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Objective: To review management controversies in paraesophageal hernia and options for surgical repair.
Background: Paraesophageal hernia is an increasingly common problem. There are controversies over
whether and when paraesophageal hernias should be surgically repaired. In addition, if these hernias are
to be repaired, the method of repair, need for mesh reinforcement, need for fundoplication, and need for
gastropexy are not uniformly accepted.

Methods: Recent literature was reviewed on need for repair, approach (open, laparoscopic or robotic
surgery), method of repair (primary suture, use of relaxing incisions, use of mesh reinforcement), materials
and configuration of mesh reinforcement, need and type of fundoplication, and need for gastropexy, with
emphasis on surgical outcomes.

Conclusions: The extant literature suggests that paraesophageal hernia should be approached in a
patient-centered, precision medicine manner. In general, hernia reduction, sac excision and primary suture
approximation of the hiatal crura are mandatory. Use of mesh should be based on individual risk factors;
if mesh is used, biological meshes appear to have a more favorable safety profile, with the “reverse C” or
keyhole configuration allowing for increase in crural tensile strength at it most vulnerable areas. Use and
choice of fundoplication or magnetic sphincter augmentation should be based on individual considerations.

Finally, gastropexy is generally ineffective and should be used only in extreme circumstances.
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Introduction while undergoing imaging for chest or abdominal pain,
. or in the evaluation of unrelated conditions. Patients with
Rationale/background . . .

symptoms may present with a wide range of complaints

Hiatal hernia is a condition in which a portion of the
stomach and other abdominal organs may herniate cephalad
through the diaphragmatic hiatus into the mediastinum.
This is often the result of widening of the diaphragmatic
esophageal hiatus and weakening of the phrenoesophageal
membrane. The true incidence of hiatal hernia in the
general population is largely unknown as many patients
are asymptomatic and may receive a diagnosis incidentally
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including chest or abdominal pain, dyspnea, or reflux, with
the potential for life threatening complications including
volvulus, incarceration, strangulation, or perforation. Hiatal
hernias are categorized into four types:

% Type I: the gastroesophageal junction (GE]J)
migrates above the diaphragm (“sliding type”) due
to circumferential laxity of the phrenoesophageal
membrane and widening of the hiatus.
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% Type II: the GEJ remains in the normal anatomic
position, with a portion of the fundus herniated
through the hiatus alongside the esophagus.

% Type IIL: contains elements of Type I and II. The
gastroesophageal junction is above the hiatus along
with a portion of the stomach.

% Type IV: an intraabdominal organ, such as the
colon, spleen, pancreas, and small intestine is
additionally herniated through the hiatus

‘Type I hiatal hernias account for over 95% of the total
prevalence (1). Type II-IV hernias together are referred
to as paraesophageal hernias (PEH) and differ from Type

I by the preservation of posterolateral phrenoesopageal

attachments at the GEJ. Type III hernias represent

approximately 90% of PEH, while types II and IV represent
the remaining PEH’s. Treatment of the three types of

PEH’s will be the focus of this review.

Objectives

Our objectives are to determine which patients require
surgical repair. If surgical repaired is required, assessments
of type of repair, use of mesh, use of fundoplication or
magnetic sphincter augmentation, and use of gastropexy.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/jtd-21-720).

Methods

A comprehensive review of the available current literature
was performed on April 11, 2021, using PubMed, Cochrane
Review, and the Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) guidelines. Search terms
included the following: “hiatal hernia” AND “repair” AND
“fundoplication” AND “mesh”. Available results were
manually reviewed thoroughly for relevance and included (I)
need for repair, (II) surgical approach (open, laparoscopic,
or robotic surgery), (III) method of repair (primary suture,
use of relaxing incisions, use of mesh reinforcement),
(IV) materials and configuration of mesh reinforcement,
(V) need and type of fundoplication, (VI) and need for
gastropexy, with emphasis on surgical outcomes.

