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Abstract

Introduction The anatomy of the esophageal hiatus is altered during esophagogastric surgery with an increased risk of postop-
erative hiatus hernia (HH). The purpose of this article was to examine the current evidence on the surgical management and
outcomes associated with HH after esophagogastric surgery for cancer.

Materials and methods Systematic review and meta-analysis. Web of Science, PubMed, and EMBASE data sets were consulted.
Results Twenty-seven studies were included for a total of 404 patients requiring surgical treatment for HH after esophagogastric
surgery. The age of the patients ranged from 35 to 85 years, and the majority were males (82.3%). Abdominal pain, nausea/
vomiting, and dyspnea were the commonly reported symptoms. An emergency repair was required in 51.5%, while a minimally
invasive repair was performed in 48.5%. Simple suture cruroplasty and mesh reinforced repair were performed in 65% and 35%
of patients, respectively. The duration between the index procedure and HH repair ranged from 3 to 144 months, with the
majority (67%) occurring within 24 months. The estimated pooled prevalence rates of pulmonary complications, anastomotic
leak, overall morbidity, and mortality were 14.1% (95% CI = 8.0-22.0%), 1.4% (95% CI = 0.8-2.2%), 35% (95% CI = 20.0—
54.0%), and 5.0% (95% CI = 3.0-8.0%), respectively. The postoperative follow-up ranged from 1 to 110 months (mean = 24)
and the pooled prevalence of HH recurrence was 16% (95% CI = 13.0-21.6%).

Conclusions Current evidence reporting data for HH after esophagogastric surgery is narrow. The overall postoperative pulmo-
nary complications, overall morbidity, and mortality are 14%, 35%, and 5%, respectively. Additional studies are required to
define indications and treatment algorithm and evaluate the best technique for crural repair at the index operation in an attempt to
minimize the risk of HH.
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Introduction

Esophagogastric surgery is the cornerstone for esophageal and
gastric cancer. These consist of a demolitive stage with en bloc
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esophageal or gastric dissection, lymphadenectomy, and resto-
ration of the alimentary tract [1-3]. After the procedure, the
normal anatomy around the hiatus can be altered due to surgical
maneuvers causing inadvertent injuries to the crural muscular
fibers. Therefore, there is an increased risk of postoperative
hiatus hernia (HH) with herniation of the intra-abdominal vis-
cera. The incidence of HH after esophagogastric surgery is not
well described. A recent systematic review reports a postoper-
ative HH incidence of 2.6% up to 32-month follow-up; how-
ever, because of the limited follow-up and the selection bias for
some studies reporting data for only HH requiring surgical
management, the actual incidence might be underestimated [4].
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HH after esophagogastric surgery can cause severe life-
threatening complications and critical illnesses in a high per-
centage of the patients [5, 6]. These patients with HH often
present with acute symptoms onset related to strangulation,
necrosis, and perforation of the herniated viscera.
Symptomatic HH mandates a surgical intervention, including
reduction of the herniated intra-abdominal viscera and con-
comitant cruroplasty to reduce the risk of future recurrences
[7]. Current knowledge about incidence, risk factors, and re-
lated outcomes is only supported by retrospective studies.
Therefore, contemporary evidence about presenting symp-
toms, timing for surgical repair, treatment strategies, related
complications, recurrence, and postoperative mortality is puz-
zled and unsettled.

The aim of this systematic review and meta-analysis was to
examine the current literature on the surgical management and
outcomes associated with HH after esophagogastric surgery
for cancer.

Materials and methods
Search strategy

A systematic review was performed according to the guide-
lines from the Preferred Reporting Items for Systematic
Reviews and Meta-analyses checklist (PRISMA) [8] and
Meta-analyses of Observation Studies in Epidemiology
(https://www.editorialmanager.com/jognn/account/MOOSE.
pdf). The literature search ended on March 15, 2021. An
institutional review board approval was not required. The
literature search was conducted independently by three
authors (AA, GB, and FL) to identify the English-written pub-
lished series on hiatus hernia after esophagectomy or gastrec-
tomy for cancer. Web of Science, PubMed, and EMBASE
data sets were consulted matching the terms “hiatus hernia,”
“esophagectomy,” “esophageal resection,” “gastrectomy,”
and “gastric resection,” with “AND” and “OR.” The refer-
ences of each article were assessed to complete the research

[9].

