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a b s t r a c t

Background: Placement of paraesophageal type of “mesh” in paraesophageal hernia repair is contro-
versial. This study examines the trends and outcomes of mesh placement in paraesophageal hernia
repair.
Methods: The American College of Surgeons National Surgical Quality Improvement Program was
queried for patients who underwent paraesophageal hernia repair with or without mesh (2010e2017).
Demographics, operative approach, and outcomes were compared over time.
Results: Of 25,801, most paraesophageal hernia repair cases were elective (89.3%), without mesh (61.9%),
and performed laparoscopically (91.3%).When compared with open paraesophageal hernia repair pa-
tients, the patients undergoing laparoscopic paraesophageal hernia repair had lesser rates of reoperation,
readmission, mortality, overall complications and major complications (2.7% vs 4.8%, 6.2% vs 9.6%, 0.6% vs
2.9%, 7.1% vs 21.3%, 3.8% vs 11.1%, respectively; all P < .0001). Mesh placement was more common in
laparoscopic paraesophageal hernia repair (38.9 vs 29.7, P < .0001) than opern paraesophageal hernia
repair. During 2010e2017, mesh placement decreased from 46.2% to 35.2% of laparoscopic para-
esophageal hernia repair (P < .0001). Operative times for laparoscopic paraesophageal hernia repair
decreased over time, and laparoscpic paraesophageal hernia repair without mesh was consistently less
(with mesh: 176.0 ± 71.0 to 149.9 ± 72.5 min, without mesh: 148.6 ± 71.4 to 134.6 ± 70.4). We observed
no changes in comorbidities or adverse outcomes over time. Using multivariate analysis to control for
potential confounding factors, chronic obstructive pulmonary disease was associated most strongly with
adverse outcomes, including mortality (OR 2.53, CI 1.55e4.14), any complications (OR 1.80, CI 1.51e2.16),
major complications (OR 1.80, CI 1.51e2.16), readmission (OR 1.63, CI 1.33e1.99) and reoperation (OR
1.49, CI 1.10e2.02). Mesh placement was not associated with adverse outcomes.
Conclusion: The placement of mesh during laparoscopic paraesophageal hernia repair is not associated
with adverse outcomes. Use of mesh with laparoscopic paraesophageal hernia repair is decreasing with
no apparent adverse impact on short-term patient outcomes. Further research is needed to investigate
patient factors not captured by this national database, such as characteristics of the hernia, patient
symptoms, and hernia recurrence.

© 2019 Elsevier Inc. All rights reserved.
Introduction

The ideal approach to paraesophageal hernia repair (PEHR) is
the subject of ongoing investigation. The widespread adoption of
laparoscopy in the 1990s led many surgeons to prefer a
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laparoscopic approach to paraesophageal hernia repair (LPEHR) to
an open paraesophageal hiatus hernia repair (OPEHR).1e3 The use of
some type of prosthetic “mesh” to buttress a closed defect or to
bridge an open defect has been advocated to decrease the rate of
recurrence after repair. Multiple mesh types have been described,
including synthetic nonabsorbable, biosynthetic and biologic
matrices. In the setting of high recurrence rates, resolution of pa-
tient symptoms has been prioritized when tracking operative
outcomes.4

The use of mesh in PEHR has been a subject of much debate.
Studies in the early 2000s demonstrated lesser recurrence with the
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Table I
Categorization of outcomes as captured by NSQIP 30-day morbidity and mortality

Clavien-Dindo classification of complications

Grade 1: Deviation from norm Grade 3: Requiring surgical, endoscopic or radiologic intervention
� Peripheral nerve injury � Reoperation
� Progressive renal insufficiency � Return to operating room
� Acute renal failure Grade 4: Life-threatening complications
Grade 2: Requiring pharmacologic treatment � On Ventilator greater than 48 h (failure to wean)
� Deep incisional surgical site infection � Unplanned intubation (reintubation)
� Organ space surgical site infection � Septic shock
� Wound disruption � Myocardial infarction
� DVT requiring therapy � Cardiac arrest requiring CPR
� DVT with thrombophlebitis � Coma greater than 24 h
� Pulmonary embolism � Grade 5: Death
� Pneumonia � Mortality within 30 days
� Urinary tract infection
� Bleeding requiring transfusions
� Superficial incisional surgical site infection
� Graft, prosthesis or flap failure
� Stroke or cerebrovascular accident
� Sepsis

