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Abstract

Introduction: Prosthetic reinforcement in hiatal hernia (HH) repair was thought to decrease recurrence. Recent studies show equal 
recurrence rate with or without mesh and therefore question the role of mesh in HH repair.

Methods: Literature search was performed using PubMed and Medline for articles addressing HH repair using mesh from 1998 to 
December 2018. Findings regarding HH size selected for mesh reinforcement, surgical details, symptom outcomes, recurrence and 
mesh related complications were reviewed across studies. 

Results: Thirty-nine articles met inclusion criteria: 7 Randomized control trials (RCT’s), 20 observational studies and 12 articles 
including systematic reviews, surveys and meta-analyses. Primary and secondary outcomes varied across studies with the most com-
mon outcome measured being HH recurrence. Significant variability existed in the hiatal hernia size and the type and composition 
of mesh utilized. Most studies reported symptom improvement compared to baseline and showed no significant difference between 
prosthetic reinforcement and suture cruroplasty. A meta-analysis on four RCT’s reported similar recurrence rate while some meta-
analyses reported reduced recurrence with prosthetic reinforcement. Mesh related complications were reported in four observa-
tional studies and all four studies used non-absorbable mesh. Meta-analyses reported similar complication rate between groups. 

Conclusion: Literature addressing mesh outcomes varied enormously across studies. More long-term studies with clear criteria for 
prosthetic reinforcement are required. 
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Introduction
A hiatal hernia (HH) is a pathological enlargement of a normal anatomical diaphragmatic defect with abdominal organs (usually 

stomach) traversing the defect into the mediastinum. This results in reflux of gastric contents into the esophagus accounting for 50% of 
anti-reflux laparoscopic procedures [1] with 40,000 surgeries done each year in United States [2]. Factors that contribute to HH include 
developmental defects, diaphragmatic/peri-diaphragmatic fibromuscular degeneration especially with increasing age and increase in 
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abdominal -thoracic pressure gradient with the later primarily due to obesity [3]. HH is classified into 4 types. In Type I HH, gastro-
esophageal junction (GEJ) is displaced above the diaphragm. In Type II HH, GEJ is in its normal anatomical position with fundal herniation 
through the diaphragm. In Type III, GEJ and fundus herniate with fundus above the GEJ and in Type IV HH other abdominal structures (e.g. 
omentum, colon, small bowel) herniate into the thorax along with the stomach. Most sliding (Type I) hernias are managed medically and 
symptomatic, large HH para-esophageal hernias (Type II - IV) undergo surgical repair [4]. As the post-surgical recurrence rate for HH was 
higher, mesh use was introduced and was thought to decrease recurrence [2]. Although initial studies supported the use of mesh, recent 
long-term studies have produced less successful mesh outcomes. There has been an ongoing debate on mesh use, type/composition, 
shape, surgical technique for mesh placement and associated long-term complications [1]. In this article, we performed a review on HH 
size for mesh repair, type and shape of mesh used, surgical technique performed, symptom outcomes including quality of life, recurrence 
and complications associated with mesh use. 

Methods
A PubMed and Medline databases search was performed using the keywords hiatal hernia, paraesophageal hernia, repair, mesh, lapa-

roscopic and open, used isolated or in combination. Google scholar search engine was also checked for articles on hiatal hernia mesh 
repair. Data was collected independently by three reviewers (HB, MS, MA). The search included articles in English language published 
during 1998 to December 2018. All articles were screened according to the title and/or abstract. Randomized control trials (RCT), obser-
vational, systematic reviews and meta-analyses studies which focused on mesh outcomes in hiatal hernia repair were included. Articles 
involving animals, grafts/ligaments/sphincter augmentation with non-mesh involving studies, surveys, case reports, case series, studies 
with less than 10 patients, articles with same patient population, articles with concomitant procedures to hiatal hernia repair and those 
related to any kind of benign and malignant neoplasms, were excluded. 

Results
Thirty-nine articles met the inclusion criteria. The breakdown based on the type of article is as follows: 7 RCT’s, 20 observational 

studies (Table 1) and 12 articles including systematic reviews, surveys and meta-analyses. Primary and secondary outcomes of the stud-
ies are listed in table 1. Literature findings regarding hiatal hernia (HH) size selected for mesh reinforcement, surgical details, symptom 
outcomes, recurrence and mesh related complications are described below. 

Hiatal hernia size

HH size ranged from any evidence of hernia on imaging up to > 8 cm. HH size was also defined as gastric pouch herniation above the 
diaphragm [5], percentage (> 30%, > 50%) of intrathoracic stomach [6-10], hernia types (II to IV) [1,6,9,11-13], intraoperative measure-
ment of hiatal size based on the hiatal surface area [14,13] and intraoperative hernia size length (e.g. > 3 cm, > 5 cm) [15,16]. Twelve 
studies intraoperatively measured HH size [7,9-12,14-19,]. Seven of these studies reported how HH was measured: Flexible measuring 
tape [11], endoscopic ruler [16,17], based on number of sutures [15,19] and percentage of intrathoracic stomach (>30%, >50%) [7,9]. As 
shown in table 2, some studies did not provide a clear definition of hernia size, but included patients enrolled with symptomatic gastro-
esophageal reflux disease who underwent laparoscopic fundoplication [15,17,20-22]. 

Surgical details 

Twenty-two studies described hernia sac reduction or sac removal. Nineteen studies described esophageal mobilization or esopha-
geal lengthening as a part of their procedure (Table 3). Four studies used Collis gastroplasty as an esophageal lengthening procedure 

[10,11,15,16]. Posterior crural suture repair was done in twenty studies (Table 3). In nine studies, anterior crural repair was performed in 
addition to posterior repair for additional reinforcement (Table 3). Anti-reflux surgery was described in all studies with the most common 
procedure being Nissen fundoplication. Other techniques included Toupet, partial, Nissen-rossetti and Tilley fundoplication.
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Mesh was placed on repaired crura (onlay repair) in twenty-three studies [1,5-8,11-13,15-21,23-29,31]. Sandwich or sublay repair tech-
nique was performed in one study where mesh was sutured to crura as in tension free repair and crura were then approximated together 
with sutures [14]. Tension free repair was performed in two studies [10,20]. Keyhole mesh with different mesh configurations was used in 
five studies [12,18,23,24,29]. Mesh was secured to diaphragm with sutures [5,6,9-11,14,17,21,26,28,30], stapler [15,16,18,20,23,24,27], 
sutures or tackers [1,7,12,25], sutures with fibrin sealant [31] and laparoscopic screws [19]. Self-adhesive mesh was used in one study 
[13]. One study performed tension free repair in one group and suture cruroplasty with prosthetic reinforcement in the other group and 
found no significant difference between groups (mean follow-up of 95.1 ± 38.7 months) [20]. Mesh repair with diaphragmatic relaxing 
incisions was performed by one study [31] and reported no difference between groups (suture cruroplasty, mesh reinforced suture cru-
roplasty and mesh reinforced sutured cruroplasty with relaxing incision) at a median follow up of 9 months. 

Shapes and composition of mesh varied across studies. U shaped mesh was used in eleven studies [1,5-7,10-13,15,26,29]. Rectangular 
mesh was used in two studies [9, 25]. Oval shaped mesh was used in two studies [18, 24]. Horse shoe shaped mesh [28], C-shaped mesh 
along with a relaxing incision [31], V-shaped mesh [19], Triangular patch [14], Butterfly shaped mesh [27], Square shaped mesh [23] was 
used in one study each. Four studies mentioned mesh shape in dimensions (3x4, 3x5, 1x3) [16,17,20,30].

Thirteen studies [1,7,10,12,13,15-18,20,23,24,30] used synthetic, non-absorbable mesh and nine studies used biological, absorbable 
mesh [5,6,9,21,26,28,29,31,32]. In the non-absorbable mesh group, nine studies [10,13,15,17,18,20,23,24,30] reported significant dif-
ference and three studies [1,7,12] reported no significant difference in recurrence between groups. In the absorbable mesh group, four 
studies [5,6,31,32] reported no significant difference in recurrence between groups. 

Symptom assessment

Most of the studies reported symptom improvement compared to baseline. Ten studies reported no significant difference in symp-
tom outcomes between prosthetic reinforcement and suture cruroplasty [1,6,7,14,15,17,25,27,30,32]. Symptom outcomes across studies 
are listed in the table 2. Among the RCT’s, Granderath., et al. reported no significant difference in symptoms (heartburn, dysphagia and 
regurgitation) with absorbable mesh at a 12-months follow-up [17]. Oelschlager., et al. reported no significant difference in symptoms 
(heartburn, regurgitation, dysphagia, chest pain, abdominal pain, bloating, nausea, post prandial pain, early satiety) with absorbable mesh 
at 6 months [11] and at a median follow-up of 58 months [32]. Watson., et al. reported no significant difference in symptoms (heartburn, 
chest pain, epigastric pain, regurgitation, dysphagia, odynophagia, early satiety, epigastric bloating, anorexia, nausea, vomiting, nocturnal 
coughing, wheezing, diarrhea) with absorbable and non-absorbable mesh at a follow-up of 12 months [25]. Oor., et al. reported significant 
improvement in inability to belch in the mesh (non-absorbable) group at 12 months [7]. Twelve studies reported no statistical signifi-
cance regarding dysphagia between suture and mesh group [1,6,7,9,14,15,17,22,25-27,32]. Among the RCT’s, Oelschlager., et al. reported 
no difference in dysphagia between groups at 6 months and at a median of 58 months with absorbable mesh [11,32]. Granderath., et al. 
(with non-absorbable mesh) [17], Watson., et al. (with absorbable and non-absorbable mesh) [25], Oor., et al. (with non-absorbable) 
reported no difference in dysphagia between groups at 12 months [7]. Eleven studies reported QOL assessment [1,6,8,10,13,19,20,25,3
0,32,33]. Follow-up for QOL ranged from 12 months to a median of 118 months. Ten of these studies reported no significant difference 
between suture and mesh group but reported significant overall improvement in QOL compared to preoperative baseline. One study 
reported significant improvement in QOL in the mesh (non-absorbable) group compared to non-mesh group [13]. Among the RCT’s, Oel-
schlager., et al. reported significant improvement in primary repair group and mesh (non-absorbable) group with greater improvement 
in mesh group on emotional problems and mental health at 6 months and with no difference between groups at a median follow-up of 56 
months [11,32]. Watson at al reported no significant difference between groups (primary repair, absorbable mesh and non-absorbable 
mesh groups) in QOL at 24 months follow-up [25]. Llyashenko reported significant improvement in QOL in the mesh group at a mean 
follow-up of 58 months [13].
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Complications

Four studies reported mesh related complications [10,12,20,23] and all four studies used non-absorbable mesh. Esophageal stenosis 
was reported in four patients at a follow up of 12 months [12]. Three of these patients underwent esophageal dilatation and one patient 
underwent reoperation where mesh and scar tissue was removed and esophageal stumps were sutured by open approach [12]. Esopha-
geal erosion was reported in two patients among the studies [20,23] at a mean follow up of 89  29.8 and at 12 months [23] respectively. In 
one patient, mesh was removed with no further intervention [20] and in the other patient esophagectomy was performed at 12 months 
for mesh erosion and migration [23]. Esophageal perforation was reported on post-operative day twelve in one patient and the presence 
of prosthetic material was attributed as one of the factor for worsening clinical consequence of leakage [10]. None of the RCT’s reported 
mesh related complications.