EEINT3

Inclusion and exclusion criteria

Inclusion criteria are as follows: (a) articles reporting out-
comes for hiatus hernia after esophagectomy or gastrectomy
for cancer; (b) English written; (c) papers with the longest
follow-up or the largest sample size in case of articles pub-
lished by the same study group or based on the same dataset.
Exclusion criteria are as follows: (a) not English written; (b)
articles not reporting any of the a priori defined primary out-
comes; (c) articles describing outcomes for distal gastrectomy
or atypical gastric resection; (d) case series and case reports
with <5 patients.
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Data extraction

Three authors (FL, CL, and AA) independently extracted data
from eligible studies. Data extracted included study character-
istics (first author name, year, and journal of publication),
number of patients included in the series, time frame, clinical
and demographic characteristics of patients’ population, type
of surgical procedure, and postoperative outcomes.
Disagreements between authors were resolved by consensus;
if no agreement could be reached, a fourth senior author (DB)
made the decision.

Quality assessment

The quality of observational studies was independently
assessed by three authors (AA, FL, and CL) with the
Risk of Bias In Non-Randomized Studies (ROBINS-I) in-
strument [10]. Confounding, selection, classification, inter-
vention, missing data, outcomes measurement, and
reporting bias were considered. Each domain was estimat-
ed with “yes,” “probably yes,” “probably no,” or “no,” and
studies were categorized as having low, moderate, serious,
or critical risk of bias.

EENT3

Outcomes

Primary outcomes include the following: overall complica-
tions and hospital mortality. Secondary outcomes are as fol-
lows: anastomotic leak, pulmonary complications, cardiovas-
cular complications, conversion to open, reoperation, hospital
length of stay (HLOS), and hernia recurrence.

Statistical analysis

We performed a random-effects frequentist meta-analysis.
Binary outcomes were pooled using generalized linear
mixed models with logit transformation [11, 12]. The
maximum likelihood estimator was used to estimate the
between-study variance (t%) and the nonparametric boot-
strap was used to calculate its bias-corrected and 95%
confidence interval. The inverse-variance weighted
random-effects frequentist meta-analysis was performed
by conventional methods using DerSimonian—Laird esti-
mator for estimate between-study variance (t?) [13].
Clopper—Pearson 95% confidence interval for an individ-
ual was computed [14]. Statistical heterogeneity was eval-
uvated (I? index): value of 25% or smaller was defined as
low heterogeneity, value between 50 and 75% as moder-
ate heterogeneity, and 75% or larger as high heterogeneity
[15, 16]. Small study and publication bias effects were
assessed by trim and fill funnel plot visual inspection
and Egger tests [17-19]. The prediction interval for the
treatment effect of a new study is calculated according to
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Borenstein et al. [20]. As the sample size is not the same
in all studies, we gradually removed a small sample size
to perform a sensitivity analysis to assess stability of re-
sults. Two-sided p-values were considered statistically
significant when <0.05. All analyses and graphical repre-
sentations were carried out using R version 3.2.2 software
[21].

