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The widespread use of meshes for hiatal hernia repair has emerged in the era of
laparoscopic surgery, although sporadic cases of mesh augmentation of traumatic
diaphragmatic rupture have been reported. The indications for biologic meshes in
diaphragmatic repair are ill defined. This systematic review aims to investigate the available
evidence on the role of biologic meshes in diaphragmatic rupture and hiatal hernia
repair. Limited data from sporadic case reports and case series have demonstrated that
repair of traumatic diaphragmatic rupture with biologic mesh is safe technique in both
the acute or chronic setting. High level evidence demonstrates short-term benefits of
biologic mesh augmentation in hiatal hernia repair over primary repair, although adequate
long-term data are not currently available. Long-term follow-up data suggest no benefit
of hiatal hernia repair using porcine small intestine submucosa over suture repair. The
effectiveness of different biologic mesh materials on hernia recurrence requires further
investigation.
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INTRODUCTION
Blunt or penetrating trauma of the abdomen and thorax may cause injury to the diaphragm
(1). In the case of traumatic diaphragmatic rupture, abdominal organs such as the stomach,
spleen, colon, or the liver may herniate into the thoracic cavity causing a wide range of symptoms, which may occur several years after the injury (2–5). Chest X-ray is often diagnostic,
whereas computed tomography and magnetic resonance imaging provide detailed information
about the herniated structures and the size of the defect (6, 7). There is no consensus on the
absolute indications for surgery or the timing of surgical intervention. A traumatic rupture of the
diaphragm is generally considered an indication for surgical repair, especially in the presence of
symptoms.
Relevant literature evidence is limited, mainly due to the rarity of the condition. Primary suture
repair or covering the defect with a synthetic mesh has been the standard of care during the past
decades (8). Biologic meshes have been thought to be effective in closing the diaphragmatic defect,
induce limited inflammatory response, and minimize adhesion formation.
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In the presence of insufficient evidence, there is ongoing debate
on the need of augmentation of the diaphragmatic hiatus during hernia repair (9). A number of randomized controlled trials
(RCTs) and a meta-analysis have demonstrated lower recurrence
rates after mesh repair; however, long-term data are not currently available (10). Several studies have reported complications,
which has created skepticism with regard to the benefits of augmented hiatal hernia repair (11–13).Several biologic materials
have been manufactured and are currently in use in surgical practice. Experimental data have shown biologic meshes to possess
characteristics of an ideal mesh material, such as reduced adhesion
formation, improved biocompatibility, decreased inflammatory
response, and optimal neovascularization (14). Our objective was
to review the evidence investigating the role of biologic meshes in
traumatic repair of the diaphragm and in hiatal hernia repair.

Hiatal Hernia Repair with Mesh
Augmentation
Similarly, Medline was searched to identify relevant clinical evidence using the PubMed interface up to November 2014. The
keywords (hiat*) AND (hernia) AND (mesh OR implant) were
used. Of a total of 309 records, 28 articles were selected for full text
review based on relevant information from titles and abstracts.
Twenty-two articles provided relevant outcome data on meshreinforced hiatal hernia repair with biologic meshes (18–39). The
study characteristics and outcomes are listed in Table 2.

RESULTS
Repair of Traumatic Diaphragmatic Defects
Two case reports and one case series reported on the use of
biologic meshes in traumatic diaphragmatic rupture. Four chronic
traumatic defects and two acute ruptures were repaired laparoscopically, or with a laparotomy or a combined (thoracotomy and
laparotomy) approach using human acellular cadaveric dermis
(HACD) or porcine small intestine submucosa (SIS). Two of the
repairs were performed in contaminated surgical fields, one due to
inflammation of the herniated gallbladder and one due to pleural
empyema. No septic complications requiring prolonged hospital
stay or reintervention were reported. Chest X-ray in five of these
cases did not reveal recurrence within a 6- to 24-month follow-up
period.

MATERIALS AND METHODS
Repair of Traumatic Diaphragmatic Defects
Electronic searches of the Medline database were conducted using
the PubMed search engine. The following combination of terms
and keywords was applied: (trauma OR traumatic OR posttraumatic OR rupture*) AND (diaphragm* OR phren*) AND (mesh
OR implant). The search returned 141 reports. The last search
was run in November 2014. Titles and abstracts were interrogated and clinical reports on the use of biologic material for
closure of traumatic diaphragmatic defects were selected. The
full texts of 17 articles were assessed for eligibility; three relevant
reports were identified (15–17). The remaining 15 articles were
excluded because they reported on the use of synthetic materials
in diaphragmatic rupture repair or did not provide relevant outcomes. A summary of the study characteristics and outcomes is
presented in Table 1.

