL) 6 (27.3) 66 (16.8)
Postoperative morbidity, n (%)
Severe complications* 6 (27.3) 131 (33.4) 0.65
Reoperation 3(13.6) 31 (7.39) 0.41
Mean operative time (min), mean + SD 279+49 271168 0.49

', median (inter quartile range); *, all complications consistent with grade >3a according to Clavien-Dindo classification. PEDH, post-
esophagectomy diaphragmatic hernia; aa-CCl, age-adjusted Charlson Comorbidity Index.

ischaemia and perforation and underwent surgery within
24 hours. Postoperative morbidity was 22.7% and included
exclusively cardiopulmonary complications, among which
one death occurred due to respiratory failure. No early
recurrences were found, and the median hospital stay after
hernia repair was 6 (range, 2-95) days. Hernia repair was
generally performed through a laparoscopic approach (77 %)
with a conversion rate of 24%. Moreover, cruroplasty
was the repair method of choice (95%), but surgical mesh
was applied in one case to protect the diaphragmatic
suture. After surgical repair, three recurrences (13.6%)
occurred over a median follow-up of 10.1 months and were
successfully treated through laparoscopic technique.

Risk factor analysis

Univariate analysis was performed to determine significant
associations between PEDH and potential perioperative
predictors (17 items). The lymph node harvest threshold was
identified by calculating the receiver operating characteristic
curve and Youden Index, and a value of 33 nodes was
adopted as the cut-off for the risk analysis (Tuzble 3).
Univariate analysis showed a statistically significant
association between PEDH and pathological complete
response [4.406 (1.752-11.084), P=0.001], preoperative
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chemoradiotherapy [2.885 (1.182-7.042), P=0.016], and
lymph node harvest [2.894 (1.109-7.549), P=0.024]. All
predictors showing a significant association with PEDH
entered the multivariate analysis, and pathological complete
response (P=0.009) and lymph node harvest (P=0.026) were
confirmed as independent risk factors.

Discussion

The occurrence rate of diaphragmatic hernia after
esophageal surgery has been variably reported in the
current literature, with an overall incidence ranging from
0.3% to 19%. This measurable variety is related to the
wide heterogeneity among study designs, including patient
selection, type of esophageal resection, and length of
postoperative follow-up (4). In order to minimize these
limitations, this retrospective analysis has strictly selected
patients from a prospective clinical database merging the
experience of two high-volume esophageal cancer centers. In
this study, the estimated incidence of diaphragmatic hernia
after Ivor Lewis esophagectomy was 5.3% within a median
postoperative follow-up of 16 (range, 6-177) months,
which is consistent with results reported by similar analyses
(2,7,12,18). After esophagectomy, PEDHs were identified
in a mean period of 8 (£9.8) months, although the majority
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Table 2 Surgical outcomes after PEDH repair

Characteristic PEDH (n=22)
Primary tumor site, n (%)
Middle third 3(13.6)
Lower third 4(18.2)
S1 6 (27.3)
S2 9 (40.9)
Mean interval to diagnosis (+SD) 8+9.8
Setting
Urgent 16 (72.7)
Elective 6 (27.3)
PEDH contents, n (%)
Colon 15 (68.2)
Small bowel 1(4.5)
Both 6 (27.3)
Surgical repair, n (%)
Laparoscopic approach 17 (77.3)
Conversion rate 4 (23.5)
Cruroplasty 21 (95.5)
Cruroplasty + mesh 1(4.5)
Postoperative morbidity, n (%)
Atrial fibrillation 1(4.5)
Pneumonia 14.5)
Respiratory failure 3(13.6)
Early recurrence 0 (0.0
Median length of hospital stay (range) 6 (2 to 95)
30-day mortality, n (%) 1(4.5)
Recurrence rate, n (%) 3(13.6)

PEDH, post-esophagectomy diaphragmatic hernia.

of herniations occurred within the earliest 18 months (83 %).
The clinical manifestations of PEDH typically included
either respiratory or gastrointestinal symptoms. Sixteen
patients (73 %) required urgent surgical treatment, among
which two presented with complicated hernias (i.e., visceral
ischaemia and perforation). Hernia repair was mainly
performed through laparoscopic technique and, despite
a conversion rate of 23.5%, 13 patients (59.0%) were
successfully treated through minimally invasive surgery.
Overall morbidity following the repairing procedure
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was 22.7%, which mainly included severe respiratory
complications, while one death occurred after repair of
a complicated PEDH presenting with conduit necrosis
due to gastrointestinal obstruction. In 2011, Price (3)
highlighted that the clinical impact of diaphragmatic
herniation following esophagectomy is related to the
risk of visceral incarceration or strangulation and, thus,
surgical repair should be recommended to prevent these
life-threatening conditions (4,19). The current study
confirmed significant rates of acute presentation as well as
postoperative morbidity and supported the recommendation
of surgical repair. Additionally, repair procedure outcomes
confirmed that laparoscopy is a feasible and effective repair
technique in high-volume centers, especially in non-
complicated PEDH cases (7).