Results
Systematic review

Twenty-seven studies published between 1999 and 2021 met
the inclusion criteria (Fig. 1). Overall, 23 studies reported data
for the total number of surgical procedures performed for
esophageal gastric cancer (18,125 patients). The prevalence
of post-esophagogastric surgery HH was 3.18%, while the
prevalence of HH requiring surgical treatment was 2.01%.
Overall, 404 patients underwent surgical treatment for HH
and were included in the final quantitative analysis. The sam-
ple size of the individual studies ranged from 5 to 43. All
reports were observational cohort studies. Fourteen studies
were classified with moderate risk of bias, while thirteen had
serious risk of bias at quality assessment (Supplementary
Table 1). Patient demographics, clinical, and operative vari-
ables are shown in Table 1. The age of the included patients
ranged from 35 to 85 years, the majority were males (82.3%),
and the preoperative body mass index (BMI) was reported in
10 articles. Overall, 21 studies (289 patients) described the
surgical approach for the index operation: 57.0% had a hybrid
or totally minimally invasive esophagectomy, 21.2% open
esophagectomy, 15.2% transhiatal esophagectomy, and
6.6% total gastrectomy. The incidence of HH after minimally
invasive procedures ranged from 0.0 to 22.1%, while it ranged
from 0.0 to 12.3% following open surgery. The pooled inci-
dence of HH was higher after minimally invasive procedures
(5.3%; 95% CI = 2.9-6.7) compared to open surgery (1.5%;
95% Cl = 0.4-2.2).

Seventeen studies reported the details of the surgical tech-
nique for crural dissection at the index operation. The crural or
diaphragmatic opening was not routinely performed, and the
decision was left to the operating surgeon’s preference. Partial
or complete division of the right/left crus or dissection of the
anterior aspect of the diaphragm was described and reported
heterogeneously. Similarly, various techniques for hiatus clo-
sure at the index procedure were described in 14 studies (leav-
ing the hiatus open, systematic hiatus closure with interrupted
sutures, or simple closure reinforced with pledgets). Finally,
11 studies described the technique for diaphragmatic gastric
tube fixation. Again, the reported techniques were variable
(i.e., “a la demande” interrupted stitches, cardinal interrupted
stitches at the 9, 12, and 3 o’clock, continuous suture).

Preoperative symptoms related to HH were reported in 21
studies (n = 329): commonly reported symptoms were abdom-
inal pain (54.7%), nausea/vomiting (33.4%), and dyspnea
(24%), while 15.5% were asymptomatic. Various indications
for surgical repair of HH were reported, dependent on surgeon
preference and hospital inclination. The majority of patients
had involvement of the left hemithorax (89.1%), while 3.4%
had bilateral visceral herniation. The most commonly reported
herniated organ was the colon (51%), followed by combined
colon—jejunum (31%) and small bowel (16%). The timing
from the index procedure to diagnosis and surgical repair
was specified in 19 studies and ranged from 3 to 144 months.
The majority of patients (67%) underwent surgical treatment
within 24 months from the index cancer surgery. An emer-
gency repair was performed in 51.5% of patients for incarcer-
ation or strangulation of the herniated viscera. Minimally in-
vasive laparoscopic repair was successfully performed in
48.5% of patients. After reducing the herniated organs, simple
suture cruroplasty was performed in 64.6%, while mesh rein-
forced repair was necessary in 35.4% of patients. Other tech-
niques such as pexy (colopexy, gastropexy, omentopexy) and
crural gastric conduit fixation were reported in a minority of
patients. Bowel resection was necessary for 6.9%. The post-
operative follow-up was reported in 15 studies and ranged
from 1 to 110 months (mean = 23.7).

Meta-analysis
Primary outcomes

In addition to a systematic review, we performed a frequentist
meta-analysis. Considering random-effects model, the esti-
mated pooled prevalence of overall morbidity (16 studies,
300 patients) is 35% (95% CI = 20.0-54.0%) (Fig. 2A-B).
The prediction lower and upper limits are 2.0% and 92.0%,
respectively. The heterogeneity index is high (I = 69%, 95%
CI = 59.6-95.7%; p < 0.01). The sensitivity analysis shows
the robustness of the results. The estimated pooled prevalence
of hospital mortality (25 studies, 399 patients) is 5.0% (95%
CI =3.0-8.0%) (Fig. 3A-B). The prediction lower and upper
limits are 3.0% and 8.0%, respectively. The heterogeneity
index is 0 (I* = 0.0%, 95% CI = 0.0-8.4%; p = 0.54). The
sensitivity analysis shows the robustness of the results.