Hiatal Hernia Repair with Mesh
Augmentation
A plethora studies reporting use of biologic mesh augmentation
of the esophageal hiatus have been published since 2003. Most of
these are retrospective industry-sponsored cohort studies. Both

TABLE 1 | Characteristics and outcomes of studies reporting on repair of traumatic diaphragmatic rupture with the use of biologic mesh.
Conflict of
interest

LoEa

References Study
design

Patient
characteristics

Mesh
material

Intervention
details

Follow up

Outcome

Teicher
et al. (15)

Case
report

25 years old
Acute case
Grade IV left-sided
diaphragm rupture

HADM

Open tension-free repair
with a 4 cm × 4 cm mesh
Anchorage with a 3–0
polydioxanone running
suture

6 months
Chest X-ray

No recurrence

NR

5

Pulido
et al. (16)

Case
report

70 years old
Chronic case
Accident 41 years
before – no surgery
Inflamed gallbladder and
small bowel herniated

HADM

Laparoscopic
cholecystectomy
Anchorage with
interrupted #0
polyethylene sutures

NR

Empyema, bile leak,
and biliary effusion of
the right pleura
ERCP and VAT
pleurodesis

NR

5

Al-Nouri
et al. (17)

Case
series

n=4
2 right-sided, 2 left-sided
diaphragm ruptures
3 chronic cases, 1 acute
case
1 case of concurrent
pleural empyema

HADM/
SIS

Thoracotomy or
thoracotomy/laparotomy
repair
Suture approximation and
mesh reinforcement
Pleurodesis in the case of
pleural empyema

1–2 years
Chest X-ray

No recurrence

NR

4

HADM, human acellular dermal matrix; SIS, small intestine submucosa; ERCP, endoscopic retrograde cholangiopancreatography; VAT, video-assisted thoracoscopy; LoE, level of
evidence.
a
Based on the Oxford Centre for Evidence-based Medicine – Levels of Evidence (March 2009).
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TABLE 2 | Characteristics and outcomes of studies reporting on hiatal hernia repair with the use of biologic mesh.
References Study
design

Patient
characteristics

LoEa

Mesh
Intervention
material
details

Follow up

Outcome

Conflict of
interest

Oelschlager Retrospective n = 9
et al. (18)
case series
Type III hernia, n = 8
Type II hernia, n = 1
Median age 63 years
(range 47–80)

SIS

Keyhole or U-shaped SIS
7 cm × 10 cm mesh anchored
with interrupted silk sutures
Nissen fundoplication and
gastropexy

3–16 months
UGIS ± UGIE

1 recurrence
1 need for dilatation
for mild persistent
dysphagia

Yes

4

Strange
(19)

Retrospective n = 12
case series
Patients with “large
hiatal defects”
Median age: 66 years

SIS

Suture repair
Keyhole mesh, circular portion
2.5–3 cm anchored with #2–0
non-absorbable sutures fixed
to the esophagus

Median
11 months
UGIS

No recurrence

NR

4

Johnson
et al. (20)

Case
report

Type III, 82 years old
Type IV, 62 years old
Second recurrence,
53 years old

HACD

Suture repair with interrupted
non-absorbable sutures
Onlay mesh placement
Nissen fundoplication

UGIS in the early
postoperative
period
Symptom
outcome at
8–10 months

No early recurrence
Lack of symptoms at
follow up

NR

5

Oelschlager Assessoret al.
blinded
RCT
(21–23)

n = 108
Symptomatic
paraesophageal
hernia size >5 cm

SIS

Suture repair with interrupted
#2–0 or #0, n = 57
U-shaped 7 cm × 10 cm mesh
anchored with interrupted
sutures, additionally to the
suture repair, n = 51
Nissen fundoplication

Short term:
6 months
Long-term:
median
58 months
(range, 40–78)
UGIS

Short-term
recurrence(10%
attrition): 24 vs. 9%
(sutured vs. mesh)
Long-term
recurrence (44%
attrition): 59 vs. 54%
(sutured vs. mesh)

Yes

1b
2b

Ringley
et al. (24)

Prospective
case–control

n = 44
Size of hiatal defect
≥5 cm
BMI significantly
higher in the HACD
group

HACD

Suture repair with #0 silk
sutures, n = 22
U-shaped 4 cm × 8 cm mesh
anchored with #2–0 silk sutures
Nissen fundoplication

