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Abstract: Hiatal hernias occur when there is a widening of the diaphragmatic hiatus between the left
and right crura that leads to an upward displacement of abdominal contents into the mediastinum. The
presence of a hiatal hernia can be asymptomatic or be associated with severe symptoms such as heartburn,
regurgitation, dysphagia, abdominal pain, and even atypical symptoms like cough and hoarseness. Unlike
abdominal wall hernias such as inguinal or ventral, hiatal hernias are more dynamic due to the continuous
diaphragmatic motion that creates friction at the esophageal and stomach interface and due to the pressure
difference between chest and abdomen. As a result, the recurrence rates following surgical repair of hiatal
hernias compared to other abdominal wall hernias is significantly higher and continues to rise over time. To
improve outcomes, several modifications of the closure technique utilize adjuncts such as synthetic mesh,
absorbable mesh, and pledgets and are incorporated into these repairs. This review provides an evidence-

based assessment of the key advantages and disadvantages of each adjunct in the treatment of hiatal hernias.
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Introduction any antireflux operation and increasingly to bariatric
i surgery procedures as well. In the early laparoscopic era,
The Montreal Consensus report defines gastroesophageal .

] o } unacceptably high recurrence rates were encountered (2). At
reflux disease (GERD) as “a condition in which reflux of . . .

N ol 1 the same time awareness of high recurrence rates of hiatal
stomach contents cause troublesome symptoms and/or repairs were gaining notice, synthetic mesh in the use of

M . » <
complications” (1). There are several factors that contribute abdominal wall hernias was gaining widespread acceptance

to GERD including a defective lower esophageal sphincter,
impaired gastric emptying, failed esophageal peristalsis,
or the presence of a hiatal hernia. A hiatal hernia occurs
when portions of the stomach and/or other abdominal
contents herniate cephalad into the mediastinum through
a defect in the esophageal hiatus. When these hernias
are present, reduction of the hiatal hernia and repair of
the diaphragmatic crus are paramount to the success of
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due to its effectiveness and safety. These findings paved the
groundwork for some practitioners to advocate for use of
mesh at the hiatus.

The idea of using mesh in a hiatal hernia repair is
similar to the principles of a groin hernia repair, in that
it is used to minimize the tension of the repair with
prosthetic reinforcement. Early reports using mesh at
the hiatus were associated with disastrous complications
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with some requiring esophagogastric resections (3). These
complications were thought to be caused by problems with
the use of synthetic mesh materials. Synthetic mesh was
prone to erosion or infection that could lead to life-limiting
dysphagia, chronic abdominal pain, and recurrent GERD
(4,5). As a result, bioprosthetic mesh was advocated by
many as an alternative prosthetic to create a tension-free
crural repair.

With modern advancements in minimally invasive
surgery (i.e., improved visualization, better instrumentation,
and more experience), laparoscopy has become the standard
of care in hiatal hernia repair (6-8). The tenets of repair
shared by most high-volume centers include complete
mediastinal sac reduction, mobilization of 2-3 c¢m of intra-
abdominal esophagus and tension-free hiatal closure (9). All
of these are associated with improved outcomes. The goal
of this chapter is to review the advantages and disadvantages
of using mesh and other adjuncts such a pledgets when
closing the hiatus.

Suture cruroplasty
Technique

There is no consensus regarding the optimal technique to
close the diaphragmatic hiatus during a hiatal hernia repair.
Most commonly, the crural defect at the esophageal hiatus
is closed using intracorporeally placed interrupted sutures.
The configuration of these sutures varies, as horizontal
mattress, figure-of-eight and single interrupted sutures have
all been described. Although the suture configuration varies,
there are several key steps of a laparoscopic hiatal hernia
repair that are required to achieve a successful outcome.
This includes complete dissection and excision of the hernia
sac, mobilization of the esophagus to achieve at least 3 cm
of intra-abdominal length, preservation of the peritoneal
covering of the crura and closure of the diaphragmatic
hiatus using non-absorbable suture. Like abdominal wall
hernias, the repair must be as tension free as possible.
Sutures are typically placed at lcm intervals. If the hiatus is
still not approximated after 2-3 posterior sutures, additional
sutures are placed anterior to the esophagus. This is done to
avoid sigmoid distortion of the distal esophageal body (10).
Although interrupted sutures are typically used, a running
suture technique has also been described using barbed
suture (V-Loc, Covidien, Norwalk, CT, USA), with
proponents suggesting that this method increases tissue
apposition (11).
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Recurrence rates