Discussion
Indications for surgical repair

Traditionally, surgical repair has been indicated for all
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patients presenting with paraesophageal hernia. Recently,
however, non-surgical management has gained favor
in asymptomatic and minimally symptomatic patients,
especially in those with increased age or significant co-
morbidities. Contemporary analyses suggest completely
asymptomatic paraesophageal hernias may be safe to observe
and manage expectantly (2). Currently, it is recommended
all symptomatic paraesophageal hiatal hernias be repaired,
particularly those with acute obstructive symptoms or those
presenting with volvulus (3,4).

Patients presenting with symptoms including
regurgitation, dyspnea, heartburn, chest or epigastric pain,
dysphagia, emesis, weight loss, or anemia (secondary to a
Cameron lesion) should be considered for elective operative
repair. Those with acute gastric volvulus with resultant
strangulation, ischemia, and perforation may require
reduction of the stomach with limited resection, if indicated.

Operative technical considerations

Conventionally, paraesophageal hernia repair was
approached by either laparotomy or thoracotomy. The
morbidity associated with these approaches has driven
innovative minimally invasive techniques. Contemporarily,
paraesophageal hernia repair is performed laparoscopically or
robotically with markedly improved post-operative outcomes,
and thus has become the recommended operative approach
(5,6). While the transthoracic approach has been lauded
for its ability to provide extensive esophageal mobilization,
the morbidity of the procedure has essentially rendered
this approach obsolete in modern practice. Further, many
transthoracic series have cited an increased risk of requiring
Collis gastroplasty for esophageal lengthening compared to
laparoscopic series (7,8). A laparoscopic approach is associated
with less post-operative pain, smaller incisions, decreased
risk of wound infection and incisional hernia, decreased post-
operative respiratory complications, and shorter length of
stay (5,8-10). Recurrence rates, however, are similar between
approaches. Recently, robotic-assisted approaches have gained
popularity for their potential advantages over traditional
laparoscopy, including enhanced visualization, improved
ergonomics, and wristed articulating instruments (11). Recent
analyses suggest a similar length of stay, operative times, and
outcomes as compared to traditional laparoscopy (11-13).

Need for bernia sac reduction

Dissection of the hernia sac is thought to release the
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tethering of the esophagus and allow for complete reduction
of the hernia, as well protect the esophagus from iatrogenic
damage (14). Once dissection is achieved, complete hernia
sac reduction from the mediastinum is recommended
and routinely performed in recent series (15,16). Existing
literature largely supports this practice with hernia recurrence
rates noted to be increased in those without sac reduction
compared to those undergoing complete reduction.
Occasionally, hernia sac reduction from the mediastinum
may be quite difficult due to a large paraesophageal hernia
or re-operative surgery. In this circumstance, the hernia
sac may be dissected from the crura and not completely
resected as to decrease the risk of potential vagal nerve
injury. Retrospective review has suggested this practice
may be associated with a trend toward higher recurrence,
however this was not statistically significant (17). The
authors advocate for complete hernia sac reduction
when able. Hernia sac excision is performed only if the
resultant sac interferes with visualization or fundoplication
construction. Alternatively, a partial excision is preferred
when complete reduction is not possible to allow for
an appropriate fundoplication to be performed without
excessive residual tissue caused by a large hernia sac.

Repair of the biatal defect

Primary suture approximation of the hiatus has remained
the mainstay practice for years. However, it is noted
there are high recurrence rates following laparoscopic
paraesophageal hernia repair (18). Several hypotheses
contributing to crural failure have been proposed and
include the inability to achieve a tension free repair, failure
to mobilize the appropriate length of esophagus, and lack of
tendon reinforcement of the crura (19). At the hiatus, tension
may occur secondary to a large hiatal defect resulting in
splayed crura upon repair. This axial tension related lateral
tension related to the widely splayed crura have been
highlighted as potential improvement areas. Accordingly,
efforts have focused on diaphragmatic relaxing incisions
in an attempt to mitigate crural tension. Small series have
demonstrated good short-term outcomes in patients with
large paraesophageal hernias with no major complications
(20,21). When a relaxing incision is deemed necessary due
to anticipated tension, the authors prefer a right-sided
diaphragmatic incision as this is generally the easiest to
perform, protected from recurrent herniation by the liver,
and away from the phrenic bundle. This relaxing incision is
then covered with biologic mesh. The mesh repair not only
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covers the defected created from the diaphragm release but
helps reinforce the entirety of the repair as these releases
are usually done for larger defects. If the right sided incision
is inadequate or cannot be performed due to a thin right
crura, a left sided diaphragmatic incision may be used, with
care to avoid damage to the phrenic nerve in either case.