Recurrence

Definition of recurrence varied across studies and are shown in the table 4. Fifteen studies provided a clear definition for recurrence. 
Follow up for recurrence varied across studies with a range of six months to a median of 118 months (Table 4). Eight studies [1,6-
8,12,25,31,32] demonstrated no significant difference in recurrence rates between primary cruroplasty and prosthetic reinforcement 
while eight studies [5,10,13,15,17,20,23,24] supported the use of mesh to reduce recurrence. Among the RCT’s comparing mesh use to 
suture cruroplasty, Frantzides., et al. study reported a recurrence reduction from 22% to 0% (p < 0.006) at median follow-up of 2.5 years 
(30 months) [24]. Granderath., et al. reported a reduction of 26% to 8% at one year [17]. Oelschlager., et al. reported a reduction from 
24% to 9% at 6 months but in his subsequent five-year follow-up revealed equal recurrence rates of 59% versus 54% in suture versus 
mesh group [32]. Watson., et al. reported a recurrence rate of 23.1% in the suture group, 30.8% in absorbable mesh group and 12.8% in 
non-absorbable mesh group at 12 months with no statistical significance between groups in regard to recurrence [25]. Oor., et al. did not 
report any difference in recurrence rates over a period of one year [7]. Llyashenko., et al. report increased recurrence in non-mesh group 
at a mean follow-up of 58 months [13].

Discussion
Literature recommendations and criteria addressing whether mesh use is indicated in hiatal hernia repair is diverse and varies enor-

mously across studies. A majority of the studies included in this review focused on hernia recurrence as the primary outcome. Secondary 
outcomes included symptom frequency, symptom severity, quality of life assessment, operative time, complications, hospital stay and 
patient-reported surgical satisfaction. 

Hiatal hernia size 

Definition of hernia size varied across studies. A SAGES (Society of American Gastrointestinal and Endoscopic Surgeons) survey of 
275 members who performed hiatal hernia repair reported that 24% of surgeons opted 5 cm, 13% opted 8 cm and 9% opted 3 cm as the 
size at which they would consider the use of the mesh [33]. Hiatal hernia size at which mesh was used was heterogeneous across studies. 
Definition and measurement of size varied enormously in the literature reviewed.

There is no consensus on the exact hernia size that should be repaired with a mesh. A cutoff diameter of 5 cm to differentiate small 
and large hiatal hernia was first mentioned by Champion., et al. in 1998 [14]. Frantzides., et al. in his randomized control trial included 
large hiatal hernias (>8 cm) reported that prosthetic reinforcement decreased recurrence rate from 22% to 0% at a median follow up of 
2.5 years [24]. Similar to hiatal size, hiatal surface area (HSA) was first described by Granderath., et al. [34] by using the formula HSA = 
arcsin (s/2/r) x r2, with “s” being the transverse dimension of the hiatus and “r” the vertical dimension [14]. He reported an association 
between increasing HSA, increasing recurrence risk and therefore a higher need for mesh. Grubnik., et al. further divided patients into 
three groups based on HSA: small (<10 cm2), large (10-20 cm2) and giant (>20 cm2). He proposed different repair options for each group: 
primary suturing for small, sub-lay technique with partially absorbable light weight mesh for large and original repair as recommended 
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in the literature for giant hernias [14]. Zhang., et al. conducted a meta-analysis and subgrouped patients into three categories based on 
endoscopic measurements: small (< 5 cm), large to very large (>5 cm), very large (>8 cm). Total group analysis revealed a significant dif-
ference between mesh and non-mesh group regarding the size of hernia (OR 0.19, 95% CI 0.10 - 0.38, P/0.00001, I2 = 0%) and results 
favored mesh augmentation for all hernia sizes [35]. Schmidt., et al. studied the need for mesh reinforcement in small HH (1 - 5 cm) 
and found a recurrence rate of 16% (5/32) in the suture cruroplasty group and 0% (0/38) in the absorbable mesh group at one year  
(P = 0.017) [5]. In a study by Oor., et al., a sub-analysis done for > 50% intrathoracic stomach found intraoperatively did not show any 
significant difference in recurrence [7]. 

Surgical details

Key steps in hiatal hernia repair include: 1) reduction of the herniated organ and dissection of the hernia sac off the crura to avoid 
re-herniation, 2) esophageal mobilization to ensure adequate esophageal length thereby avoiding tension closure, 3) closure of the crura 
inferio-posteriorly to the esophagus and 4) fundoplication [36]. When sufficient esophagus could not be mobilized, an esophageal length-
ening procedure (e.g.- Collis gastroplasty) was added, as repair under tension was thought to contribute to recurrence. Two distinctive ap-
proaches for prosthetic hiatal hernia repair include, mesh repair with primary cruroplasty and mesh repair without primary cruroplasty 
(tension free repair) [37]. Kuster and Gilory in 1993 reported the first prosthetic hiatal hernia repair. To avoid tension closure of their 
large paraesophageal hernias, a non-absorbable mesh overlapping the crura in all directions was approximated without primary cruro-
plasty in six patients. Two of their six patients had small posterior segment slippage with no mesh related complications at a follow-up of 
8-22 month [37]. Due to concern of complications with mesh encircling techniques, posterior crural repair with prosthetic reinforcement 
has been commonly employed by most surgeons [25]. 

In a study by Morino., et al. thirteen patients were diagnosed with short esophagus preoperatively or intraoperatively. Four patients 
did not initially undergo an esophageal lengthening procedure and developed recurrence. Collis gastroplasty was then performed on the 
remaining nine patients to prevent similar outcomes and no recurrence occurred [10]. Esophageal lengthening was not performed in 
Watson., et al. study. Two of his hundred and twenty six patients had short esophagus and both patients underwent early reoperation for 
recurrence and had excellent outcomes when reassessed postoperatively at 6 months [25]. Goers., et al. did not include patients who un-
derwent Collis gastroplasty and partial fundoplication [9]. In Gouvas., et al. study, esophageal lengthening procedure extended from cardia 
to the pulmonary veins proximally [12]. Posterior crural suture repair was done in twenty studies (Table 3). In seven studies, anterior cru-
ral repair was performed in addition to posterior repair for additional reinforcement (Table 3). An anti-reflux procedure was described in 
all studies with the most common procedure being Nissen fundoplication. Other techniques included Toupet, partial, Nissen-Rossetti and 
Tilley fundoplication. Initial patients with impaired esophageal motility enrolled in Gouvas., et al. study underwent Toupet fundoplication. 
Due to inadequate reflux control with Toupet fundoplication, subsequent patients underwent Nissen fundoplication. Post-operative reflux 
was reported more after Toupet fundoplication compared to Nissen fundoplication (p = 0.031) [12].

Reasons considered for prosthetic reinforcement included disruption of the crural pillars, large hernia defects, crural closure under 
tension. Although various shapes (U, C, V, A-configuration, rectangular, triangular, butterfly, oval, keyhole) and composition (absorbable, 
non-absorbable, partially absorbable etc.) of the mesh exists, the use of mesh in hiatal hernia repair still remains controversial. Shapes 
and composition of mesh varied across studies and was solely based on surgeon’s decision. Watson’s randomized control trial (RCT) stud-
ied the recurrence for both synthetic and biological mesh [25]. Grubnick used partially absorbable mesh [14]. Dallemagne reinforced few 
patients with synthetic mesh and few patients with biological mesh [8]. Ozmen used double sided composite implant with polypropylene 
on one side and silicon on other side [19]. Zaninotto., et al. use double mesh with gortex mesh hand sewn over polypropylene mesh, with 
gortex side facing the abdominal viscera and polypropylene side facing the diaphragm [23].

Some studies supported the use of synthetic mesh while others supported the use of biological mesh with no clear preference overall in 
the literature. Complications associated with synthetic mesh led to consideration of biological mesh. Oelschlager., et al. initially reported 
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significant recurrence reduction with biological mesh at a follow-up of 6 months [11]. However, long-term follow-up of biological mesh, 
over a period of five years showed no difference in the recurrence outcomes with and without mesh [32]. Overall pooled recurrence rate 
was lower in synthetic mesh group than biological mesh group [0.30 (95% CI 0.12 - 0.73); P = 0.008 vs. 0.69 (95% CI 0.26 - 1.83); P = 
0.457] in a meta-analysis which included nine studies with total of 676 patients. A survey conducted in the same study on 503 surgeons 
(in 2016) reported that, 67% of the surgeons preferred synthetic mesh over biological mesh [38]. A similar survey by 2518 SAGES mem-
bers (in 2012) had reported, 67% of the surgeons preferred using biological mesh [2]. 

Symptom assessment

Gastroesophageal reflux disease symptoms, quality of life (QOL) and post-operative symptom outcomes with mesh use were assessed 
in many studies. Symptom outcomes of each study were reviewed and are reported in the table 2. Among the RCT’s, Granderath., et al. 
reported dysphagia in the mesh group at three months, which was not statistically significant when followed to one year [17]. Oelschlager 
in his RCT reported an overall decrease in frequency and severity of symptoms at 6 months [11]. Chest pain (p < 0.03) and early satiety (p 
< 0.02) were significantly severe in patients with recurrent hernia with worst physical functioning. On further follow-up over a period of 5 
years, he found significant decrease in severity of symptoms with no statistical difference in symptom outcomes in mesh and suture group 
including dysphagia. In Watson at al study, symptoms found to be significantly worse in the absorbable mesh group included: odynopha-
gia at one month, nausea at three and 12 months, wheezing at 6 months and inability to belch at 12 months. Patients with non-absorbable 
mesh had less bloating at twelve months. However, the clinical outcomes in all groups were very minor and were considered insignificant. 
In an RCT by Oor., et al., postprandial fullness and inability to belch were reported more in suture group (60.0% and 25.7% respectively, 
p = 0.040) compared to mesh group (35.3 and 5.9% respectively; p = 0.024) at six months follow-up [7]. 

In Dallemagne’s study, regurgitation, heartburn, dysphagia, chest pain, respiratory symptoms and anemia were assessed pre- and 
post-operatively by grading symptom severity and frequency on a four-point scale. Significant improvement was seen in all symptoms 
(p < 0.001) [8]. In Kepenekci at al study, post-operative symptoms were assessed using Visick grading (grade 1, no symptoms; grade 2, 
minimal symptoms, no lifestyle changes, no need to see a physician; grade 3, significant symptoms despite proton pump inhibitor (PPI) 
therapy that required lifestyle changes with a physician’s help; grade 4, symptoms as bad as or worse than preoperatively despite PPI use). 
Grade 3 and 4 were considered as recurrence. Recurrence was more in suture group compared to mesh group by the end of two years (not 
statistically significant) [15]. Frequency and severity of reflux symptoms were assessed in Goer’s., et al. study and revealed significantly 
more chest pain, inability to belch in suture group at six months [9]. 