12 months
UGIS

9 vs. 0% recurrence
in favor of HACD
100% (suture repair)
vs. 68% (mesh repair)
of patients subjected
to UGIS
Duration of follow up
9.5 months (suture
repair) vs. 6.7 months
(mesh repair)

Yes

4

Wisbach
et al. (25)

Retrospective n = 11
case series
Median age 41 years
(range 26–60)
Hiatal defect >5 cm
Recurrent, n = 7

HADM

Suture repair with interrupted
#0 polyethylene
Y-shape mesh sutured with
#2–0 polyethylene sutures and
tacks
Additionally square piece of
mesh sutured onto the
Y-shaped piece
Nissen fundoplication

Median 1 year
(range
8–19 months)
UGIS

Follow up, n = 8
One recurrence

None

4

Jacobs
et al. (26)

Retrospective n = 127
case series

SIS

Suture repair with interrupted
#0 non-absorbable sutures
Tension-free repair mesh repair,
anchored with interrupted #2–0
non-absorbable sutures
Nissen fundoplication, n = 102
Toupet fundoplication, n = 19
No fundoplication, n = 6

Median
3.2 years
UGIS and/or
UGIE

Three recurrences
(65% attrition)

NR

4

Lee et al.
(27)

Retrospective n = 17
case series
Mean age
65 ± 12 years
Mean BMI
31 ± 4 kg/m2
Large hiatal hernias
(4–7 cm)
Revisional repairs,
n=4

HACD

Suture repair with interrupted
#0 polyethylene sutures
U-shaped 4 cm × 7 cm mesh
anchored with staples and #0
polyethylene sutures
Nissen fundoplication
Collis gastroplasty, n = 1
Wedge fundectomy, n = 3

Mean
Two recurrences
14.4 ± 4.4 months
(range 5–22)
UGIS

Yes

4

(Continued)
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TABLE 2 | Continued
References Study
design

Patient
characteristics

Mesh
Intervention
material
details

Follow up

Outcome

Conflict of
interest
NR

LoEa

St Peter
et al. (28)

Retrospective n = 21
case–control Pediatric patients
with hernia
recurrence

SIS

Sutured repair with # 2–0 silk
sutures and esophagopexy
with 4 #3–0 silk sutures, n = 13
Pantaloon shaped mesh
anchored to the diaphragm and
the esophagus with #3–0 silk
sutures, n = 18
With or without fundoplication

Unclear

Recurrence 4/13 vs.
0/18

Fumagalli
et al. (29)

Prospective
case series

SIS

Suture repair with interrupted
#2–0 silk sutures
U-shaped mesh anchored with
staples
Nissen fundoplication

12 months
UGIS

Three recurrences

Lee et al.
(30)

Retrospective n = 52
case series
Mean age 56.7 years
(range 34–74)
Mean size of hernia
7.75 cm (range 5–10)

HACD

Suture repair
U-shaped mesh 4 cm × 7cm
anchored with 4–6 #2–0 silk
sutures
Nissen fundoplication

Median
16 months
(range 12–24)
UGIS

Two recurrences

Yes

4

Varela
and
Jacks
(31)

Retrospective n = 5
case series
Mean age
65 ± 7 Years
Large type III hernia,
mean size 5 cm ± 1

HACD

Suture repair with 5 interrupted
non-absorbable sutures
Circular 4 cm × 8 cm mesh
anchored with four
non-absorbable sutures to the
crura
Nissen fundoplication

NR

No short-term
mesh-related
complications

NR

4

Diaz and
Roth (32)

Retrospective n = 46
case series
Mean age
60.3 ± 13.9
Mean BMI 30.3 ± 5.3
Hernia size ≥5 cm
on UGIS or UGIE

HACD

Suture repair with interrupted
non-absorbable sutures
U-shaped 5 cm × 8 cm mesh
Tension-free, n = 3
Collis gastroplasty, n = 2
Nissen fundoplication
Selectively gastrostomy

Mean
3.6 months
UGIS

Two recurrences
(44% attrition)
One gastric
perforation 30 days
post surgery
Dysphagia for solids
13%

NR

4

Goers
et al. (33)

Retrospective n = 89
case–control Mesh repair:
type II-IV hernias with
thin crura
Suture repair: type III
hernias

Biologic
NS

Suture repair with pledgeted
polyester #0 matress sutures,
n = 33
Pledgeted polyester #0
matress sutures incorporating
the mesh, n = 56