We also routinely perform an intra-operative flexible
upper endoscopy to ensure at least 3 cm of esophageal
mobilization was achieved below the diaphragm. This
also serves as an appropriate sized bougie. Because
PEH failure may be most commonly related to a short
esophagus, this practice allows for the assessment of
need for a Collis gastroplasty after sufficient mediastinal
esophageal mobilization. It should be noted, however,
that despite a high anatomic recurrence rate, symptomatic
failure requiring surgical re-intervention remains low, at
approximately 3% (22). The authors will consent a patient
for a possible Collis gastroplasty when on the pre-operative
EGD the GE]J is noted to be <35 cm from the incisors. Due
to the ease and risk profile, a wedge Collis gastroplasty is
to preferred option of choice. This is done after a complete
mediastinal dissection has occurred, and the GEJ remains
at the level of the hiatus or within the chest with the
esophagus off tension.

Use of mesh

The use of mesh for paraesophageal hernia repair to
reduce the incidence of recurrence remains an area
of significant controversy. The basis of support stems
from the observation of success in the repair of other
hernias. The tension at the crural suture line or persistent
transdiaphragmatic pressure is thought to lead to
recurrence, whereas mesh may lead to increased tensile
strength (23). Consequently, the routine use of mesh in
crural repair has been an area of significant investigation.
Three randomized-controlled trials have evaluated
the benefits of crural mesh repair. The first two reported
significant reduction in recurrence rates during the study
period using synthetic polytetrafluoroethylene (PTFE)
mesh in an onlay fashion (24,25). Frantzides and colleagues
evaluated patients with large hiatal defects (>8 cm) with a
mean follow-up of 3.3 years. Radiographic recurrence was
reported at 22% in the primary suture repair group and all
occurred within the first six months after repair, with no
recurrence in the mesh cohort (24). While not specifically
addressing hiatal hernias, the second randomized studied
by Granderath and colleagues’ analyzed patients that
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underwent complete hiatal esophageal mobilization
during laparoscopic Nissen fundoplication and included
approximately half of patients studied with hiatal defects
>5 centimeters. PTFE was used in an onlay fashion with
a reported 26% recurrence in those undergoing primary
crural repair compared to 8% in those receiving mesh (25).
The third randomized trial included 90% Type III and IV
hiatal hernias in the control arm (84% in the treatment
arm) and demonstrated a significant reduction in 6-month
recurrence rates between patients undergoing repair with
porcine intestinal submucosal biologic mesh in a U-shaped
fashion versus primary suture repair (9% vs. 24%, P=0.04),
however reported equal recurrence rates and no difference
in clinical symptoms at 4-year follow-up (>50% recurrence
in both groups) (26). Of note, the drop-out rate during
follow-up in this study was significant, with not all patients
undergoing radiographic evaluation for recurrence.

Short term results of the available literature support
mesh reinforcement in hiatal hernia repair; however, these
results have not been observed long-term. Currently, there
is insufficient long-term evidence to recommend for or
against routine reinforcement with mesh at the hiatus. The
authors recommend a tailored patient-specific approach,
with mesh placement limited to those hiatal hernias
deemed most at risk for recurrence. These include large
paraesophageal hernias, recurrent hernias, overweight/obese
patients, or older patients with scoliosis (23). Recurrence
rates are indeed higher in the obese patient (27). Combined
weight loss and hernia repair surgeries, including PEH
repair with Roux-en-Y gastric bypass or sleeve gastrectomy,
should be considered. However, the best approach in
this patient population is not definitively answered in the
current literature. Similarly, management controversies
surround the re-operative PEH repair. While a standardized
definition of PEH recurrence remains elusive, many
consider repair in patients with radiographic recurrence of
>2 cm with worsening symptoms of dysphagia, reflux, and
regurgitation (28). A thorough pre-operative work-up to
include endoscopic evaluation, barium esophagram, and
esophageal manometry should be performed, and surgical
approach tailored to each individual patient’s needs.