Dysphagia is a common symptom in patients undergoing mesh repair. Postoperatively dysphagia usually resolves within few weeks but 
can persist further beyond indicating a need for reassessment. Analog scales for dysphagia for solids and liquids, dysphagia score (ana-
lyzing nine types of solids and liquids) was used by Watson [25]. Dakkak scoring for dysphagia was used by Oor., et al. [7]. Kamolz., et al. 
used simple verbal rating scale (none, mild, moderate, severe) [22]. Significant improvement from the baseline dysphagia was reported by 
Dallemagne (p < 0.05) [8]. Initial significant dysphagia (at 3months) in the suture and mesh group in Kamolz., et al. study [22] and in mesh 
only group in Granderath., et al. study [17] was non-significant by the end of one year. In Zaninotto study, 22% of patients reported dys-
phagia along with regurgitation and retrosternal pain [23]. In their mesh group one patient developed severe dysphagia on postoperative 
day two, due to malposition of mesh requiring reoperation. Four patients in Soricelli., et al. study had dysphagia beyond three to six weeks 
and underwent balloon dilatation (did not specify mesh or suture group) [20]. In a meta-analysis by Zhang., et al., better improvement in 
dysphagia was found following suture compared to mesh repair (MD = 13.68, 95% CI 2.51 - 24.85, P = 0.020) [35]. Persistent dysphagia 
was seen in four patients in mesh group in Jacobs., et al. study, of which three of four underwent balloon dilation and one patient was 
converted to Toupets fundoplication [21].

QOL, assesses over-all well-being of individual patient post-surgery [39]. Various QOL assessment tools were used among the studies: 
short form survey (SF)-36 [11,39], gastroesophageal reflux disease health related quality of life instrument (GERD-HRQL) 2 [6,10,20] 
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gastrointestinal quality of life index (GIQLI) [8,19,22] and QOL questionnaire [7]. Post-surgical patient satisfaction questionnaire [7,8,25] 

was used in few studies. Oelschlager., et al. used SF-36 questionnaire and reported an overall improvement in QOL, more so in the mesh 
group specially with mental and emotional health at six months postoperatively and no significant difference between groups at a median 
follow-up of five years [11]. Watson., et al. RCT reported a detail outcome of QOL in same set of patients followed for a period of two years 
in a different article [39]. In their paired analysis, physical and mental component scales (PCS and MCS) were significantly high in absorb-
able and non-absorbable mesh groups but when compared separately, MCS were not significantly different to preoperative scores in the 
suture group. In the absorbable mesh group MCS scores were significantly high at 12 months (p = 0.012, posthoc alpha = 0.013) and in 
non-absorbable group at 12 and 24 months (p = 0.028, p = 0.168, p < 0.001, p < 0.001 respectively) but not at other points. Patients with 
recurrence had significantly lower PCS with no significant difference in MCS.

Recurrence

Robert Condon first addressed unacceptably high recurrence rates associated with hiatal prosthetic reinforcement in the open surgical 
approach in the late 1970’s [37]. Laparoscopic prosthetic reinforcement recurrence rate ranged from 5 - 42% [40]. Some of the considered 
contributing factors for recurrence included: dynamic nature of the hiatal region (with active constant movement of stomach, diaphragm, 
esophagus), patient revolving factors like sudden increase in intra-abdominal pressure (e.g.- coughing, constipation, lifting heavy weight, 
vomiting, respiratory movement of the diaphragm ) [15], hiatal anatomy related factors (shortening of the esophagus, weak crural mus-
cles, suturing diaphragmatic pillar under tension) [23] and early surgeons experience on repair. When recurrence was classified based on 
symptoms, asymptomatic (anatomical) recurrence rates were reported to be 30 - 42% and symptomatic recurrence rates were 5% [1].

Most studies reported anatomical recurrence. Anatomical recurrence was assessed using esophagram, esophagogastroduodenoscopy 
(EGD), pH study and manometry. Symptomatic recurrence was mainly defined as patient reported discomfort confirmed with radiological 
evaluation. In a study by Grubnick., et al., heartburn, discomfort, sever belching, persistent dysphagia for more than three months were 
considered as symptoms of recurrent herniation [14]. Kepeneckci patients were evaluated by Visick grading based on symptoms and 
patients with grade 3 and 4 were considered to have recurrence and when evaluated radiologically, all patients with Visick grade IV had 
radiological recurrence [15]. In a study by Champion., et al., only symptomatic patients underwent barium study and gastroscopy initially, 
which was later changed to routine yearly assessment with upper gastro-intestinal series [16]. Influence of mesh on both symptomatic 
and anatomical recurrence was studied by Koetje., et al. [1] and reported no significant difference between both groups. Oelschlager., et 
al. studied long term clinical and anatomical outcomes of laparoscopic large hiatal hernia repair with biological mesh and reported that 
patients with large recurrent hernias (>4 cm) are more likely to report heartburn [41]. Wang., et al. followed 115 symptom free patients 
who were radiologically diagnosed with recurrent hiatal hernia for a period of five years for any symptom development. He reported that 
these asymptomatic patients were more likely to experience heart burn and dysphagia and used anti-secretory medication on subsequent 
follow-up [42].

Excellent outcomes with mesh use in Frantzides., et al. paper, was attributed to use of PTFE mesh (keyhole) and esophageal mesh 
encircling technique, however it was not frequently employed by most surgeon’s due to concern for mesh associated complications [24]. 
In a meta-analysis by Memon [43]., et al. which included four RCT: Frantzides., et al. [24], Granderath., et al. [17], Oelschlager., et al. [32] 
and Watson., et al. [25] with a total of 406 patients (Suture = 186, Mesh = 220) showed no significant difference in recurrence of hiatal 
hernia/wrap migration, operation time and complication rates. Only pooled effect size for reoperation rate favored prosthesis group [43]. 

Grubnick studied hiatal hernia recurrence with mesh use based on hiatal surface area. He found giant hernia (>20 cm2) mesh repair 
results in higher recurrence rate than large hernias (10 - 20 cm2) (20% vs 4.9%; p = 0.0028) [14]. Soricelli compared recurrence rate be-
tween suture only, mesh only and mesh reinforced suture group. Significant difference was seen between suture and mesh only groups (p 
= 0.004), suture and mesh reinforced group (p = 0.003) with more recurrence in suture group. No significant difference was seen between 
mesh only and mesh reinforced group (P > 0.05) [20]. Schmidt., et al. study focused on recurrence associated with small hiatal hernia 
(< 5 cm) and reported significant reduction in recurrence (p < 0.017) [5]. Crespin., et al. reported no significant difference in recurrence 
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between groups with diaphragmatic relaxing incisions. He reported that biological mesh use on left sided diaphragmatic incisions was 
associated with development of diaphragmatic hernia [31]. Age, previous abdominal surgery and BMI were associated with higher rate 
of reoperation [1].

Two meta-analyses that compared suture cruroplasty with prosthetic reinforcement reported decrease in recurrence rate following 
prosthetic reinforcement [2.6 vs. 9.4%, OR 0.23 (95% CI 0.14 - 0.39), P\0.00001], (pooled proportions, 12.1% vs. 20.5%; odds ratio (OR), 
0.55; 95% confidence interval (CI), 0.34 to 0.89; p = 0.04) [35,44]. Similarly, overall odds ratio of recurrence was less after prosthetic rein-
forcement in large hiatal hernia in a meta-analysis by Vernissia., et al. (OR 0.51, 95% CI 0.30 - 0.87; overall p = 0.014) [45]. A meta- analysis 
which included nine studies with 676 patients reported overall decrease in mesh group compared to suture group [14.5 vs. 24.5%; POR = 
0.36 (95% CI 0.17 - 0.77); P = 0.009] [38]. 

Conclusion
Size and measurement of HH varied across studies limiting clear comparison. Clear criterion or cutoff size for use of mesh has not 

yet been delineated in the literature. Mesh composition and shape varied across studies and was used at surgeon’s discretion. Symptom 
outcomes and QOL improvement was reported in most studies with no difference between groups. Early studies supported prosthetic 
reinforcement while recent RCT’s and observational studies reported similar recurrence with mesh use. Follow-up varied across studies. 
A meta-analysis on four RCT’s reported similar recurrence rate while some meta-analyses reported reduced recurrence with mesh use. 
Similar complication rate between suture cruroplasty and prosthetic reinforced groups was reported in meta-analyses. Four observa-
tional studies reported mesh related complications with non-absorbable mesh.

 Literature recommendations and criteria addressing whether mesh use is indicated in hiatal hernia repair is diverse and varies enor-
mously across studies. There is no clear consensus or criteria for mesh selection or surgical technique for hiatal hernia repair. Further 
rigorous studies are needed as well as long-term follow up to further delineate the effectiveness of mesh reinforcement.
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Author Number of 
patients Study design Primary/ secondary 

outcomes measured Final outcomes

Carlson [18] 
1999

#31

S = 16

M = 15

RCT -Mesh outcomes.

No recurrences in mesh group at follow-up of 12-36m.
Operating time and cost significantly more in the mesh 
group.  
No mesh related complications.

Frantzides 
[24] 2002

#72

S = 36

M = 36

RCT

-HH Recurrence,

-Complications,

-Hospital stay,

-Operative time,

-Cost.

Recurrence- significantly low in mesh group at a 
median  
follow-up of 2.5y. 
Complications and hospital stay not significant be-
tween groups. 
Operative time and cost- significantly more in the 
mesh group.

Granderath 
[17] 2005

#100 
S = 50  
(45/50 had 
HH) 
M = 50  
(45/50 had 
HH)

RCT

-Recurrence, 
-Symptom outcomes, 
-Esophageal  
manometry, 24-hour 
pH monitoring, EGD, 
barium results. 
-Complications.

Recurrence- Significant reduction in mesh group at a 
follow-up of 1y. 
Symptom outcomes- no difference between groups at 
1y. 
Esophageal manometry, 24hr pH monitoring,  
EGD – no  
difference between groups.  
Complications- No mesh related complications.
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Oelschlager 
[11,32] 
2006, 2011

2006#108 
S = 57 
M = 51 
2011 
72/108 (were 
available for 
follow-up) 
S = 39 
M = 33

RCT

2006 
1o- Recurrence 
2o-  
-Symptom outcomes 
and QOL, 
-Perioperative  
complications,  
-Operative time. 
2011 
1o -Recurrence 
2o-  
-Symptom severity, 
- QOL outcomes 
- Vertical height of HH 
and cross-sectional 
area

Recurrence- significantly low in mesh group at 6m. 
Symptom outcomes and operative time- no significant 
difference between groups.  
QOL- role limitations due to mental and emotional 
health in  
SF-36 QOL were seen only in mesh group at 6m 
follow-up. 
Perioperative complications- 10 patients in suture 
group and 12 patients in mesh group reported  
perioperative complications. Mortality was reported 
in 2 patients on POD 14 and 7 for  
myocardial infarction and pulmonary embolus  
respectively. 
2011 
No significant difference between groups regarding R, 
symptom severity, QOL, vertical height and  
cross-sectional area.