Early laparoscopic repair with primary closure resulted
in good clinical outcomes and success rates approaching
90% (12,13). In order to more accurately assess recurrence,
subsequent studies utilized radiographic studies including
solid and liquid phase esophagram. In 2004, Andujar ez al.
reported a 25% radiographic recurrence rate at 15-months
in a study of 166 patients (14). In a series of 100 consecutive
patients, Gibson ez 4l. reported early recurrence rate of 9%,
with only 2% being symptomatic (15). At 24-month follow
up, the same group reported a 25% recurrence rate, with 3%
of patients requiring reoperation for dysphagia. This study
also showed persistent improvement in overall quality of,
even in the subgroup with recurrence (16). To assess long-
term outcomes, Nason et a/. reviewed 187 patients from
1997 to 2003, with a median follow-up of 77 months. This
study reported a 15% radiographic recurrence rate, a high
degree of satisfaction and preservation of GERD-related
quality of life (GERD-HRQL) at a median follow up of
over 6 years (17). These studies suggest that even if a small
radiological recurrence is present, only a small percentage
of these patients actually develop recurrent symptoms.
The significance of asymptomatic recurrences remains
unknown; however, there is concern that these patients may
progressively develop symptoms over time.

Pledgeted cruroplasty
Technique

During the hiatal dissection, care should be taken to
preserve the peritoneal covering over the edges of the
diaphragm. This covering provides support for the sutures
used to close the hiatus (12). If these peritoneal coverings
are violated, the sutures can tear through the crura leading
to early recurrence. To better prevent this, some surgeons
prefer a pledgeted horizontal mattress suture technique.
Pledgets are used to buttress the hiatal closure and aid in
preventing the sutures from cutting through the crural
tissue. This is particularly helpful when the diaphragm is
thin or has been damaged during the mediastinal dissection.
Standardized polytetrafluoroethylene (PTFE) pledgets
measuring 15 mm x 10 mm x 1.6 mm are often used, with
two pledgets per stitch (Figure I).

Recurrence rates with pledgets

In 2014, Kang et al. described their experience with primary
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Figure 1 Pledgeted crural repair without mesh using horizontal

mattress sutures. Arrow shows pledget.

crural closure with pledgets in 89 patients. At a mean 161-
day follow up, the radiographic recurrence rate was 6.7%
and 5 patients with recurrence were symptomatic. When
assessing GERD-HRQL, 82% of respondents were satisfied
or very satisfied (18). A recent study by Weitzendorfer et al.
describes the results of pledgeted sutures for hiatal closure
in 41 patients who were evaluated for radiologic recurrence
with barium swallow at 3 months and 1 year. Postoperative
recurrence was diagnosed in 6.8% of patients at 3 months
and in 10.8% of patients at 1 year, with only 1 patient
symptomatic at 1 year after surgery (19). These studies
suggest that the use of pledgets to reinforce hiatal sutures is
safe and is may be associated with a lower early recurrence
rate though we lack prospective comparative data to truly
define the advantage.

Mesh cruroplasty
Mesb type

In the beginning, synthetic mesh was employed for hiatal
reinforcement. This idea was a direct extension in our use
of these meshes with good success with inguinal and ventral
hernia repairs. PFTE was the first mesh documented in the
literature in 2002 (20). The use of polypropylene was later
described (21). When compared to inguinal and ventral
hernia defects, hiatal defects are more dynamic due to
continuous diaphragmatic motion that creates friction at
the esophageal and stomach interface. This friction when
combined with synthetic mesh resulted in mesh erosion into
the esophagus and migration into the stomach (22). In 2009,
a study of 28 patients brought light to such complications,
with intraluminal mesh erosion in 17 patients, esophageal
stenosis in 6 patients, and resultant esophagectomy in 6
patients (23). Due to these safety concerns with synthetic
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mesh, attention was turned to absorbable mesh to use as
reinforcement of the hiatal closure.

The ideal material for mesh cruroplasty should provide
enough strength to reinforce the hiatus and reduce the risk
of recurrent herniation. At this same time, however, it must
also avoid visceral erosions and postoperative dysphagia (24).
The goal of absorbable mesh is to provide scaffolding for
ingrowth of tissue for persistent reinforcement (22). Many
types of absorbable mesh have been reported and are
available for use. Biologic mesh options include porcine
submucosa (Surgisis, Cook Medical, Bloomington, Indiana),
bovine pericardium (Varitas, Baxter International, Deerfield,
Illinois), human acellular dermis (AlloDerm, LifeCell
Corporation, Branchburg, New Jersey), and porcine dermal
collagen (Permacol, Medtronic, Dublin, Ireland). More
recently, synthetic bio-absorbable meshes have gained
acceptance including Bio-A (Gore Medical, Flagstaft,
Arizona) and Phasix ST (Bard Medical, Warwick, Rhode
Island). Due to their risk of mesh-related complications, the
use of nonabsorbable mesh is largely discouraged.