Wound complication Other outcomes

� Deep incisional surgical site infection � Unplanned readmission within 30 days
� Superficial incisional surgical site infection � Total hospital length of stay
� Wound disruption
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use of absorbable or nonabsorbable mesh, but these studies were
often hindered by short follow-up with inconsistent tracking of
patient symptoms. Publications describing catastrophic complica-
tions have guided many surgeons away from placement of syn-
thetic mesh.5,6 In a multicenter, prospective trial in 2006 by leading
foregut surgeons, Oelschlager et al7 demonstrated substantially
decreased short-term recurrence rates with the use of biologic
mesh to reinforce the hiatus. In contrast, the same authors pub-
lished long-term follow-up in late 2011, demonstrating no differ-
ences in recurrence between the mesh and non-mesh groups, with
almost 5-y follow-up.7,8 Since the latter publication, multiple other
studies have demonstrated equivalent9e12 or lesser13e17 recurrence
rates in PEHR with mesh. Despite the high rates of recurrence,
patient symptoms do not seem to be affected by mesh repair.18

In this setting of conflicting published information, there con-
tinues to be substantial variation in surgical practice at a national
level.19,20 The aim of this study was to investigate national trends in
PEHR, specifically the utilization of mesh, the short-term compli-
cations, and the trends in operative approach to the repair of par-
aesophageal hiatus hernias (laparoscopic versus open).
Methods

Data source

The database of the American College of Surgeons National
Surgical Quality Improvement Programwas used for this study. This
database records demographics, operative characteristics, and 30-
day outcomes in patients, with the stated intent of improving
health care outcomes using large-scale data from multiple sources.
NSQIP is a nationally validated, risk-adjusted, outcomes-based
program that provides a prospective database of patients under-
going major operative intervention. Data are deidentified to ensure
no patient-identifiable factors are included before distribution.
Data are collected by dedicated, surgical clinical nurse reviewers at
each site after both inpatient and outpatient procedures. Specifics
of data collection, actuary training, random sampling methods, and
inclusion and exclusion criteria are described by the American
College of Surgeons National Surgical Quality Improvement Pro-
gram. This study was considered exempt from institutional review
board approval because of the deidentified nature of the data
provided by the ACS.

Patient population

In 2010, current procedural terminology (CPT) codes for lapa-
roscopic paraesophageal hernia repair (LPEHR) were updated to
describe LPEHR with or without mesh, and, before 2010, there was
no distinguishing code for LPEHR. The NSQIP database was queried
for patients undergoing elective paraesophageal hernia repair from
2010 to 2017. CPT codes for PEHR (laparoscopic 43281, 43282; open
39502, 43332, 43333; and transthoracic 39520, 43334, 43335,
43336, 43337) were utilized based on earlier publications.21,22 Pa-
tients who underwent a concomitant bariatric procedure were
excluded from analysis by CPT code (43644, 43645, 43772, 43774,
43775). Patients who were pregnant or under 18 y of age were
excluded.

Outcomes

The NSQIP database captures 21 outcome-specific variables for
evaluation of postoperative complications. These 21 variables were
further categorized by the Clavien-Dindo classification of operative
complications as applicable (Table I).23,24 The primary outcomewas
major complications (Clavien-Dindo grade � 3). Secondary out-
comes included overall complications (Clavien-Dindo complication
grades 1e5), wound complications, total hospital duration of stay,
and unplanned readmission.