Watson [25] 
2015

#126S = 43

Ab = 41

NAb = 42

RCT

1o- Recurrence.

2o- 

-Clinical outcomes 

Recurrence- no difference between groups at 6m 
follow-up. 
Clinical differences between three groups were  
considered minor and unlikely significant. 

Oor [7] 
2018

#72

S = 36

S+M = 36

RCT

1o -Recurrence

2o- 

-Operative time, 

-Perioperative  
morbidity, 

-Clinical outcomes

-Surgical satisfaction

Recurrence- no difference between groups at 1yr 
follow-up. 
Operative time, intra/post-operative complications 
and satisfaction score- no difference between groups. 
clinical outcomes- mentioned in Table 2.

Ilyashenko 
[13] 2018

#98

S = 48

M = 50

RCT

1°- Recurrence 
2°- 
-Safety, 
-Long term QOL

Recurrence more in the non-mesh group at a mean 
follow-up of 58m.  
No mesh related complications. 
Significantly higher patient satisfaction in the mesh 
group. 
Significantly improved QOL score in mesh group.

Kamolz [30] 
2002

#200

S = 100

S+M = 100

Unspecified
-Recurrence

-QOL 

-Dysphagia.

Recurrence- Patients with mesh reinforcement had 
less recurrence at follow-up of 12m. 
(significance not calculated) 
QOL – no significant difference between groups.  
Dysphagia- no difference between groups at 1y  
follow-up.

Champion 
[16] 2003

# 52

M = 52

Retrospective 
with  
prospective 
follow-up.

Mesh outcomes
Less recurrence with mesh reinforcement at a mean 
follow-up of 25m. 
(significance not calculated) 
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Muller-Stich 
[27] 2006

#56

S = 39	

M = 17

Retrospective -Recurrence rate  
-Side effects	

No recurrence in the M group at a mean of 20±13m 
follow-up. 
No mesh related complications

Ringley [26] 
2006

#44	

S = 22

M = 22

Prospective Mesh outcomes 

No recurrences were reported in the M group at mean 
of 6.7m follow-up. 
No difference in dysphagia score between groups.

Morino [10] 
2006

#65 
-S = 14 
-Tension free 
mesh repair 
= 37 
-Collis Nissen 
fundoplication 
= 14

Retrospective

Optimal surgical  
technique for  
management of  
laparoscopic large HH

Rate of recurrence significantly lower in mesh group.  
No recurrence in patients who underwent Collis 
-Nissen esophageal lengthening procedure.

Jacobs [21] 
2007

#220 
S = 93 
M = 127

Retrospective

Symptomatic  
recurrence. Less patients in the mesh group developed  

symptomatic recurrence.

Kepenekci 
[15] 2007

#-551 
S = 335 
M = 176

Prospective Mesh outcomes.

Recurrence significantly low in mesh group at 2y 
follow-up. 
No correlation between size of hernia and recurrence 
No mesh related complications.

Zaninotto 
[23] 2007

#54 

S = 19

M = 35

Retrospective

-Recurrence 
-Symptomatic  
outcomes 
-Objective outcomes 
(radiological/  
endoscopic).

Recurrence significantly low in mesh group at 33m 
median follow-up. 
Symptom outcomes- mentioned in table 2. 
Radiological/ endoscopic follow-up for 5y showed no 
recurrence in mesh group with 54.5% recurrence in 
non-mesh group.

Soricelli 
[20] 2009

#297 
S = 93pts 
M only = 113 
pts 
S + M = 91pts

Retrospective Mesh outcomes

Recurrence- significant increase in the S group when 
compared to M only group and suture reinforced with 
mesh group (S+M). No significant difference between 
M only and M+S group. 
Significant improvement in QOL. 

Dallemagne 
[8] 2011

#85	

S = 60

M = 25

Retrospec-
tive review of 
prospectively 
collected data

1o  

Recurrence  
(radiological) 
2o 

-Symptom outcomes  
-QOL 
-Patient satisfaction,

Radiological recurrence – not significant between 
groups. 
Significant symptom improvement. Did not stratify 
symptoms by groups. 
QOL- no difference between groups. Recurrence no 
impact on QOL 
Satisfaction score- no difference between groups.
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Goers [9] 
2011

#89

S = 33

M = 56

 Follow up-

S = 32/33 

M = 40/56

Retrospective 
Dysphagia after  
biological mesh  
placement.

No significant increase in post-operative dysphagia 
rates with the use of biological mesh compared to 
primary repair.

Gouvas [12] 
2011

#68

S = 48

M = 20

Retrospective Mesh outcomes

No significant difference in recurrence between 
groups

Ozmen [19] 
2013

#60

S = 31

M = 29

Prospective

-Results of  
laparoscopic Nissan 
fundoplication with 
and without mesh 
-QOL

No significant difference in QOL between groups  
Double sided composite mesh is a safe and effective as 
prosthetic material.

Grubnick 
[14] 2013

#658 
Group 1 
HSA<10cm2 = 
343 
Group 2-HSA 
10-20cm2 = 
261  
Subgroup 
2A (suture 
repair) = 103 
2B (mesh 
repair) = 158 
Group  
3- HSA>20cm2 
(mesh repair) 
= 54

Unspecified

Long-term 
results (i.e., anatomic 
recurrences,  
repair-related  
dysphagia, and 
reoperation rates) of 
hiatal hernia repair 
depending on the 
hiatal surface area 
(HSA).

Higher recurrence rate with primary repair for large 
hernias (11.9%) than small hernias(p = 0.0016) 
Sub-lay lightweight partially absorbable mesh showed 
significantly low R than primary repair for large 
hernias. 
Giant hernia mesh repair results in significantly higher 
recurrence rate than large hernias.  
Time to recurrence, percentage of reflux  
esophagitis, Demeester score, rate of anatomical  
recurrence combined with reflux recurrence,  
asymptomatic pure anatomical recurrence and  
reoperation – no statistical difference between groups.

Schmidt [5] 
2014

#70

S = 32

M = 38

Retrospective 

Recurrence in small 
HH (measuring 
≤5cm).

Recurrence rate significantly low in mesh group (no 
recurrences) at 1y follow-up. 

Asti [6] 
2016

#84

M = 41

S = 43

Observational- 
unspecified.

1o- Recurrence

2o- 

-Safety

-QOL

Recurrence- No difference between groups with early 
failure rate in S group at 12m. Toupet fundoplication 
might reduce recurrence compared to NF.  
Safety- No mesh related complications, dysphagia and 
infections over a period of 5y follow-up.  
QOL- no difference between groups.

Crespin [31] 
2016

#146

S = 36

M = 94

Relaxing  
incision + M = 
16 [Rt-12,  
Lt-3,  
Bilateral-1]

Retrospective.

-HH recurrence  
(radiological and 
clinical) in patients 
undergoing hiatal 
closure with dia-
phragmatic relaxing 
incisions 
-Outcomes of  
biological mesh with 
relaxing incision.

 

Rate of recurrence- similar between three groups. 
Biological mesh when used on left side of the  
diaphragmatic incisions might be associated with risk 
of diaphragmatic hernia development.
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Sasse [28] 
2016

#15 
M = 15 Unspecified Mesh outcomes

No recurrences at a median follow-up of 37m. 
No long-term complications. 
GERD HRQL- indicated a mild reflux symptomatology.

Koetje [1] 
2017 

#189

S = 127

M = 62

Retrospective 
analysis of 
prospectively 
followed cohort

-Symptomatic with 
anatomical

Outcomes:

-Recurrence

-Reoperation

-Complications

-Patient reported 
outcome measures

Radiological and symptomatic recurrence were  
comparable in both groups. 
Reoperations rates comparable between groups. 
Equal complication rates. 
Patient satisfaction high in both groups with no  
significant difference. 
Sub-analysis of 85 patients based on size (75% of 
intrathoracic stomach) showed no statistical  
difference in postoperative complications, radiological 
and symptomatic recurrence and reoperation between 
groups.

Howell [29] 
2018

#121	

S = 65

M = 56

Retrospective Mesh outcomes
Postoperative complications- not significant difference 
between groups. 
Longer mean operative time in M group.

Author Hernia definition Symptom measured Symptom measure-
ment Symptom outcomes

Carlson [18] 
1999 HH defect ≥ 8 cm. NM NM NM

Frantzides [24] 
2002 HH defect ≥ 8 cm. NM NM NM

Granderath [17] 
2005

Patients who  
underwent  

laparoscopic NF 
were included in 

the study.

Heartburn, 
dysphagia,  

regurgitation.

Quantified by  
standardized score 

system then  
categorized into mild,  

moderate, severe.

Dysphagia more in mesh group post 
-operative at 1 wk, 6 wk and 3m but 

equals out in groups by 1y. 
No significant difference in symptoms 

between groups at 1y follow-up.

Oelschlager 
[11,32] 2006, 
2011

HH defect >5 cm.

Heartburn,  
regurgitation,  

dysphagia, chest pain,  
abdominal pain, 

bloating, 
post prandial pain, 

early satiety.

Symptom severity  
using VAS (0 = no 

 affect, 10- extreme)

QOL = SF-36

2006

No significant difference with overall  
improvement in symptoms in both 

groups at 6m follow-up. 
Patients with recurrence had  

significantly more chest pain, early  
satiety and worse physical functioning. 
QOL – role limitation due to mental and  

emotional health was seen in mesh 
group only. 

2011 
No significant difference in symptoms 

and QOL between groups.

Table 1: Primary and secondary outcomes. 
RCT: Randomized Control Trial; EGD: Esophagogastroduodenoscopy; QOL: Quality of Life; GERD HRQL: Gastroesophageal Reflux Disease 

Health Related Quality of Life; HAS: Hiatal Surface Area; NF: Nissen Fundoplication; Ab: Absorbable Mesh; Nab: Non-Absorbable Mesh; HH: 
Hiatal Hernia; Rt: Right; Lt: Left; R: Recurrence; S: Suture Repair Group; M: Mesh Repair Group; m: Months; y: Years.
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Watson [25] 
2015

HH containing 
≥50% of the  

stomach.

Heartburn, chest pain, 
epigastric pain,  
regurgitation,  

dysphagia,  
odynophagia, early 
satiety, epigastric 

bloating,  
anorexia, Nausea,  

vomiting,  
nocturnal coughing, 

wheezing,  
diarrhea.