Secondary outcomes

The estimated pooled prevalence of anastomotic leak (17 stud-
ies, 335 patients) is 1.4% (95% CI = 0.8-2.2%). The predic-
tion lower and upper limits are 0.3% and 4.3%, respectively.
The heterogeneity index is moderate (I* = 31%). The sensitiv-
ity analysis shows that omitting the study by Gust et al., the
heterogeneity decreases to 0.0%. The pooled prevalence of
cardiovascular complication (14 studies, 283 patients) is
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9.0% (95% CI = 4.1-16.0%) with a moderate heterogeneity
(I = 68%). The pooled prevalence of pulmonary complication
(18 studies, 344 patients) is 14.1% (95% CI = 8.0-22.0%)
with a moderate heterogeneity (I* = 27%). The pooled preva-
lence rates of conversion to open procedure (18 studies) and
reoperation (22 studies) are 9.2% (95% CI = 4.0-21.0%) and
12.0% (95% CI = 8.0-17.3%), respectively. The estimated
pooled mean HLOS (16 studies) is 15.9 days (I* = 93%).
The pooled prevalence of recurrence after HH repair (22 stud-
ies) is 16.0% (I* = 0.0%) (Table 2).

Discussion

Our systematic review suggests that evidence reporting data
for hiatus hernia after esophagogastric surgery is scarce and
only supported by retrospective studies. In the present analy-
sis, the incidence of post-esophagectomy/gastrectomy HH is
about 3%, while up to 2% of patients may require surgical
treatment. Postoperative overall complications rate is up to
40%, while anastomotic leak and pulmonary complications
are commonly reported. The postoperative hospital mortality
is estimated up to 5%.

There is limited experience with trans-diaphragmatic vis-
ceral herniation after esophagogastric surgery even at high-
volume centers, and current evidence is mainly ascribed to
observational studies. The actual prevalence of transhiatal her-
niation after esophagogastric surgery is a matter of discussion,
with previous studies reporting a wide range of incidence.
This is likely due to the various definitions of diaphragmatic
hernia and the heterogeneous inclusion criteria. All these is-
sues, in conjunction with the retrospective design of studies,
lack of adherence to standardized follow-up schedules, routine
imaging, threshold for clinical suspicion, and presence of mild
symptoms, may be responsible for the real prevalence of
underreporting and underestimation [5, 36]. For example,
Brenkman et al. reported a HH incidence of 7% after esoph-
agectomy. This percentage was probably underestimated be-
cause up to 25% of patients that underwent esophagectomy
did not undergo a computed tomography scan [3]. On the
other hand, Ganeshan et al. reported a higher percentage of
HH (up to 15%) in their study, including both symptomatic
and asymptomatic patients [28]. A recently published analysis
reported a mean HH incidence of 2.6% during the postopera-
tive follow-up to 32 months [31]. Similarly, in the present
analysis, the incidence of HH has been estimated at around
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Fig. 2 Forest plot (A) and funnel plot (B) for overall complications

3%, with almost 2% of subjects requiring surgical repair.
Although transhiatal herniation may develop in both open
and minimally invasive procedures, we observed a trend to-
ward a higher incidence of HH after minimally invasive sur-
gery (5.3% vs. 1.5%). This result is in line with previous
studies reporting a significantly higher incidence of HH after
minimally invasive surgery [5]. It has been proposed that de-
creased postoperative intra-abdominal adhesions and a larger
size hiatal defect created by minimally invasive approaches
are associated with a higher incidence of HH [24, 30]. In
contrast, other studies reported the use of a minimally invasive
approach was not identified as an independent predictor for
HH in the multivariate analysis [4]. Therefore, whether a min-
imally invasive approach would increase the risk of HH is still
unclear. Symptomatic HH may occur both in the short- and
long-term follow-up and will presumably become an increas-
ing problem as cancer survival improves. In the present study,
the timing of presentation ranged from 3 to 144 months, with

@ Springer

the majority of patients (67%) being diagnosed within 24
months from the index cancer procedure. This result supports
the data reported by Brenkman et al. that described a higher
risk of HH within the first 2 years from the index procedure
[4].