Statistical analysis

Data were analyzed using standard statistical methods utilizing
the SAS program v 9.4 (SAS, Cary, NC, USA). Descriptive statistics,
including means and standard deviations, medians and inter-
quartile range for continuous variables without a normal distribu-
tion, or counts and percentages, were used to describe the study
participants. Participants were grouped by laparoscopic and open
repair, by year of procedure, and by utilization of mesh. For
continuous variables, comparisons were made between groups
using t tests and Wilcoxon-Mann-Whitney tests. For categorical



Table II
Demographics of patients undergoing LPEHR and OPEHR

All PEHR Operative approach

OPEHR LPEHR P value*

Patient distribution (%) 8.7 91.3
Elective 89.30 69.3 91.3 < .0001

Age (y), median (IQR) 62 (48e76) 64 (50e79) 62 (47e76) < .0001
Female (%) 71.0 68.6 71.3 .008
Caucasian (%) 93.7 93.4 93.7 .300
BMI (kg/m2), median (IQR) 30.2 30.3 29.6 < .0001

(24.0e36.4) (24.2e36.4) (22.9e36.3)
Active smoker (%) 9.1 9.9 9.0 .150
Hypertension (%) 50.5 55.7 50.0 < .0001
Steroid use (%) 4.1 5.2 4.0 .004
Diabetes (%) 9.0 10.0 8.9 .100
COPD (%) 5.6 7.4 5.4 < .0001

BMI, body mass index; COPD, chronic obstructive pulmonary disease; IQR, interquartile range;
LPEHR, laparoscopic paraesophageal hernia repair; OPEHR, open paraesophageal hernia repair.

* Univariate analysis comparing open and laparoscopic approach.

Fig 1. Postoperative complications by procedure type (all groups P < .05). Univariate
analysis comparing complication rates between operative groups. P < .05 between all
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variables, the c2 and the Fisher exact tests were used to make
comparisons between groups. For the primary univariate analysis,
patient demographics, such as age, body mass index ([BMI] kg/m2),
diabetes, smoking, steroid use, other comorbidities, and operative
outcomes were compared to identify potentially confounding var-
iables. Variables used in multivariate logistic regression were
selected based on factors identified as statistically different be-
tween groups in univariate analysis (P < .05), and factors known to
potentially influence operative outcomes were based on prior
studies of hiatus hernia repairs. Multivariate logistic regression
analysis was performed controlling for potentially confounding risk
factors, such as age, sex, BMI, diabetes, steroid use, smoking,
chronic obstructive pulmonary disease (COPD), wound class, and
placemen t ofmesh. Odds ratio (OR) was used to compare outcomes
of patients with and without placement of mesh. Statistical sig-
nificance was set at P < .05 for all comparisons.
groups. Example: Reoperation rate between OPEHR with mesh (3.5%), OPEHR without
mesh (5.4%), LPEHR with mesh (2.5%), LPEHR without mesh (2.8%), P < .05.
Results

A total of 46,684 PEHR were identified from 2010 to 2017. A
thoracic approach was utilized in only 597 patients during this
period, and these patients were excluded from the study because of
low relative incidence. Concomitant bariatric procedures (sleeve
gastrectomy, Roux-en-Y gastric bypass) were performed in 20,286
cases and were also excluded as described earlier in the Methods
section of this report. This approach yielded 25,801 PEHR for
analysis. Of these procedures, the majority were performed lapa-
roscopically (91.3%) and without mesh (61.9%). Mean age was 62.0
± 14 y, mean was BMI 30.2 ± 6.2kg/m2, and 71.0% of patients were
female (Table II).

When compared with LPEHR patients, patients undergoing
open paraesophageal hernia repair (OPEHR) were found to be
somewhat older (64.4 ± 14.2 y versus 61.7 ± 14.0 y, P < .0001) and
had somewhat greater rates of COPD (7.4 vs 5.4%, P ¼ .0001).
OPEHRs took greater operative time (166.0 ± 99.3 min versus 147.7
± 74.9 min, P < .0001) and were less likely to be elective (69.3% vs
91.3%) and to have mesh placed (29.7% vs 38.9%, P < .0001). OPEHR
patients had a greater duration of stay (7.7 ± 11.8 days versus 2.8 ±
4.4 days, P < .0001) and greater rates of reoperation, readmission,
mortality, overall complications, and major complications (4.8% vs
2.7%, 9.6% vs 6.2%, 2.9% vs 0.6%, 21.3% vs 7.1%, and 11.1% vs 3.8%,
respectively; all P < .0001;Table II, Fig 1).