Evaluation of  
symptoms with a 

structured  
questionnaire. 
Analog score  
(0 - 10) for  
heartburn,  
dysphagia. 

Validated dysphagia 
score (0 = no,  
45 = severe). 

Modified Visick 
grading (1 - 5 being 

no-worse  
symptoms). 

Analog satisfaction 
score 

QOL –SF 36.

No significant difference between 
groups. 

Patients with non-absorbable mesh had 
less heartburn at 3 and 6m, and less 

 bloating at 12m. 
Patients with absorbable mesh reported 
more heartburn at 3m, odynophagia at 
1m, nausea at 3 and 12m, wheezing at 

6m and inability to belch at 12m. 
Clinical outcomes were considered small 

and therefore insignificant. 
Satisfaction scores were similar in all 

groups.

Oor [7] 2018

Diaphragmatic 
defect >5 cm 

with stomach or 
other viscera in the 

hernia. 
-Sub-analysis of 

>50% intrathoracic 
stomach  

intraoperatively

Heartburn, chest pain, 
epigastric pain,  
regurgitation,  

dysphagia for solids 
and/or liquids, pain 
during swallowing,  

postprandial fullness, 
inability to belch, gas 

bloating, anorexia, 
nausea, vomiting, 

nocturnal coughing, 
increased flatulence 

and diarrhea.

Analogue scale for  
severity and  
frequency of  

symptoms for Chest 
pain, heartburn and 
dysphagia for solids 

and liquids 
Dakkak dysphagia 

score 
Modified Visick score 

Satisfaction  
analogue score.  

Question choice to 
undergo surgery was 

correct- Y/N 
Changes in proton 

pump inhibitors and 
histamine blockers 

were recorded.

Post prandial fullness and inability to 
belch was more in suture group than 

mesh group at 1yr follow up. 
No significant difference between 
groups at 1y follow up in Dakkak 

dysphagia score, modified Visick score, 
satisfaction analogue score, choice of 
undergoing the surgery, in usage of  

acid-suppressing medication and rest of 
the symptoms.

Ilyashenko [13] 
2018

HSA>10 cm2. 
Type III NM

Symptoms measured 
by GERD-HLQR  
questionnaire.

Significant improvement in the mesh 
group than in the non-mesh group.

Kamolz [30] 
2002 NM Dysphagia

Dysphagia rated by 
simple verbal  

scaling- none, mild, 
moderate, severe. 

QOL-GIQLI

Dysphagia more in mesh group at 3m 
post operatively which equals out at 1y. 

No significant difference between 
groups with QOL.

Champion [16] 
2003

Hiatal defect ≥5 
cm or presence of 
gastric fundus in 
the mediastinum.

Heartburn, dysphagia, 
chest pain.

Symptom  
questionnaire yearly.

Nine patients reported heartburn and 
regurgitation. Two patients reported 

dysphagia and chest pain. 
Two patients with dysphagia underwent 
dilatation with resolution of symptoms.
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Muller-Stich [27] 
2006

Paraesophageal 
hernias.

Epigastric pain, 
cough, fullness, 

dysphagia, vomiting, 
anemia, thoracic pain, 

dyspnea, nausea, 
postprandial  

collapses.

Present or absent. No significant difference between 
groups at mean follow-up of 52 ± 31m.

Ringley [26] 
2006

Hiatal defect >5 
cm.

Heartburn, dysphagia, 
chest pain,  

hoarseness,  
regurgitation.

Symptoms scored on a 
scale of 0-4 

0 = Never, 1 = once 
a month, 2 = once a 

week, 3 = once a day 4 
= several times a day.

Significant hoarseness was seen in  
non-mesh group. 

No difference in post-operative  
dysphagia scores between groups.

Morino [10] 
2006

50% or >  
intrathoracic  

stomach herniation 
on contrast  
radiograph, 

6 cm or greater on 
endoscopy from 

top of gastric fold 
to crural pinch, 
intraoperative 

distance between 
crura exceeding 

5 cm.

Postprandial  
epigastric pain, 

heartburn, dyspnea, 
anemia, postprandial 
vomiting, postpran-

dial palpitation.

Gastroesophageal 
reflux health related 

quality of life. 
(GERD-HRQL) 

Symptom outcomes 
graded with Visick 

classification.

Visick grade-

1 and 2 = 65 and 11 % respectively 
3 and 4 = 15 and 9 % respectively. 

Did not stratify by groups. 
Persistent dysphagia was seen in 10 
patients after a mean of 3.5m from  

surgery and all these patients  
underwent reoperation.

Jacobs [21] 2007

Patients who  
underwent  

anti-reflex surgery 
were included.

NM NM

Symptoms improved post-surgery when 
compared to baseline.

Kepenekci [15] 
2007

Patients who  
underwent  

laparoscopic 
fundoplication 
for GERD were 
included in the 

study. 
Size of hernia was 

graded  
intraoperatively 
according to the 

number of sutures 
needed to close 

the hiatus. <3 cm 
= 1 suture, >3 cm 

= more than 1 
suture.

NM

Visick classification- 
Grade 1 – no  
symptoms, 

Grade 2-minimal 
symptoms, 

Grade 3- significant 
symptoms despite 

PPI that required life 
changes with  

physician help, 
Grade 4 – bad-worst 
symptoms compared 
to preoperative state 

despite PPI use 
Dysphagia scale (0 - 5)

Patients with Visick grade 3 and 4 were 
considered as recurrence. Difference 
between the groups was statistically 

significant in terms of recurrence at 2y 
follow-up. 

No significant difference in dysphagia 
between groups at 6m follow up.
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Zaninotto [23] 
2007

>1/3 intrathoracic 
stomach. 

Type III hernias.
NM NM

22% of patients reported dysphagia,  
regurgitation and retrosternal chest 
pain at a median follow-up of 71m. 

Dysphagia on post-operative day 2 was 
noticed in a patient due to erroneous 
positioning of mesh and partly due to 

tight fundoplication.

Soricelli [20] 
2009

Patients who  
underwent lap 

fundoplication for 
GERD with or  
without hiatal  
hernia were  

included.

NM

Demeester grading 
scale for reflux  

symptoms 
Long term satisfaction 
and QOL-GERD-HRQL

-All patients were symptom free at a 
mean follow-up of 105m. 

-QOL showed improvement in all groups 
with significant difference between 
groups S only and S reinforced with 

mesh and M only and suture reinforced 
with mesh groups.

Dallemagne [8] 
2011

>50% stomach 
above diaphragm, 
Type II-IV hernia.

Pyrosis, heart burn, 
regurgitation,  

dysphagia, chest 
pain, cough, asthma, 

dyspnea, anemia.

Symptom  
questionnaire 

Graded symptoms on 
4-point scale based 
on frequency-none, 

occasional, moderate, 
severe 
GIQL1 

Satisfaction score.

Significant improvement in pyrosis, 
chest pain, regurgitation, respiratory 
symptoms and anemia, dysphagia at 
a median follow-up of 118m. Did not 

stratify symptoms by group. 
No difference in QOL and satisfaction 

score between groups.

Goers [9] 2011

Types II, III, IV 
Patients with 

>30% of  
intrathoracic  

stomach,  
widened hiatus 
with thinning of 

hiatal pillars were 
considered for 

mesh placement.

Reflux symptoms, 
heart burn, dysphagia.

Frequency and  
severity grading scale 

(0 -4) with 3-4wks and 
6m follow-up.

At 3 - 4 weeks, suture group reported 
more heart burn and mesh group  
reported dysphagia and bloating. 

At 6m, suture group reported  
significantly more chest pain, abdominal 

pain, inability to belch to relieve  
discomfort and heart burn. 

Patients reported no significant increase 
in dysphagia with biological mesh.

Gouvas [12] 
2011

Type II, III, IV 
hernia’s

Heartburn, regurgita-
tion, dysphagia, chest 
pain, epigastric pain, 

chest discomfort, 
abdominal bloating.

Questionnaire-sever-
ity, frequency of each 
symptom (graded I-IV 
= no, mild, persistent, 

severe)

Significant improvement of reflux 
symptoms, dysphagia, chest discomfort 
at 3y follow-up. Symptoms not stratified 

by group. 
Dysphagia significantly lower in S group 
compared to M group at 12 m follow-up. 

Post-operative dysphagia grading 
significantly correlated to esophageal 

transit time.

Ozmen [19] 
2013

Size of hernia 
graded  

intraoperatively 
based on the no of 
sutures needed to 

close the hiatus (<3 
= Suture group, >3 

= Mesh group).

GIQLI-5 dimensions, 
gi symptoms, 

Emotional status, 
Physical functions, 

Social functions, 
Stress of medical 

treatment.

GIQLI GIQLI: no difference between groups
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Grubnick [14] 
2013

Based on HSA 
Small- hsa<10 cm2 

Large 
hsa-10-20 cm2 

Giant 
hsa>20 cm2

Pain, discomfort, 
heartburn, 

severe belching

Barium- anatomical R 
DeMeeter  

score- reflux  
recurrence 

Persistent dysphagia, if 
dysphagia >3m.

No significant difference in dysphagia 
between groups.

Schmidt [5] 
2014

Presence of gastric 
folds or hernia 

pouch above the 
diaphragm.

Heartburn, 
regurgitation,  

dysphagia, 
abdominal pain, 
bloating, Nausea, 

chest pain, 
odynophagia, Globus, 

throat clearing,  
laryngitis,  

hoarseness,  
aspiration, wheezing, 

coughing, dyspnea, 
sore throat, 
water bash.

Questionnaire scale: 
0 = never, 

1 = once/month, 
2 = once/week, 

3 = daily, 
4 = several times daily. 
Symptom scoring done 

at 6m and 1y  
post-operative.

Dysphagia, chest pain, aspiration, 
wheezing, sore throat significantly 

improved in S group but not M group at 
12m follow up.

Asti [6] 2016

-Hiatal defect >5 
cm. 

-Type III 
->30% of  

intrathoracic 
stomach.

NM GERD-HLQR  
questionnaire.

No difference in GERD-HRQL score 
between groups at median follow-up of 

24m (median).

Crespin [31] 
2016 NM

Heartburn, dysphagia, 
regurgitation,  

shortness of breath, 
chest pain.

Graded on a severity 
scale of 0 to 10, 

Frequency scale of 0-4 
Symptom  

questionnaire  
preoperatively and six 

months  
postoperatively.

Did not provide information on  
statistical symptom outcomes but  
reported percentage change when  

compared preoperatively. 
Heart burn and dysphagia were the only 
symptoms with no improvement in few 

patients who underwent relaxing  
incision along with mesh repair. Rest of 

the symptoms showed improvement. 
Did not compare symptoms between 

groups.

Sasse [28] 2016 Hiatal defect >6 cm NM GERD HRQL GERD HRQL had a median score of 6, in-
dicating a mild reflux symptomatology.

Koetje [1] 2017 Type II, III, IV  
hiatal hernia’s

Dysphagia, cough, 
dyspnea, chest pain, 

anemia, reflux.