A risk factor analysis was performed and demonstrated
that both pathological complete response and lymph
node harvest are independent risk factors (0.009 and
0.026, respectively) for diaphragmatic herniation after
Ivor Lewis esophagectomy for cancer. After a secondary
analysis concerning possible confounding factors, we
determined that pathological complete response showed
a significant association with PEDH due to their longer
overall survival after esophagectomy, which involves
a higher likelihood of late diaphragmatic hernias.
This analysis also identified lymph node harvest as an
independent risk factor for PEDH, and the main reason
for this association is the surgical demolition of esophageal
cancer resections. Although the pathogenic mechanism
of PEDH remains unclear, the loss of adhesions between
the esophagogastric tract and the surrounding mediastinal
and diaphragmatic structures is considered as a primary
element leading to trans-hiatal herniation. The extent of
lymphadenectomy is an expression of surgical demolition,
and it has been associated with surgical complications
after esophagectomy (20). The median number of
removed nodes was substantial in this study population
(32 nodes), and although a wide lymphadenectomy has been
demonstrated to be an important prognostic factor for long-
term outcomes, this parameter has been associated with
higher rates of postoperative complications (21,22). This
risk factor analysis demonstrated that minimally invasive
esophagectomy was not significantly associated with
postoperative diaphragmatic herniation. However, previous
studies demonstrated a significant association between
keyhole surgery and the postoperative development of
PEDH. The primary reason would be the increase of intra-
abdominal pressure by the insufflation of carbon oxide that
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Table 3 Univariate and Multivariate logistic regression of risk factors
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Characteristic

Univariate analyses

Multivariate analyses

OR (95% ClI) P value OR (95% ClI) P value

Male 4.329 (0.572-32.741) 0.122

Age >60 years 0.830 (0.346-1.989) 0.675

BMI >25 kg/m’ 0.941 (0.398-2.220) 0.889

ASA llI-IV 0.414 (0.137-1.246) 0.106

Neoadjuvant chemotherapy 0.356 (0.082-1.552) 0.152

Neoadjuvant chemoradiotherapy 2.885 (1.182-7.042) 0.016 2.4083 (0.951-6.072) 0.064
Adenocarcinoma subtype 2.107 (0.698-6.355) 0.177

Barrett metaplasia 1.775 (0.738-4.270) 0.195

EGJ localization 1.372 (0.547-3.442) 0.499

pTO 4.406 (1.752-11.084) 0.001 3.616 (1.384-9.449) 0.009
pT3-4 0.646 (0.265-1.575) 0.333

Lymph node count >33 2.894 (1.109-7.549) 0.024 3.029 (1.140-8.049) 0.026
OlL 0.461 (0.134-1.591) 0.210

HIL 1.061 (0.443-2.541) 0.894

MIL 1.852 (0.699-4.910) 0.209

Severe morbidity (CD >3a)* 0.747 (0.286-1.954) 0.551

Reoperation* 1.839 (0.515-6.559) 0.341

¥, after esophagectomy. CD, Clavien-Dindo scoring system.

could lead to a progressive hiatal widening by the traction omentectomy.

effect on tissues, while another explanation is the possible
involvement of the lesser postoperative adhesions following
minimally invasive surgery (3,6,9,15). In addition, previous
comparative studies revealed that minimally invasive
esophagectomy could lead to equivalent surgical dissection
and wider lymphadenectomy due to the intraoperative
imaging magnification (23,24). However, this analysis
showed that open, hybrid, and total minimally invasive Ivor
Lewis esophagectomy reported increasing occurrence rates
of diaphragmatic hernia (ORs =0.461, 1.061, and 1.852,
respectively) although the association between surgical
technique and PEDH was not statistically significant.
Despite these results, mechanisms triggering diaphragmatic
herniation after esophagectomy remain unclear and too
little evidence can support specific preventing measures.
However, surgical prevention may include additional
intraoperative procedures, such as the minimization of hiatal
enlargement, repair of excessively large hiatus, anchoring
of gastric conduit to the diaphragm, colopexy, and colonic
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Although the primary limitation of this study was the
retrospective design, data were prospectively collected in
an individual clinical database and all patients underwent a
standardized postoperative follow-up, which was equivalent
between institutions and that contributed to reducing the
selection bias. Another limitation was the wide range of
postoperative follow-up, which was limited primarily by the
number of advanced esophageal cancer cases and the overall
survival. Therefore, further prospective and multicenter
studies should be undertaken in order to perform
stratified analyses involving more risk factors and patient
characteristics.

Conclusions

In conclusion, the current study demonstrated an incidence
rate of 5.3% of diaphragmatic hernia after Ivor Lewis
esophagectomy for esophageal cancer. Risk factor analysis
identified pathological complete response and lymph node
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harvest as independent risk factors although data could
be affected by the group’s overall survival. More often,
PEDH involved the transverse colon and presented with
either severe or mild symptoms. However, the risk of
acute manifestation and the following significant post-
repair morbidity support the recommendation for elective
surgical treatment. Laparoscopic repair of non-complicated
diaphragmatic hernia is feasible and effective in high-
volume centers.
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