Mesh configuration

Multiple configurations of various mesh types and sizes have
been described and are too numerous to list individually. In
general, the mesh is placed either as a bridge to cover a gap
in the crural defect or as an overlay to reinforce the primary
closure. Some surgeons utilize relaxing incisions in the
diaphragm to allow for primary crus closure and then use
the mesh to bridge the created defect (25). Circumferential
mesh placement was related with several complications
including erosion and stricture and is generally avoided.
Common mesh shapes include keyhole, U-shaped, and
butterfly-shaped (Figure 2). Securing the mesh to the hiatus
can be done in several ways including suture, absorbable
tacks, and bio-glues. A recent metanalysis of nine studies
showed no differences in outcomes between configuration
and types of mesh (24). A completed mesh cruroplasty is
shown in Figure 3.

Recurrence rates

Several early studies reported reduced recurrence rates
with mesh cruroplasty (3,20,26). A systemic review by Tam
et al. sought to summarize the literature regarding the use
of mesh for crural reinforcement. This review included 13
studies, consisting of 3 randomized controlled trials and
10 observational studies (4 prospective, 4 retrospective and
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Figure 2 Common shapes used during mesh cruroplasty. (A)
Keyhole, (B) U-shaped, and (C) butterfly-shape.

Annals of Laparoscopic and Endoscopic Surgery, 2020

Figure 3 Hiatal hernia repair using mesh.

Table 1 Randomized control trials comparing the use of mesh cruroplasty (both absorbable and nonabsorbable) to suture cruroplasty

Study Patients (n) Randomization/mesh Findings
Fantzides et al. [2002] 72 36 PTFE No recurrence in mesh

36 suture 22% recurrence in no-mesh
Granderath et al. [2005] 100 50 prolene 8% recurrence in mesh

50 suture 26% recurrence in no-mesh
Oelschlager et al. [2011] 108 51 bio mesh (SIS) 54% recurrence in mesh (5 yr)

57 suture 59% recurrence in no-mesh (5 yr)
Watson et al. [2015] 126 41 absorbable 30.8% recurrence in absorbable mesh

42 Non-absorbable

43 suture

12.8% in non-absorbable mesh

23.1% no mesh

2 with design not specific). Unfortunately, the review was
limited due to differences in surgical technique, mesh type,
duration of follow up, and definition of recurrence. All but
one study used contrast esophagram to assess the presence
of a hiatal hernia recurrence following laparoscopic repair.
The overall recurrence rate after mesh cruroplasty was
13% (46/354) and the rate of reoperation was 3.7%. In
comparison, the recurrence rate after suture cruroplasty was
24% (91/382) and the reoperation rate was 6%. An analysis
was performed to determine the odds for both recurrence
and reoperation using both techniques. The odds of hernia
recurrence was 49% less and the odds of reoperation was
58% less with mesh cruroplasty compared with suture
cruroplasty. Despite evidence of radiographic recurrence,
the majority of these studies reported excellent symptomatic
results after both mesh and suture repairs (27).

Four randomized control trials have been conducted
comparing the use of mesh cruroplasty (both absorbable
and nonabsorbable) to suture cruroplasty. The results of
these studies are shown in 7able 1. To date only one of these
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studies provided long term follow-up at 5 years (28). In this
study, recurrence was defined as a herniation of the stomach
into the mediastinum of 2 ¢cm of more on contrast study. At
5 years, the rate of recurrence was found to be alarmingly
high, with 59% recurrence in the suture repair group and
54% in the mesh group. These findings suggest that the
durability of repair with bioprosthetic mesh and suture
cruroplasty decays over time and that objective recurrence
may not be as important as a quality metric as has previously
been assumed.

The most recent meta-analysis looking into mesh versus
no mesh for cruroplasty was performed in 2019 (24). This
meta-analysis included nine studies and showed a significant
reduction in recurrence with mesh cruroplasty compared
to suture cruroplasty. In this meta-analysis, the overall
recurrence rate of primary suture closure was 19 of 327
(5.8%); with mesh reinforcement, the rate was 6 of 338
(1.8%). The rate of reoperation in the same cohort did
not differ between suture cruroplasty and mesh closure,
although most of the studies lacked long-term follow up.
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Conclusions

Hiatal hernia recurrence rates appear to be lower in patients
repaired with mesh at least in the short term. Only one
study has produced long-term data (5 years) on the use of
absorbable mesh with high and equal recurrence rates in
both the mesh and non-mesh groups. There appears to be
significant improvement in quality-of-life following hiatal
hernia repair regardless of whether mesh was used or not.
The paucity of long-term outcomes regarding hiatal hernia
repair with and without the use of mesh has made it difficult
to determine how best to treat these patients. In addition,
the constant introduction of new technology, new mesh
products, and new operative strategies has made developing

a standard of care in this field a moving target that has been
difficult to establish.
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