Symptoms measured 
on 10-point visual 

analog scale 
Patient satisfaction on 

VAS 
GERD-hr-QOL 

QLQ-OES-24 for  
severity of dysphagia.

No significant difference between 
groups on all the measurements.

Howell [29] 
2018

Patients with  
paraesophageal 

hernias
NM NM NM

Table 2: Symptom outcomes. 
GERD: Gastroesophageal Reflux Disease; QOL: Quality of Life; VAS: Visual Analogue Scale; HAS: Hiatal Surface Area; GIQLI: Gastrointestinal 

Quality of Life Index; GERD-HRQL: GERD Health Related Quality of Life; GERD-hr-QOL: GERD Health Related Quality of Life; QOL-SF-36: 
Quality of Life-Short Form-36, QLQ-OES-24: Esophageal Module and Core Questionnaire; HH: Hiatal Hernia; NF: Nissen Fundoplication; NM: 

Not Mentioned; Wk: Week; m: Months; y: Years; Y/N: Yes/No; S: Suture Group; M: Mesh Group.
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Author Esophageal  
Lengthening

Cruroplasty 
Done/Suture 

Location

Mesh  
Placement Antireflex  

-Procedure
Type of 

Mesh Shape of Mesh

Carlson [18] 
1999

5 cm of esophageal 
mobilization. Y/Posterior Onlay NF N-Ab Oval Keyhole

Frantzides 
[24] 2002

4 – 5 cm of  
esophageal  

mobilization.
Y/Posterior Onlay NF N-Ab Oval Keyhole

Granderath 
[17] 2005 NM Y/Posterior Onlay NF N-Ab 1X3cm

Oelschlager 
[11,32] 

2006, 2011
Collis gastroplasty. Y/Posterior,  

anterior if needed Onlay NF Ab U-configuration

Watson [25] 
2015 Not done Y/Posterior,  

anterior if needed Onlay

NF, 
Posterior partial, 
Anterior partial, 

Type at surgeon’s 
discretion

Ab

N-Ab
Rectangular

Oor [7] 2018 Esophageal  
mobilized. Y/Posterior Onlay

270 posterior or 
180 anterior  

partial. At  
surgeon’s  
discretion.

N-Ab U-configuration

Ilyashenko 
[13] 2018

5 - 7 cm of intra 
-abdominal  
esophagus

Y/Posterior,  
anterior if needed Onlay NF

N-Ab 
Self-fixat-
ing mesh

U-shape

Kamolz [30] 
2002 NM Y/  

NM NM NF N-Ab 1x3

Champion 
[16] 2003 Collis gastroplasty Y/Posterior Onlay NF Tilley N-Ab 3x5

Muller-Stich 
[27] 2006 NM Y/Posterior Onlay

Toupets  
hemifundoplication 

NF 
Dor

N-Ab 
Partially 

absorbable
Butterfly

Ringley [26] 
2006

2 - 3 cm of intra 
-abdominal  
esophagus

Y/Anterior Onlay NF Ab U-shape

Morino [10] 
2006 Collis gastroplasty

S = Y 
M = N (tension 

free repair) 
Posterior

Mesh sutured to 
the crura with 

sutures.

NF 
Collis-NF N-Ab U shape

Jacobs [21] 
2007

3 – 4 cm of  
esophagus was 

mobilized into the 
abdomen

Y/ Posterior Onlay

NF 
TF 

No fundoplication 
in 6 patients

Ab NM
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Kepenekci 
[15] 2007

3 cm of intra-abdom-
inal esophagus

Y/ 
NM Onlay NF N-Ab U shape

Zaninotto 
[23] 2007 NM Y/ Posterior,  

Anterior if needed Onlay NF 
TF

N-Ab
Keyhole, square 

with 3cm 
hole cut in the 

middle

Soricelli [20] 
2009

4 cm of intrathoracic 
esophagus

S = Y 
M only = N 

S+M = Y 
NM

Onlay NF N-Ab 3 x 4

Dallemagne 
[8] 2011

Esophageal  
mobilization

Y/ Posterior,  
anterior if needed Onlay

NF (including  
Nissen rossetti) 
Partial posterior 
fundoplication

N-Ab

Ab
NM

Goers [9] 
2011

2.5 – 3 cm of  
intrathoracic 

esophagus
Y/ Posterior NM Partial  

fundoplicaton Ab Rectangular

Gouvas [12] 
2011

Esophagus was  
mobilized from 

cardia to level of 
pulmonary veins 

proximally

Y/ Posterior,  
anterior if needed Onlay

NF 
TF- if esophageal 
motility disorders

N-Ab

Keyhole  
(Polypropyl-

ene) 
U- shape (dual 

mesh)

Ozmen [19] 
2013

Gastroesophageal 
junction widely  

mobilized

Y/ 
NM Onlay NF

Double 
sided 

composite 
implant, 

Polypropyl-
ene on one 

side and 
silicon on 
the other. 

PTFE (1pt)

V shape

Grubnick 
[14] 2013

3cm of  
intraabdominal 

esophagus
Y/ Posterior Sub-lay NF

Partially 
absorbable 

mesh
Triangular

Schmidt [5] 
2014

3cm of  
intraabdominal 

esophagus
Y/ Posterior Onlay Gastric  

fundoplication Ab U-shape

Asti [6] 2016
3cmof  

intraabdominal 
esophagus

Y/ Posterior Onlay NF or TF Ab U- shape

Crespin [31] 
2016

3 cm of  
intraabdominal 

esophageal length

Y/ Posterior,  
anterior if  
necessary

Onlay mesh  
covering  

repaired crura 
and relaxing 

 incision

NF Ab

C shaped – 
positioned to 

cover the hiatal 
closure along 
with relaxing 

incision
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Sasse [28] 
2016

2 – 3 cm of distal 
esophagus freed 
below the crura

Complete or 
partial  

fundoplication
Onlay NM

Ab Horse shoe 
shape (10 x 15 

cm)

Koetje [1] 
2017 Esophagus mobilized Y/ Posterior,  

anterior if needed Onlay

NF 
180 anterior partial 

270  
posterior-partial

N-Ab U-configuration

Howell [29] 
2018 NM Y/ 

NM Onlay NF/ 
TF Ab U shape /  

Keyhole

Table 3: Surgery details. 
PTFE: Polytetrafluoroethylene; NF: Nissen Fundoplication; TF: Tilley Fundoplication; NM: Not Mentioned;  

N-Ab: Non-Absorbable Mesh; Ab: Absorbable Mesh; Y: Yes; M: Mesh Group; S: Suture Group. 

Author Recurrence Definition Recurrence 
Follow-Up Recurrence Reoperation Complication

Carlson [18] 
1999 NM 12 - 36m

R = 3 
S = 3(18.8%) 

M = 0
#2 No mesh related  

complications

Frantzides 
[24] 2002 NM 2.5y (median)

R = 8 
S = 8(22%) 

M = 0

#5

No mesh related  
complications

Granderath 
[17] 2005

Intrathoracic wrap  
migration 12m

R = 17 
S = 13(26%) 
M = 4(8%)

#4

M = 4 No mesh related  
complications

Oelschlager 
[11,32] 2006, 
2011

Vertical height of 
stomach > = 2cm above 

diaphragm or 
the need for  

reoperation secondary 
to warp disruption,  

herniation, migration.

2006 
6m 

2011 
58m  

(median)

2006

R = 16

S = 12 (24%)

M = 4 (9%)

2011

R = 34

S = 20 (59%)

M = 14 (54%)

2006-

#0

2011

#2

S = 2(3.5%)

M = 0

2006 
No mesh related  
complications. 

2011 
No mesh related  
complications.

Watson [25] 
2015

Stomach above the 
 diaphragm. 

Sub-analysis on size ≥ 2  
cm in vertical height.

12m

R = 26 
S =  

/39(23.1%) 
M (12 ab+ 5 Nab) = 17/78(21.8) 
Sub-analysis of > = 2 cm in height 

R = 5 
S = 3/39(7.7%) 
M = 2/78(2.6%)

#10

No mesh related  
complications.
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Oor [7] 2018

Stomach above the  
diaphragm. 

Sub-analysis of R in HH 
with vertical height of ≥ 

2 cm on UGI/EGD.

12m

R = 15

S = 7(19.4)

M = 8(25%)

IF >2 CM

R = 9

S = 5

M = 4 
Sub-analysis of R in pts with >50% 

of intrathoracic stomach

R = 6

S = 3

M = 3

#3(4.2%)

S = 2

M = 1
No mesh related  
complications.

Ilyashenko 
[13] 2018 NM 58 m(mean)

R = 11

M = 1

S = 10

2 (2%) No mesh related  
complications.

Kamolz [30] 
2002 NM 12m

S = 11

M = 1

#7

S = 6

M = 1

NM

Champion 
[16] 2003 NM 25m (mean) #1 

M = 1(1.9%)

#1 No mesh related  
complications

Muller-Stich 
[27] 2006 NM

Mean-52 ± 31

M = 20 ± 13m

S = 67 ± 24m

R = 7/52 
S = 19% (7/36) 

M = 0 (0/26) 
Symptomatic  

= 4/7 
-2 GERD 

-1 postprandial fullness 
-1 severe  
dyspnea

#2/56 (4%) No mesh related 
complications.

Ringley [26] 
2006

Fundoplication wrap 
herniation

S = 9.5m 
(mean) 

M = 6.7m 
(mean)

R = 2 
S = 2(9%)

NM No mesh related  
complications

Morino [10] 
2006

Any evidence of stomach 
herniation above the 

level of the diaphragm.

58m  
(median)

S = 10/13(77%) 
M = 13/37(35%) 
Collis NF = 0/14

S = 
5/13(38%) 

M = 
5/37(14%)

One esophageal 
perforation was 

reported on POD 12. 
Emergency  

esophagectomy with 
temporary esopha-

geal and digiuno sto-
ma was performed 

and intestinal  
continuity was 

restored by  
esophagocolonplasty 

after 6m.
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Jacobs [21] 
2007 NM

M = 3.2 y  
(median) 
S = 3.8y  

(median)

M = 3/92(3.3%) 
S = 12/59(20%) NM No mesh related  

complications

Kepenekci 
[15] 2007

Intra thoracic wrap  
migration 2 y

S = 19/313(6%) 
M+S = 3/164(1.8%)

6m

S = #18

Symp R = 18/18

Anat R = 10/18

M #4

Symp R = 4/4

Anat R = 4/4 
1yr-(includes 6m pts)

Symp R = 21 (S)

Anat R = 12 (S)

Symp R = 5 (M)

Anat R = 4 (M) 
2yrs (includes 6m and 1yr R pts)

Symp R = 26 (S)

Symp R = 5 (M)

#6

6m = 2 (S)

1y = 4 (S)

2y = 0

No mesh related  
complications

Zaninotto 
[23] 2007

Disruption of hiatus and 
migration of wrap

S = 64m  
(median) 
M = 33m  
(median)

#11/54

S = 8/19

M+S = 3/35 #5

1)Erroneous  
positioning of mesh 
on POD 2. Mesh was 

removed and  
repositioned and 

Toupet  
fundoplication was 

performed. 
2)Migration and  

erosion of prosthesis 
in esophagus after 
12m of insertion. 