The pathophysiology of diaphragmatic visceral herniation
after esophagogastric surgery has been extensively discussed.
As reported in previous studies, pre-existing hiatal hernia,
surgical widening of the hiatus, accidental pleural laceration,
advanced tumor stage with partial crural en bloc resection, and
high abdominal-thoracic pressure gradient are risk factors.
Additionally, lower BMI (<25 kg/m?) or excessive weight
loss after index surgery, diabetes, total number of harvested
lymph nodes, transhiatal approach, and neoadjuvant therapy
have been advocated as further risks [22—45]. In an attempt to
restore the hiatus function and reduce the incidence of HH,
several technical features have been described such as direct
closure of the diaphragmatic defect, crural mesh reinforcement,
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fixation of the conduit to the crura, and omentopexy at the
index operation. However, data are sparse and conclusive ev-
idence about the most appropriate technique for HH preven-
tion is lacking. In the present systematic review, only 14 stud-
ies described the technique for crural reconstruction at the
index procedure. Therefore, any attempt at quantitative anal-
ysis was not possible because data were heterogenecous and
outcomes reported as aggregated. Further studies are
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necessary to assess the best technique for crural repair in at-
tempt to minimize the risk of HH [46].

Abdominal pain, nausea/vomiting, and dyspnea were com-
monly reported. These symptoms should be always monitored
carefully in patients with previous esophagogastric surgery as
these can be signs of mild HH. Therefore, it is recommended
to have a high index of suspicion for a prompt diagnosis [4, 6,
47]. Dysphagia and weight loss were less frequently reported;
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Table 2 Secondary outcomes

values are expressed as pooled Outcomes

Proportion (95% CI) 12 (95% CI) No. of studies

proportions and 95% confidence
intervals (95% CI). P,
heterogeneity; HLOS, hospital
length of stay

Cardiovascular complications
Pulmonary complications
Anastomotic leak
Reoperation

Conversion to open
Recurrence

HLOS (days)

9.0% (4.1-16.0%) 68% (26-95%) 14
14.1% (8.0-22.0%) 27% (5.3-49.0%) 18
1.4% (0.8-2.2%) 31% (0.0-53.1%) 17
12.0% (8.0-17.2%) 0.0% (0.0-78%) 22
9.2% (4.5-21.0%) 0.0% (0.0-67%) 18
16.0% (13-22.6%) 0.0% (0.0-26.1%) 22
15.93 (10.4-21.4%) 93% (76.2-99.4%) 16

however, tumor recurrence should always be excluded in
these patients. While symptomatic HH represents an ab-
solute indication for surgical intervention, asymptomatic
or mild symptomatic patients pose a dilemma for sur-
geons. A conservative wait-and-see approach in patients
without symptoms has been proposed by some authors. In
contrast, others recommended an elective surgical repair
even in asymptomatic patients because of the subtle risk
of hernia enlargement and possible evolution through
complication [6, 26, 42]. Current evidence is narrow and
heterogeneous, while a robust indication for conservative
vs. operative treatment in asymptomatic or mild symp-
tomatic patients with small- to medium-size hernia is still
unsolved. Therefore, additional studies are required to
better define a precise treatment algorithm in these pa-
tients. The decision should be patient tailored while
“pros” and “cons” should be balanced and individualized
according to prognosis, underlying diseases, and patient
wishes.

Emergent or urgent repair may be required in the case of
severe HH-related complications such as incarceration, ische-
mic bowel complications, strangulation, or bowel perforation
[28, 48]. In the present study, about 51% of patients
underwent urgent/emergent repair and bowel resection was
performed in about 7%. To date, different types of operative
strategies have been described. Both open and laparoscopic
approaches have been advocated as safe and feasible options.
However, surgeons should be prepared to undertake a thoracic
approach in case of severe thoracic adhesions that prevent the
reduction of the prolapsed contents into the abdominal cavity.
During the operation, the viability of the herniated viscera
should be evaluated and closure of the diaphragmatic defect
is recommended to possibly reduce the risk of HH recurrence.
While simple suture cruroplasty was performed in 65%, mesh
reinforced repair was adopted in 35% of patients. Currently, a
definitive indication about the most appropriate technique for
crural repair is lacking and further studies are warranted to
deeply assess this issue.