Mesh materials

As routine mesh reinforcement of the hiatus remains
controversial, so too does the appropriate type of mesh
material to be used. Generally, mesh materials may be
classified as absorbable synthetic, permanent synthetic,
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or biologic (23). Non-absorbable PTFE meshes were the
first explored as adjuncts to hiatal reinforcement, though
the occurrence of erosions into the stomach or esophagus
in some patients kept these from becoming standard (29).
Absorbable meshes were introduced in an attempt to
reduce the hernia recurrence rate without the associated
morbidity of non-absorbable meshes. These may be
biologic, including AlloDerm® (Allergan PLC, Dublin,
Ireland), Surgisis® (Cook Medical, Bloomington, IN,
United States), or synthetic, including Vicryl® (Ethicon,
Somerville, NJ, United States) or Bio-A® (Gore Medical,
Newark, DE, United States). While their safety over non-
absorbable meshes is often touted, long-term efficacy and
cost effectiveness remains debatable.

Early systematic reviews have shown low recurrence rates
between permanent, synthetic, and biologic mesh repairs
(30,31). Watson and colleagues’ prospective randomized
trial compared suture cruroplasty and reinforced cruroplasty
with absorbable mesh and nonabsorbable mesh in patients
with large PEH (32). No differences in recurrence were
observed between the three cohorts, though the study was
limited to 12-month follow-up. Various suture patterns for
primary suture cruroplasty have been proposed and include
simple interrupted, figure-of-8, and pledgeted repair. At
24-month follow-up, quality-of-life was similar between
groups. Various other randomized controlled trials and
retrospective reviews have similarly evaluated biologic or
multiple mesh materials with satisfactory outcomes with
regard to preventing hiatal hernia recurrence (26,33-36).

Complications have been reported with all types of mesh,
including esophageal stenosis, stricture, and mesh erosion,
with more severe complications seemingly belonging
to synthetic meshes (37). Because of these potential
devastating complications, expert opinion has suggested
mesh repair should be limited to biologically derived
mesh for use only in large paraesophageal hernias or those
presenting with recurrence (37). The ideal mesh material
should assist in reinforcing crural repair without causing
undue tension, erosion, or dysphagia, combined with long-
term durability. Unfortunately, the ideal mesh material has
yet to be realized. Consequently, the Society of American
Gastrointestinal Endoscopic Surgeons (SAGES) guidelines
conclude there is insufficient evidence to support for or
against the use of mesh for crural reinforcement (3).

Mesh configuration

The correct configuration of mesh is also controversial.
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The most commonly used arrangements include U-shaped,
rectangle, reverse C-shaped, and keyhole (37). It has been
previously reported that recurrent hiatal hernia defects tend
to occur anteriorly and to the left of the esophagus and
be more circular in shape, suggesting the defects may be
related to progression of disease rather than failure of the
previous repair (38). Therefore, the authors have favored
a transition from a U-shaped configuration to a keyhole or
“reverse C” arrangement as to circumferentially buttress
the tensile strength of the hiatus. This configuration has
been supported by previously reported series utilizing
a keyhole approach with low recurrence rates when
compared to primary repair (39,40). Currently, however,
insufficient long-term evidence exists to recommend one
mesh configuration over another. Regardless of favored
technique, it is recommended the configuration of the mesh
allow for reinforcement of the anterior hiatus and to the
left of the esophagus, as this is where most recurrences have
been observed.

Need and type of fundoplication

Regardless of hiatal hernia type, a fundoplication should be
routinely performed with few exceptions. Fundoplication
increases the resting pressure of the lower esophageal
sphincter, addresses pre-operative gastroesophageal reflux
in the case of sliding hiatal hernias, prevents reflux post-
operatively due to extensive hiatal dissection, and serves
as a gastropexy to ensure the stomach lies below the
diaphragm (41). The vast majority of patients should
undergo characterization of their esophageal motility
prior to anti-reflux surgery by way of high-resolution
manometry. In the absence of pre-operative symptoms
or confirmatory testing, the authors routinely perform
a complete 360-degree fundoplication (laparoscopic
Nissen fundoplication). In cases of pre-operative
dysphagia, or confirmed ineffective esophageal motility,
a partial posterior 240-degree fundoplication (Toupet
fundoplication) is utilized (41).