Esophagectomy was  
performed.
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Soricelli [20] 
2009

Intrathoracic wrap 
migration

Mean-95.1 ± 
38.7m 

S = 95.2 ± 
49m 

M = 117.6 ± 
18m 

S+M = 69.3 ± 
17.6M

S = 9(9.6)

M = 2(1.8)

S+M = 1(1.1%)

S = 9/37 (19%)

(symp = 7, anat = 2)

M = 2/81 (2.4%)

(symp = 2, anat = 0)

S+M = 1/57 (1.8%)

(symp = 1, anat = 0)

#9

S = 6/9

M = 2/2

S+M = 1/1

Esophageal  
erosion was reported 
with polypropylene 
mesh in one patient 

at a mean follow 
up of 89.0 ± 29.8m. 
Mesh was removed 
without any further 

surgery or  
intervention

Dallemagne 
[8] 2011

Paraesophageal  
herniation or proximal 

migration of cardia 
 (sliding hiatal hernia 

were classified as <3 cm, 
3 – 5 cm, >5 cm.)

118m  
(median)

R = 23(66%)

<3cm = 13patients

3 – 5 cm = 10pts

>5cm = no recurrence

#2- for severe 
dysphagia 

and  
symptomatic 

R

No mesh related 
complications

Goers [9] 
2011 NM

M = 195.7 
± 80.1 days 

(mean) 
S = 287.8 ± 
173.1 days 

(mean)

NM S = 0/32 
M = 0/40

NM

Gouvas [12] 
2011 NM 12m

R = 7

S = 4/48(8%)

M = 3/20(15%)

S = 0/48(0) 
M = 

2/20(10%)

Esophageal stenosis 
in 4 patients. 

3 pts = esophageal 
dilatation 

1pt = reoperation 
(for erosion and 

scarring).
Ozmen [19] 
2013

Wrap herniation above 
the diaphragm 30.8m (mean) R = 1 

M = 1 1# No mesh related 
complications

Grubnick [14] 
2013

Migration of the  
stomach with or without 

wrap above the  
diaphragm  

(anatomical R) 
Esophagitis on  
Endoscopy and  

abnormal demeester 
score (Reflux R)

28.6m (mean)

#36

Small hernias = 9

Large hernias = 15

Giant hernias = 12

#10

Small = 4

Large = 5

Giant = 1

No mesh related 
complications

Schmidt [5] 
2014

>2 cm vertical height of 
stomach /wrap above 

the hiatus
12m

R = 5(16%)

S = 5

M = 0

#2

No mesh related 
complications
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Table 4: Recurrence outcomes. 
UGI endo: Upper Gastrointestinal Endoscopy; EGD: Esophagogastroduodenoscopy; POD: Post-Operative Day; NF: Nissen Fundoplication; 

NM: Not Mentioned; Symp R: Symptomatic Recurrence, Anat R: Anatomical Recurrence; R: Recurrence; S: Suture Group; M: Mesh Group; R: 
Recurrence; y: Year; m: Month. 

Asti [6] 2016
Vertical height of  

stomach >2 cm above 
the diaphragm

24m  
(median)

R = 12

M = 4

S = 12

#0 No mesh related 
complications

Crespin [31] 
2016

Intra-abdominal  
contents above the 

diaphragm

9m (median) R = 66

S = 21/36 (58%)

M = 36/94 (38%)

M+ Relaxing incision = 9/16 (56%)

#4

2- dysphagia 
2- symptom-

atic diaphrag-
matic hernia 
in left sided 

incision with 
biological 

mesh.

No mesh related 
complications

Sasse [28] 
2016 NM 37 m  

(median) R = 0 #0 No mesh related 
complications.

Koetje [1] 
2017 NM 39.3 ± 17.2m 

(mean)

Radiological R-46 (24.3%)

S = 30 (23.6%)

M = 16 (25.8%)

Symptomatic R-13.2%

S = 15 (11.8%)

M = 10 (16.1%)

#14 (7.4%)

S = 6 (6.3%)

M = 8 (9.7%)

No mesh related 
complications

Howell [29] 
2018 NM NM NM NM NM

Bibliography
1.	 Koetje JH., et al. “Equal patient satisfaction, quality of life and objective recurrence rate after laparoscopic hiatal hernia repair with 

and without mesh”. Surgical Endoscopy and Other Interventional Techniques 31.9 (2017): 3673-3680. 

2.	 Pfluke JM., et al. “Use of mesh for hiatal hernia repair: A survey of SAGES members”. Surgical Endoscopy and Other Interventional 
Techniques 26.7 (2012): 1843-1848. 

3.	 Menon S and Trudgill N. “Risk factors in the aetiology of hiatus hernia: a meta-analysis”. European Journal of Gastroenterology and 
Hepatology 23.2 (2011): 133-138. 

4.	 Furnée E and Hazebroek E. “Mesh in laparoscopic large hiatal hernia repair: A systematic review of the literature”. Surgical Endoscopy 
and Other Interventional Techniques 27.11 (2013): 3998-4008. 

5.	 Schmidt E., et al. “Hiatal hernia repair with biologic mesh reinforcement reduces recurrence rate in small hiatal hernias”. Diseases of 
the Esophagus 27.1 (2014): 13-17. 

https://www.ncbi.nlm.nih.gov/pubmed/28078457
https://www.ncbi.nlm.nih.gov/pubmed/28078457
https://www.ncbi.nlm.nih.gov/pubmed/22274928
https://www.ncbi.nlm.nih.gov/pubmed/22274928
https://www.ncbi.nlm.nih.gov/pubmed/21178776
https://www.ncbi.nlm.nih.gov/pubmed/21178776
https://www.ncbi.nlm.nih.gov/pubmed/23793804
https://www.ncbi.nlm.nih.gov/pubmed/23793804
https://www.ncbi.nlm.nih.gov/pubmed/23441634
https://www.ncbi.nlm.nih.gov/pubmed/23441634


24

Analysis of Outcomes of Prosthetic Reinforcement in Hiatal Hernia Repair: A Systematic Review

Citation: Collin E M Brathwaite., et al. “Analysis of Outcomes of Prosthetic Reinforcement in Hiatal Hernia Repair: A Systematic Review”. 
EC Gastroenterology and Digestive System 6.12 (2019): 01-26.

6.	 Asti E., et al. “Laparoscopic management of large hiatus hernia: five-year cohort study and comparison of mesh-augmented versus 
standard crura repair”. Surgical Endoscopy and Other Interventional Techniques 30.12 (2016): 5404-5409. 

7.	 Oor JE., et al. “Randomized clinical trial comparing laparoscopic hiatal hernia repair using sutures versus sutures reinforced with non-
absorbable mesh”. Surgical Endoscopy 32.11 (2018): 4579-4589. 

8.	 Dallemagne B., et al. “Laparoscopic repair of paraesophageal hernia: Long-term follow-up reveals good clinical outcome despite high 
radiological recurrence rate”. Annals of Surgery 253.2 (2011): 291-296. 

9.	 Goers TA., et al. “Paraesophageal Hernia Repair with Biomesh Does Not Increase Postoperative Dysphagia”. Journal of Gastrointestinal 
Surgery 15.10 (2011): 1743-1749. 

10.	 Morino M., et al. “Laparoscopic management of giant hiatal hernia: factors influencing long-term outcome”. Surgical Endoscopy 20.7 
(2006): 1011-1016. 

11.	 Oelschlager BK., et al. “Biologic prosthesis reduces recurrence after laparoscopic paraesophageal hernia repair: a multicenter, pro-
spective, randomized trial”. Annals of Surgery 244.4 (2006): 481-490. 

12.	 Gouvas N., et al. “Simple suture or prosthesis hiatal closure in laparoscopic repair of paraesophageal hernia: A retrospective cohort 
study”. Diseases of the Esophagus 24.2 (2011): 69-78. 

13.	 Ilyashenko V V., et al. “Laparoscopic management of large hiatal hernia: mesh method with the use of ProGrip mesh versus standard 
crural repair”. Surgical Endoscopy 32.8 (2018): 3592-3598. 

14.	 Grubnik V V., et al. “Laparoscopic repair of hiatal hernias: New classification supported by long-term results”. Surgical Endoscopy and 
Other Interventional Techniques 27.11 (2013): 4337-4346. 

15.	 Kepenekci I. “Laparoscopic fundoplication with prosthetic hiatal closure”. World Journal of Surgery 31.11 (2007): 2169-2176. 

16.	 Champion JK and Rock D. “Laparoscopic mesh cruroplasty for large paraesophageal hernias”. Surgical Endoscopy and Other Interven-
tional Techniques 17.4 (2003): 551-553. 

17.	 Granderath. “Laparoscopic Nissen Fundoplication with Prosthetic Hiatal Closure Reduces Postoperative Intrathoracic Wrap Hernia-
tion”. Archives of Surgery 140.1 (2005): 40-48. 

18.	 Carlson MA., et al. “Laparoscopic prosthetic reinforcement of hiatal herniorrhaphy”. Digestive Surgery 16.5 (1999): 407-410. 

19.	 Ozmen MM., et al. “Prospective evaluation of crural repair with and without double-sided mesh reinforcement”. Surgical Laparoscopy, 
Endoscopy and Percutaneous Techniques 24.4 (2014): 353-356. 

20.	 Soricelli E., et al. “Long-term results of hiatal hernia mesh repair and antireflux laparoscopic surgery”. Surgical Endoscopy 23.11 
(2009): 2499-2504. 

21.	 Jacobs M., et al. “Use of surgisis mesh in laparoscopic repair of hiatal hernias”. Surgical Laparoscopy, Endoscopy and Percutaneous 
Techniques 17.5 (2007): 365-368. 

22.	 Kamolz T., et al. “Laparoscopic Nissen fundoplication in patients with nonerosive reflux disease. Long-term quality-of-life assessment 
and surgical outcome”. Surgical Endoscopy 19.4 (2005): 494-500. 