A total of 2,253 patients underwent OPEHR, 29.7% of whom had
mesh placed intraoperatively. When compared with OPEHR
without mesh, OPEHR with mesh was less likely to be emergent
(9.4% vs 17.2%, P < .0001) but had greater operative times (174.4 ±
92.5 min versus 162.4 ± 101.8 min, P < .0001). OPEHR with mesh
had a somewhat lesser duration of stay (7.0 ± 10.5 days vs 8.0 ± 12.3
days, P < .0001) and less reoperations, overall complications, and
major complication rates (3.5% vs 5.4%,17.2% vs 23.0%, 8.4% vs 12.2%,
respectively, p � .05 all values; Table III, Fig 1).

The majority of PEHR were performed laparoscopically (23,548
LPEHR, 91.3%), and 38.9% of LPEHR had mesh placed. When
compared with LPEHR without mesh, mesh was placed in some-
what older LPEHR patients (63 ± 13.5 y versus 60.9 ± 14.3 y, P <
.0001), with similar rates of COPD (5.8% vs 5.2%), and LPEHR with
mesh were somewhat less likely to be emergent (1.8% vs 2.2%, P ¼
.03). LPEHR with mesh had greaterer operative times (159.0 ± 76
min versus 140.6 ± 73.3 min, P < .0001) but no difference in
reoperation, overall complications, and major complication rates
(Table III, Fig 1).

LPEHR became more common over time, with 85.7% of repairs
performed laparoscopically in 2011 and 93.3% in 2017 (P < .0001).
Placement of mesh became somewhat more frequent in OPEHR
(28.3% in 2011 to 32.1% in 2017, P ¼ .03) but less frequent in LPEHR
(46.2% in 2010 to 35.2% in 2017, P < .0001; Fig 2). Despite these
changes, there was no difference in complication rates over time,
including reoperation, readmission, mortality, andminor andmajor
complications (Fig 3, Table IV).

When multivariate analysis was used to control for multiple,
potentially confounding factors, patients undergoing LPEHR with



Table III
Demographics of patients undergoing open and PEHR with and without mesh

All PEHR OPEHR LPEHR

With mesh Without mesh P value* With mesh Without mesh P value*

Patient distribution (%) 29.7 70.3 38.9 61.1
Elective 89.30 75.1 66.8 < .0001 91.3 91.3 .9

Age (y), median (IQR) 62 (48-76) 63 (50-77) 64 (50-79) .006 63 (49-76) 61 (57-75) < .0001
Female (%) 71.0 67.4 69.1 .4 71.4 71.2 .7
Caucasian (%) 93.7 94.1 93.1 .57 94.4 93.3 .006
BMI (kg/m2), median (IQR) 30.2 29.7 29.6 .2 30 30.5 <.0001

(24.0-36.4) (23.4-36) (22.7-36.5) (24.2-35.8) (24.2-36.8)
Active smoker (%) 9.1 9.1 10.2 .4 8.7 9.1 .3
Hypertension (%) 50.5 53.2 56.8 .1 52.2 48.5 <.0001
Steroid use (%) 4.1 4.3 5.6 .2 4.2 3.8 .2
Diabetes (%) 9.0 7.6 11.0 .02 8.5 9.2 .07
COPD (%) 5.6 7.6 7.3 .8 5.8 5.2 .03

BMI, body mass index; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; PVD, peripheral vascular disease; OPEHR, open
paraesophageal hernia repair; LPEHR, laparoscopic paraesophageal hernia repair.

* Univariate analysis comparing PEHR with and without mesh.

Fig 2. Mesh use over time in PEHR . Data labels (percentages) represent the proportion
of operation type performed in that year.
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placement of mesh had greater operative times by 17.1 min (SD
1.02, P < .0001). Wound complications were independently asso-
ciated with increased BMI (OR 1.04 per unit, CI 1.01e1.06). COPD
was independently associated with increased rates of reoperation
(OR 1.49, CI 1.1e2.02), readmission (OR 1.63, CI 1.33e1.99), 30-day
mortality (OR 2.53, CI 1.55e4.14), minor and major complications
(OR 1.80, CI 1.51e2.16; OR 1.85, CI 1.47e2.32, respectively), and
increased durations of stay (1.05 days, SD 0.12, P < .0001). Diabetes
was independently associated with increased rates of reoperation
(OR 1.37, CI 1.07e1.77), 30-day mortality (OR 1.77, CI 1.07e2.93),
minor and major complications (OR 1.30, CI 1.11e1.53; OR 1.48, CI
1.20e1.82, respectively), and increased durations of stay (0.32, SD
0.10, P < .0009). Placement of mesh was not associated with any
adverse outcomes (Table V).
Discussion