In the 1960s and 1970s, Nissen fundoplications were
often done over small dilators with fundoplications
up to 6 centimeters (23). Patients often complained of
dysphagia and bloating, and as a consequence, the Nissen
fundoplication became known colloquially to turn “belchers
into bloaters”. In attempts to mitigate these side effects,
various innovative surgical techniques were developed,
giving rise to the Toupet, Dor, Gaurner, and Watson
partial fundoplications (23). However, these approaches
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have been recognized to result in higher rates of recurrent
symptoms, likely secondary to eventual disruption of
the fundoplication (42). The introduction of the “short,
floppy” Nissen, especially in the era of laparoscopy,
allowed for more widespread adoption and rapidly became
the workhorse in anti-reflux surgery. Since Dellamagne
and colleagues’ first description of laparoscopic Nissen
fundoplication, the technique has become the predominant
approach in those with appropriate esophageal motility (43).

Magnetic sphincter augmentation

While Nissen fundoplication has become standardized, it
remains a nuanced operation with poor symptom relief and
outcomes if performed inadequately. Even in the perfectly
performed operation, several studies suggest long term
symptom recurrence and the need for resumption of proton
pump inhibitor therapy following anti-reflux surgery (44).
Magnetic sphincter augmentation, particularly with the
Linx® device, has sought to standardize anti-reflux surgery
and provide durable results. Despite the lack of randomized
trial data, magnetic sphincter augmentation continues to
grow in popularity.

Early reports suggest effectiveness in reducing pathologic
reflux with low risk of side effects. Symptomatic dysphagia,
despite occurring in 6% to 83% of patients, only requires
esophageal dilation in 8% (45). Device erosion also appears
a rare occurrence, reported in only 0.03% in patients (45).
Device durability appears significant with magnetism lasting
in the hundreds of years.

The role of magnetic sphincter augmentation in
paraesophageal hernia repair should likely be limited
based on individual patient considerations. Those with
symptomatic GERD with appropriate esophageal motility
undergoing paraesophageal hernia repair should be
considered for sphincter augmentation in an effort to
improve pathologic reflux. Though there are limited data in
this patient cohort, the benefit extrapolated from numerous
studies demonstrating its effectiveness in reducing GERD
symptoms cannot be understated.

Gastropexy

The placement of a gastrostomy tube may be used to
provide enteral feeding access, post-operative venting in
cases of delayed gastric emptying, as well as provide fixation
of the anterior stomach to the abdominal wall (3). Hernia
reduction with gastropexy alone without concomitant hiatal
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hernia repair may be an alternative approach in patients
deemed high-risk but is associated with higher recurrence
rates and thus, formal repair is preferred (46). While
morbidity and mortality were low in a limited series by
Rosenberg and colleagues, radiologic recurrence rate was
14% at 3 months (47). Results are inferior to formal repair
techniques described herein. In general, gastropexy should
be reserved for extreme cases and approached as a fallback
option rather than an upfront durable repair. The authors
recommend gastropexy in the emergent or urgent setting
to assist in the reduction of a stomach that has volvulized,
and do not recommend gastropexy in the elective setting
when the stomach can be delivered to the abdomen without
tension.

Summary

Paraesophageal hernia repair remains a staple in the
armamentarium of the foregut surgeon. Current literature
suggests paraesophageal hernia repair should be approached
in a patient-centered, precision medicine manner. In
general, hernia reduction, sac excision, and primary suture
approximation of the hiatal crura are mandatory. Use of
mesh should be based on individual risk factors; if mesh is
used, biological meshes appear to have a more favorable
safety profile, with the “reverse C” or keyhole configuration
allowing for increase in crural tensile strength at it most
vulnerable areas. Use and choice of fundoplication or
magnetic sphincter augmentation should be based on
individual considerations. As technology and surgical
technique advance, the long-term radiographic durability
and symptom relief will likely markedly improve.
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