23.	 Zaninotto G., et al. “Objective follow-up after laparoscopic repair of large type III hiatal hernia. Assessment of safety and durability”. 
World Journal of Surgery 31.11 (2007): 2177-2183. 

https://www.ncbi.nlm.nih.gov/pubmed/27129562
https://www.ncbi.nlm.nih.gov/pubmed/27129562
https://www.ncbi.nlm.nih.gov/pubmed/29766301
https://www.ncbi.nlm.nih.gov/pubmed/29766301
https://www.ncbi.nlm.nih.gov/pubmed/21217518
https://www.ncbi.nlm.nih.gov/pubmed/21217518
https://www.ncbi.nlm.nih.gov/pubmed/21773871
https://www.ncbi.nlm.nih.gov/pubmed/21773871
https://www.ncbi.nlm.nih.gov/pubmed/16763927
https://www.ncbi.nlm.nih.gov/pubmed/16763927
https://www.ncbi.nlm.nih.gov/pubmed/16998356
https://www.ncbi.nlm.nih.gov/pubmed/16998356
https://www.ncbi.nlm.nih.gov/pubmed/20659144
https://www.ncbi.nlm.nih.gov/pubmed/20659144
https://www.ncbi.nlm.nih.gov/pubmed/29423552
https://www.ncbi.nlm.nih.gov/pubmed/29423552
https://www.ncbi.nlm.nih.gov/pubmed/23877759
https://www.ncbi.nlm.nih.gov/pubmed/23877759
https://www.ncbi.nlm.nih.gov/pubmed/17610010
https://www.ncbi.nlm.nih.gov/pubmed/12582773
https://www.ncbi.nlm.nih.gov/pubmed/12582773
https://www.ncbi.nlm.nih.gov/pubmed/15655204
https://www.ncbi.nlm.nih.gov/pubmed/15655204
https://www.ncbi.nlm.nih.gov/pubmed/10567802
https://www.ncbi.nlm.nih.gov/pubmed/24743675
https://www.ncbi.nlm.nih.gov/pubmed/24743675
https://www.ncbi.nlm.nih.gov/pubmed/19343437
https://www.ncbi.nlm.nih.gov/pubmed/19343437
https://www.ncbi.nlm.nih.gov/pubmed/18049393
https://www.ncbi.nlm.nih.gov/pubmed/18049393
https://www.ncbi.nlm.nih.gov/pubmed/15959712
https://www.ncbi.nlm.nih.gov/pubmed/15959712
https://www.ncbi.nlm.nih.gov/pubmed/17726627
https://www.ncbi.nlm.nih.gov/pubmed/17726627


25

Analysis of Outcomes of Prosthetic Reinforcement in Hiatal Hernia Repair: A Systematic Review

Citation: Collin E M Brathwaite., et al. “Analysis of Outcomes of Prosthetic Reinforcement in Hiatal Hernia Repair: A Systematic Review”. 
EC Gastroenterology and Digestive System 6.12 (2019): 01-26.

24.	 Frantzides CT., et al. “A prospective, randomized trial of laparoscopic polytetrafluoroethylene (PTFE) patch repair vs simple cruro-
plasty for large hiatal hernia”. Archives of Surgery 137.6 (2002): 649-652.

25.	 Watson DI., et al. “Laparoscopic repair of very large hiatus hernia with sutures versus absorbable mesh versus nonabsorbable mesh a 
randomized controlled trial”. Annals of Surgery 261.2 (2015): 282-289. 

26.	 Ringley CD., et al. “Laparoscopic hiatal hernia repair with human acellular dermal matrix patch: our initial experience”. American 
Journal of Surgery 192.6 (2006): 767-772. 

27.	 Müller-Stich BP., et al. “Laparoscopic hiatal hernia repair: Long-term outcome with the focus on the influence of mesh reinforcement”. 
Surgical Endoscopy and Other Interventional Techniques 20.3 (2006): 380-384. 

28.	 Sasse KC., et al. “Hiatal Hernia Repair with Novel Biological Graft Reinforcement. JSLS”. Journal of the Society of Laparoendoscopic 
Surgeons 20.2 (2016): e2016.00016. 

29.	 Howell RS., et al. “Paraesophageal Hiatal Hernia Repair with Urinary Bladder Matrix Graft”. Journal of the Society of Laparoendoscopic 
Surgeons 22.2 (2018). 

30.	 Kamolz T., et al. “Dysphagia and quality of life after laparoscopic Nissen fundoplication in patients with and without prostetic rein-
forcement of the hiatal crura”. Surgical Endoscopy and Other Interventional Techniques 16.4 (2002): 572-577. 

31.	 Crespin OM., et al. “The use of crural relaxing incisions with biologic mesh reinforcement during laparoscopic repair of complex hiatal 
hernias”. Surgical Endoscopy and Other Interventional Techniques 30.6 (2016): 2179-2185. 

32.	 Oelschlager BK., et al. “Biologic Prosthesis to Prevent Recurrence after Laparoscopic Paraesophageal Hernia Repair: Long-term Fol-
low-up from a Multicenter, Prospective, Randomized Trial”. Journal of the American College of Surgeons 213.4 (2011): 461-468. 

33.	 Frantzides CT., et al. “Hiatal hernia repair with mesh: a survey of SAGES members”. Surgical Endoscopy 24.5 (2010): 1017-1024. 

34.	 Granderath FA., et al. “Laparoscopic antireflux surgery: Tailoring the hiatal closure to the size of hiatal surface area”. Surgical Endos-
copy and Other Interventional Techniques 21.4 (2007): 542-548. 

35.	 Zhang C., et al. “Systematic review and meta-analysis of laparoscopic mesh versus suture repair of hiatus hernia: objective and subjec-
tive outcomes”. Surgical Endoscopy and Other Interventional Techniques 31.12 (2017): 4913-4922. 

36.	 Dallemagne B., et al. “Treatment of giant paraesophageal hernia: pro laparoscopic approach. Hernia”. The Journal of Hernias and Ab-
dominal Wall Surgery 22.6 (2017). 

37.	 Granderath FA., et al. “Prosthetic closure of the esophageal hiatus in large hiatal hernia repair and laparoscopic antireflux surgery”. 
Surgical Endoscopy and Other Interventional Techniques 20.3 (2006): 367-379. 

38.	 Huddy JR., et al. “Laparoscopic repair of hiatus hernia: Does mesh type influence outcome? A meta-analysis and European survey 
study”. Surgical Endoscopy 30.12 (2016): 5209-5221. 

39.	 Koetje JH., et al. “Quality of life following repair of large hiatal hernia is improved but not influenced by use of mesh: Results from a 
randomized controlled trial”. World Journal of Surgery 39.6 (2015): 1465-1473. 

40.	 Rathore MA., et al. “Metaanalysis of recurrence after laparoscopic repair of paraesophageal hernia. JSLS”. Journal of the Society of Lapa-
roendoscopic Surgeons 11.4 (2007): 456-460.

https://www.ncbi.nlm.nih.gov/pubmed/12049534
https://www.ncbi.nlm.nih.gov/pubmed/12049534
https://www.ncbi.nlm.nih.gov/pubmed/25119120
https://www.ncbi.nlm.nih.gov/pubmed/25119120
https://www.ncbi.nlm.nih.gov/pubmed/17161091
https://www.ncbi.nlm.nih.gov/pubmed/17161091
https://www.ncbi.nlm.nih.gov/pubmed/16432659
https://www.ncbi.nlm.nih.gov/pubmed/16432659
https://www.ncbi.nlm.nih.gov/pubmed/27186066
https://www.ncbi.nlm.nih.gov/pubmed/27186066
https://www.ncbi.nlm.nih.gov/pubmed/29950797
https://www.ncbi.nlm.nih.gov/pubmed/29950797
https://www.ncbi.nlm.nih.gov/pubmed/11972190
https://www.ncbi.nlm.nih.gov/pubmed/11972190
https://www.ncbi.nlm.nih.gov/pubmed/26335079
https://www.ncbi.nlm.nih.gov/pubmed/26335079
https://www.ncbi.nlm.nih.gov/pubmed/21715189
https://www.ncbi.nlm.nih.gov/pubmed/21715189
https://www.ncbi.nlm.nih.gov/pubmed/19997755
https://www.ncbi.nlm.nih.gov/pubmed/17103275
https://www.ncbi.nlm.nih.gov/pubmed/17103275
https://www.ncbi.nlm.nih.gov/pubmed/28523363
https://www.ncbi.nlm.nih.gov/pubmed/28523363
https://www.ncbi.nlm.nih.gov/pubmed/29177588
https://www.ncbi.nlm.nih.gov/pubmed/29177588
https://www.ncbi.nlm.nih.gov/pubmed/16424984
https://www.ncbi.nlm.nih.gov/pubmed/16424984
https://www.ncbi.nlm.nih.gov/pubmed/27129568
https://www.ncbi.nlm.nih.gov/pubmed/27129568
https://www.ncbi.nlm.nih.gov/pubmed/25651955
https://www.ncbi.nlm.nih.gov/pubmed/25651955
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015848/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015848/


26

Analysis of Outcomes of Prosthetic Reinforcement in Hiatal Hernia Repair: A Systematic Review

Citation: Collin E M Brathwaite., et al. “Analysis of Outcomes of Prosthetic Reinforcement in Hiatal Hernia Repair: A Systematic Review”. 
EC Gastroenterology and Digestive System 6.12 (2019): 01-26.

41.	 Oelschlager BK., et al. “Laparoscopic Paraesophageal Hernia Repair: Defining Long-Term Clinical and Anatomic Outcomes”. Journal of 
Gastrointestinal Surgery 16.3 (2012): 453-459. 

42.	 Wang Z., et al. “Outcome for Asymptomatic Recurrence Following Laparoscopic Repair of Very Large Hiatus Hernia”. Journal of Gastro-
intestinal Surgery 19.8 (2015): 1385-1390. 

43.	 Memon MA., et al. “Suture cruroplasty versus prosthetic hiatal herniorrhaphy for large hiatal hernia: A meta-analys is and syste matic 
review of randomiz ed controlled trials”. Annals of Surgery 263.2 (2016): 258-266. 

44.	 Müller-Stich BP., et al. “Use of mesh in laparoscopic paraesophageal hernia repair: A meta-analysis and risk-benefit analysis”. PLOS 
ONE 10.10 (2015): 1-17. 

45.	 Vernissia Tam and Daniel Winger KN. “A systematic review and meta-analysis of mesh versus suture cruroplasty in laparoscopic large 
hiatal hernia repair”. The American Journal of Surgery 211.1 (2016): 226-238. 

Volume 6 Issue 12 December 2019
©All rights reserved by Collin E M Brathwaite., et al.

https://www.ncbi.nlm.nih.gov/pubmed/22215243
https://www.ncbi.nlm.nih.gov/pubmed/22215243
https://www.researchgate.net/publication/274262721_Outcome_for_Asymptomatic_Recurrence_Following_Laparoscopic_Repair_of_Very_Large_Hiatus_Hernia
https://www.researchgate.net/publication/274262721_Outcome_for_Asymptomatic_Recurrence_Following_Laparoscopic_Repair_of_Very_Large_Hiatus_Hernia
https://www.ncbi.nlm.nih.gov/pubmed/26445468
https://www.ncbi.nlm.nih.gov/pubmed/26445468
https://www.ncbi.nlm.nih.gov/pubmed/26469286
https://www.ncbi.nlm.nih.gov/pubmed/26469286
https://www.ncbi.nlm.nih.gov/pubmed/26520872
https://www.ncbi.nlm.nih.gov/pubmed/26520872