NR

Residual resting
LESP and mean
amplitude higher for
mesh repair
Similar incidence of
dysphagia

NR

4

Alicuben
et al. (34)

Retrospective n = 82
case series
Median age 63 years
Type I hernia, n = 35
Type II–IV hernia,
n = 47
Revisional repair,
n=6

HACD

Suture repair with pledgeted #0
polyethylene sutures ± relaxing
incision (n = 10), ±Collis
gastroplasty (n = 23)
U-shaped mesh anchored with
#2–0 silk sutures, tacks or fibrin
sealant

5–12 months
UGIS or UGIE

Three recurrences
(16% attrition)

Yes

4

Molena
et al. (35)

Case
series

Biologic
NS

VATS dissection
Suture repair with interrupted
non-absorbable sutures
U-shaped biological mesh
anchored with fibrin glue and
interrupted sutures
Nissen or Toupet and
gastropexy
Sleeve gastrectomy, n = 1
Planned laparotomy, n = 2

NR

NR

None

4

Schmidt
et al. (36)

Retrospective n = 70
case–control Hernia size 1–5 cm in
UGIS or UGIE

HACD

Suture repair with #0 silk
sutures, n = 32
U-shaped mesh anchored with
4–6 #2–0 silk sutures, n = 38

12 months
UGIS or UGIE

16 vs. 0% recurrence
in favor of HACD
0% dysphagia in the
mesh group

NR

4

n=6
Median age 65 years
Primary or recurrent
hernia type II-IV and
weak crura

n = 18
Mean age 68.2
(range 47–76)
Mean BMI 29.2
(range 19–44)
Type III, n = 7
Type IV, n = 11
Revision surgery,
n=6

4

4

(Continued)
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TABLE 2 | Continued
References Study
design

Patient
characteristics

Mesh
Intervention
material
details

Follow up

Outcome

Conflict of
interest

LoEa

Sharp
et al. (37)

Retrospective n = 52
case–control Pediatric patients
with hernia
recurrence

SIS or
HACD

Suture repair, n = 26
Mesh repair, n = 25

NA

23.1% (suture) vs.
56% (mesh) of
patients presented
fever, p = 0.02
Mean max
temperature
37.8 ± 0.7 (suture)
vs. 38.6 ± 0.9
(mesh), p = 0.002

None

4

Ward
et al. (38)

Prospective
case series

n = 54
Sliding, n = 14
Paraesophageal,
n = 40
Recurrent, n = 3

HACD

Suture repair with #0
polyethylene sutures
U-shaped 4 cm × 7 cm mesh
anchored with 8–10 #2–0
polyethylene sutures

Min. 6 months
UGIS

7.4% recurrence
13% attrition

Yes

4

Watson
et al. (39)

Double
blind RCT

n = 126
Herniation of ≥50%
of the stomach

SIS

Suture repair, n = 43
Ti-mesh, n = 42
SIS, n = 41
Granderath buttress technique
2–3 cm × 4–5 cm mesh
posterior repair anchored with
sutures or tacks

6 months
UGIE ± UGIS
12-month
symptom
outcome

Similar dysphagia
rates
7.9% (suture) vs.
5.9% (SIS) vs. 0%
(Ti-mesh) recurrence
(non-significant)

No

2b

UGIS, barium contrast upper gastrointestinal series; UGIE, upper gastrointestinal endoscopy; LoE, level of evidence; RCT, randomized controlled trial; SIS, small intestine submucosa,
HACD, human acellular cadaveric dermis; LESP, lower esophageal sphincter pressure; BMI, body mass index; VATS, video-assisted thoracoscopic surgery.
a
Based on the Oxford Centre for Evidence-based Medicine – Levels of Evidence (March 2009).