LPEHR has become the primary treatment for patients with
symptoms refractory to medical management.3,19 This retrospec-
tive review of a national database from 2010 to 2017 demonstrates
an increasing proportion of laparoscopic repairs, with open repair
more often performed in emergent or non-elective settings. The
use of some form of “mesh” in PEHR has persisted despite con-
flicting evidence for its benefits, with 35% of PEHR in 2017 per-
formed with mesh. The rate of mesh placement in PEHR, as
captured by this data set, however, has decreased from 45% to 36%
in this time interval.25
Potential benefits of placement of mesh during LPEHR have been
examined closely since the 1990s. In a 2007 retrospective review,
Zaninotto et al26 described a lesser recurrence rate in patients with
a median follow-up of 64 months with type III hiatal hernias
repaired with mesh.26 A short term decrease in recurrence rate
with placement of mesh has been described with several types of
mesh, both absorbable and synthetic.7,13,27 Several meta-analyses
have also described decreases in objective recurrence rates when
mesh is placed, although this is across variable time frames of
follow-up.17,18 Studies are often hindered by retrospective review,
variable different types of mesh, and short follow-up, all of which
may allow for selection bias and insufficient time for objective
recurrence to present.

Well-designed studies with long follo- up, however, have
demonstrated no difference between recurrence and symptoms
after LPEHR with and without the placement of mesh. Oelschl-
ager et al8 demonstrated equivalent recurrence rates at almost
5-y mean follow-up after LPEHR randomized with or without
reinforcement with a biologic mesh.8 Similarly, in a prospective,
double-blind randomized controlled trial, Watson et al28

demonstrated no difference in hernia recurrence at 6 months
after the repair of large hiatal hernias when comparing suture
repair (23.1%), absorbable mesh (30.8%), and nonabsorbable
mesh (12.8%, P ¼ .16). In another review of patients with large
paraesophageal hernias, Tam et al12 found no difference in
recurrence at 27 months when mesh reinforcement was used. In
a more recent paper on laparoscopic hiatal hernia repair with a
median follow-up of 4.3 y, patients who had mesh reinforcement
had no difference in symptomatic recurrence or reoperation
when compared with patients without mesh (16.9% vs 22.4%,
P ¼ .36).9 Notably, mesh reinforcement has been associated
with lesser reoperation rates but equivalent recurrence rates in a
recent meta-analysis of randomized controlled trials.10 Earlier
studies utilizing the ACS NSQIP database have also demonstrated
that placement of mesh is not associated with more complica-
tions after PEHR but that operative times were associated with
more complications, likely reflecting the operative complexity or
the ability of the surgeon.29

Several studies have associated mesh reinforcement with worse
patient symptoms,12,30,31but because patient symptoms were
captured inconsistently, it is difficult to make any definite conclu-
sions regarding symptoms.9,16,18,32 Many patients report persistent
symptomatic relief even in the setting of radiographic evidence of
recurrence.4,33,34 Finally, several studies have described an
increased complexity of revisional operations when mesh had



Table IV
Outcomes after elective PEHR

All PEHR With mesh Without mesh P value*

Reoperation (%) 2.9 2.6 3 .06
Open 4.8 3.5 5.4 .05
Laparoscopic 2.7 2.6 2.8 .3

Readmission (%) 6.5 6.7 6.4 .4
Open 9.6 8.4 10.1 .2
Laparoscopic 6.2 6.6 5.98 .08

30-day mortality (%) 0.8 0.7 0.9 .07
Open 2.9 2.1 3.2 .1
Laparoscopic 0.6 0.6 0.6 .7

Wound complications (%) 1.0 0.8 1.1 .002
Open 4.7 1 4.99 .3
Laparoscopic 0.6 0.5 0.7 .06

Clavien-Dindo grade � 1 8.4 7.7 8.8 .001
Open 21.3 17.2 22.98 .002
Laparoscopic 7.1 6.96 7.2 .44

Clavien-Dindo grade �3 4.5 4 4.8 .006
Open 11.1 8.4 12.2 .008
Laparoscopic 3.8 3.7 3.9 .4

* Univariate analysis comparing PEHR with and without mesh.