Transhiatal herniation after esophagectomy and gastrecto-
my has been shown to be associated with non-negligible post-
operative complications and mortality. The present quantita-
tive analysis showed that the postoperative morbidity and

@ Springer

mortality RR are 35% (95% CI = 20.0-54.0%) and 5.0%
(95% CI = 3.0-8.0%), respectively. While the heterogeneity
for overall morbidity is high, thus probably reflecting dif-
ferent articles reporting and the definition of postoperative
complications across studies, the related heterogeneity for
postoperative mortality was 0.0%, thus adding robustness
to the result. These data seem similar to previous studies
reporting postoperative morbidity and mortality rates up
to 45% and 10% [22-45]. It has been reported that post-
operative mortality may be higher in patients that present-
ed with acute symptoms and required an emergent opera-
tion; however, a subgroup analysis including emergency
cases was not feasible because the data were reported as
aggregated. Interestingly, pulmonary complications (RR =
14.1%, 95% CI = 8.0-22.0%) were the most commonly
observed postoperative complications. Therefore, sur-
geons should be aware of these life-threatening complica-
tions that require prompt diagnostic workup and manage-
ment. The pooled mean hospital length of stay was 15.9
days (95% CI = 10.1-21.5) with high related heterogene-
ity (I = 93%). This may be explained by several factors
such as patients’ age, comorbidities, preoperative BMI,
surgical technique, need for visceral resection, hospital
volume, and surgeons’ expertise.

The postoperative follow-up ranged from 1 to 110 months.
The estimated RR for recurrence was 16% (95% CI). The
related heterogeneity was high, thus probably reflecting the
significant variability within surgical techniques for crural re-
construction, operating surgeon’s expertise, and patients’ co-
morbidities. Therefore, evidence to support one technique
over another for crural repair and hiatus approximation is
lacking, while future studies should focus on this issue to
possibly minimize such complication.

We acknowledge that this review does have some limita-
tions related to possible publication bias due to the exclusion
of non-English articles, heterogeneity of some of the studies
included, and retrospective nature of the included series. As a
result of the retrospective design of included studies, lack of
routine imaging, and short follow-up, the exact incidence of
HH might be underreported. Various techniques for crural/
diaphragmatic dissection, crural approximation, and gastric
tube fixation at the index operation were described. In
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addition, a specific surgical approach was usually chosen for
each case based on the operating surgeon’s preference and
may represent a selection bias. Finally, the limited patient
cohort may constitute a further limitation. However, it should
be noted that HH after esophagogastric surgery is a relatively
rare complication with few publications and limited patients’
cohorts. Therefore, this meta-analysis aims to plea for further
qualitative and standardized studies in order to codify the best
surgical technique for hiatus closure at the index procedure, to
further assess a precise indication about asymptomatic pa-
tients (conservative vs. surgery), and find out a universally
accepted approach and treatment algorithm for such cases.
Finally, future studies should be focused on the identification
of predictive factors for HH in high-risk patients where pre-
ventive measures can be attempted and closer postoperative
follow-up applied.

Conclusions

Current evidence reporting data for HH after esophagogastric
surgery is limited and only supported by retrospective studies.
While the actual incidence remains unknown, the present
study demonstrates that the incidence of post-esophagecto-
my/gastrectomy HH is 3%, while surgical management is
necessary in about 2% of patients. The overall postoperative
complications rate may occur in up to 35% of patients with
pulmonary complications being commonly reported. The
postoperative mortality is estimated up to 5%. Additional
studies are required to define indications and treatment algo-
rithm and evaluate the best technique for crural repair at the
index operation in an attempt to minimize the risk of HH.
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