HACD and SIS meshes have been used, most commonly in a
U-shape or a pantaloon fashion, placed in a retroesophageal
position with the limbs of the mesh encircling the esophagus.
The graft is anchored to the diaphragm and, in some cases,
to the esophagus with non-absorbable sutures, tacks, or fibrin
sealant, most commonly following suture repair of the crura or
in a tension-free bridging fashion. A Collis gastroplasty has also
been reported as a lengthening procedure in cases of a short
esophagus (27, 32). Although no adverse effects associated with
allografts or xenografts have been reported, in a chart review
of 51 pediatric patients, Sharp and colleagues found that fever
occurred more frequently after mesh repair and this group of
subjects presented with a higher mean temperature during their
hospital stay (37).
The best available evidence is provided by two well-designed
RCTs (21–23, 39). In an industry-sponsored trial, Oelschlager and
colleagues assigned 108 patients with paraesophageal hernia to
receive either U-shaped SIS or suture repair. The authors found
a significant reduction in the incidence of hernia recurrence (24
vs. 9%) at 6 months (21); however, long-term follow-up data
(median 58 months, range 40–78) demonstrated no such benefit
(22). Although this outcome may be biased by significant attrition
(exceeding 20%), the reported recurrence rate for the mesh group
remains unacceptably high.
In a recent double blind RCT that was sponsored by a national
authority, suture mesh repair was compared with SIS or collagencoated titanium mesh augmentation of the hiatus(39); similar
recurrence rates at 6 months (7.9 vs. 5.9%, respectively) were
found in the suture and biologic mesh repair groups, whereas no
recurrence occurred in the synthetic mesh group. This finding,
however, should be cautiously interpreted in the presence of wide

Frontiers in Surgery | www.frontiersin.org

confidence interval (95% confidence interval, 0.24–9.78). Longterm follow-up data of this trial are pending.
Most authors have focused their interest on potential beneficial
effects of biologic grafts in paraesophageal hernia. In a cohort
study, Schmidt and colleagues compared suture repair and mesh
augmentation with HACD in small hernias (1–5 cm as assessed
by barium upper gastrointestinal series or esophagogastroscopy)
(36). A benefit of mesh repair was demonstrated, as indicated by
a reduced recurrence rate (16 vs. 0%) at 1 year and improvement
of symptoms of dysphagia.

DISCUSSION
Limited evidence exists investigating the role of biologic meshes
in traumatic diaphragmatic repair. Low quality evidence (Level 4)
suggests that this approach is feasible, at least in chronic cases.
Biologic meshes have also been used in contaminated surgical
fields with favorable results (Level 5). Because of the difficulties
randomizing patients in the acute setting and the rarity of this condition, clinicians should be encouraged to publish their experience
with biologic meshes in traumatic diaphragmatic rupture.
Level 1b data currently support lower recurrence rates for
biologic mesh repair in the setting of paraesophageal hernia in
the short term with conflicting evidence, whereas level 2b data
support that this outcome benefit is lost in the long term. In a
recent systematic review and meta-analysis of randomized and
observational studies conducted by our research group, we found
a beneficial short-term effect of mesh augmentation of the hiatus
using biologic mesh (odds ratio 3.74, 95% confidence interval
0.92–8.98, p = 0.003) (40). However, no long-term outcome data
were available for meta-analysis. Low quality data (level 4) suggest

5
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that patients with hiatal hernia measuring between 1 and 5 cm
may benefit from biologic mesh augmentation. Nevertheless, costbenefit assessment is lacking and the available evidence favoring
biologic over synthetic meshes is insufficient.
The impact of type of biologic graft on hernia recurrence
remains to be investigated. Further experimental and clinical
research is required to assess new biologic implants in hiatal
hernia repair. Although current data have shown SIS implants to
be associated with high recurrence rates, other biologic materials
have not been adequately investigated. Considering the rarity of
cases with traumatic diaphragmatic defects, the effectiveness of
biologic implants in such situations may be extrapolated from evidence derived from hiatal hernia repair. Future RCTs are required

to investigate the role of biologic meshes in both paraesophageal
and small hiatal hernias and evaluate their comparative efficacy to
synthetic meshes.
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step toward achieving that goal is to compile systematic reviews
of the different indications on the basis of the existing literature.
The available literature sources will be evaluated in accordance
with the Oxford Centre for Evidence-based Medicine-Levels of
Evidence (March 2009). Next, based on the review findings corresponding Statements and Recommendations are to be formulated
in a Consensus Conference for the use of biological meshes for the
different indications. The findings of the Consensus Conference
are then to be summarized for a joint publication. This present
publication is part of the project undertaken by the BioMesh Study
Group.

APPENDIX
BioMesh Study Group
Ferdinand Köckerling (Chairman), Stavros A. Antoniou, René
Fortelny, Frank A. Granderath, Markus Heiss, Franz Mayer, Marc
Miserez, Agneta Montgomery, Salvador Morales-Conde, Filip
Muysoms, Alexander Petter-Puchner, Rudolph Pointner, Neil
Smart, MarciejSmietanski, Bernd Stechemesser undertaken by the
BioMesh Study Group.

AIM
The BioMesh Study Group has set itself the task of identifying how
best to use biological meshes for the various indications. The first
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