Table V
Outcomes of LPEHR as associated with risk factors*

Outcome Reference Mesh Elective Diabetes COPD

Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

Clavien-Dindo 1-5 (overall) 1.00 0.93 0.83e1.03 0.41y 0.35e0.47 1.30y 1.11e1.53 1.80y 1.51e2.16
Clavien-Dindo �3 (major) 1.00 0.91 0.79e1.05 0.43y 0.36e0.52 1.48y 1.20e1.82 1.85y 1.47e2.32
30-day mortality 1.00 0.87 0.59e1.27 0.32y 0.21e0.49 1.77y 1.07e2.93 2.53y 1.55e4.14
Readmission 1.00 1.09 0.98e1.23 1.05 0.93e1.19 1.16 0.96e1.39 1.63y 1.33e1.99
Return to OR 1.00 0.91 0.77e1.08 0.64y 0.40e0.83 1.37y 1.07e1.77 1.49y 1.10e2.02
Wound complication 1.00 0.67y 0.46e0.97 0.41y 0.26e0.65 1.19 0.69e2.06 1.63 0.88e3.01

CI, confidence interval.
* Multivariate logistic regression.
y Statistically significant.

Fig 3. Complication rates of PEHR over time.
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been placed previously or catastrophic outcomes after placement
of nonabsorbable mesh against the esophagus.6,35,36

Although this study demonstrated that the use of PEHR with
mesh is decreasing, the reason(s) for this trend cannot be deter-
mined from the present study. The slowly decreasing incidence of
mesh repair may be tied to the growing literature, demonstrating
equivalence for most outcomes with and without mesh. Nonethe-
less, the persistent use reflects variability in surgical practices
across the country. This variability was evident in a 2010 survey, in
which 25% of the surveyed members of the Society of American
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Gastrointestinal and Endoscopic Surgeons (SAGES) used mesh in
more than 50% of PEHR, and 23% never used mesh, and younger
surgeons were much more likely to use mesh (59% vs 7%).19 The
2013 SAGES “Guidelines for the Management of Hiatal Hernia”
endorsed a lesser short-term recurrence rate with placement of
mesh but discussed the limitation of inadequate data to determine
any long term benefit of mesh reinforcement on recurrence rate.37

The guidelines specifically advise against the use of synthetic,
nonabsorbable mesh to bridge a hiatal defect because such mesh
has the potential to erode into the esophagus. As operative tech-
nique and outcomes are strongly tied to surgical center and case-
load, the use of mesh may similarly reflect surgeon factors rather
than data-driven reasoning.

This study is limited by several factors. This retrospective review
of surgical practices has not been reviewed in a prospective manner
on a national scale. The NSQIP database is limited because it is not
entirely inclusive of nationwide trends and instead is from patients
and centers that participate voluntarily. Data are limited by the
variables captured by the NSQIP database, and the accuracy of the
personnel who enter them. Data do not include hernia-specific
variables, such as defect size, type of mesh placed, volume of her-
nia repairs at each institution, and history of previous PEHR. The
complications captured are short term (30 days) and do not include
concerns specific to PEHR, such as postoperative discomfort,
persistence of symptoms, and recurrence. The operative approach
may have been prompted by clinical judgment not fully reflected in
the comorbidities captured by the database. Finally, although many
measured outcomes were found to be “statistically significant,” this
may be a factor of the large database and may have limited clinical
relevance.

In conclusion, the placement of mesh during PEHR appears to be
decreasing in frequency at a national level. It is unclear what factors
influence placement of mesh at a surgeon level. Further investi-
gation on long-term outcomes, including recurrence and symptom
management, after PEHR is warranted.
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