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Structured Abstract

Background—Equipoise exists regarding whether mesh cruroplasty during laparoscopic large 

hiatal hernia repair improves symptomatic outcomes compared to suture repair.

Data Source—Systematic literature review (MEDLINE and EMBASE) identified 13 studies 

(1194 patients; 521 suture and 673 mesh) comparing mesh versus suture cruroplasty during 

laparoscopic repair of large hiatal hernia. We abstracted data regarding symptom assessment, 

objective recurrence, and reoperation and performed meta-analysis.

Conclusions—The majority of studies reported significant symptom improvement. Data were 

insufficient to evaluate symptomatic versus asymptomatic recurrence. Time to evaluation was 

skewed toward longer follow-up after suture cruroplasty. Odds of recurrence (OR 0.51, 95% CI 

0.30–0.87; overall p=0.014) but not need for reoperation (OR 0.42, 95% CI 0.13–1.37; overall 

p=0.149) were less after mesh cruroplasty. Quality of evidence supporting routine use of mesh 

cruroplasty is low. Mesh should be used at surgeon discretion until additional studies evaluating 

symptomatic outcomes, quality of life and long-term recurrence are available.
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Introduction

Laparoscopic repair of large hiatal hernia is a technically demanding procedure requiring 

significant experience in advanced foregut surgery. The tenets of repair shared by most high-

volume surgeons include complete mediastinal sac reduction, mobilization of at least 2–3 

cm of tension-free intraabdominal esophagus, and tension-free hiatal closure.(1) Difficulty 

Corresponding Author: Katie S. Nason, MD, MPH, 5200 Centre Ave, Suite 715, Shadyside Medical Building, University of 
Pittsburgh, Phone: 412-623-2025, nasonks@upmc.edu. 

Conflicts: The authors have no conflicts of interest to disclose.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Am J Surg. Author manuscript; available in PMC 2017 January 01.

Published in final edited form as:
Am J Surg. 2016 January ; 211(1): 226–238. doi:10.1016/j.amjsurg.2015.07.007.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



achieving tension-free closure and unacceptably high recurrence rates with a laparoscopic 

approach prompted exploration of mesh reinforcement to improve hiatal closure durability. 

Several early studies, including three randomized controlled trials, reported reduced 

objective recurrence rates with mesh cruroplasty.(2–4) More recent reports, however, suggest 

that long-term durability comparing mesh with suture cruroplasty does not differ 

significantly.(5) In addition, though rare, major complications and deaths from mesh 

cruroplasty have been reported.(6, 7)

Thus, equipoise exists regarding routine use of mesh for crural reinforcement during 

laparoscopic repair of large hiatal hernia. Additionally, a critical and unanswered question is 

whether objective recurrences (i.e. identified on routine barium esophagram) influence 

symptomatic relief and need for re-intervention, which are the outcomes of interest when 

examined from the patient perspective. Therefore, our study aim was to determine whether 

mesh cruroplasty was associated with differential outcome compared to suture cruroplasty in 

the operative management of large hiatal hernia using systematic literature review and meta-

analysis. The study population consisted of patients with large hiatal hernia who underwent 

laparoscopic repair. Outcomes included symptoms, rates of recurrence and reoperation, and 

symptoms associated with objective recurrence.

Methods

Systematic literature review was performed using MEDLINE and EMBASE to identify 

studies addressing the repair of large hiatal hernias with synthetic reinforcement. Reference 

lists of eligible studies were reviewed for additional studies meeting inclusion criteria. The 

final query date was October 12, 2013. Data were independently abstracted by two 

reviewers. Operative details, including the number and location of sutures for suture 

cruroplasty, and the type and shape of mesh used for reinforcement were extracted. Surgical 

quality metrics were assessed, including documentation of sac reduction, esophageal 

mobilization and tension-free crural closure. Symptom assessment methods, such as 

scheduled time to evaluation, use of standardized scales, symptom outcomes and reporting 

of long-term adverse outcomes were recorded. Primary outcomes for meta-analysis were 

rates of objective recurrence and need for reoperation for recurrent hernia or symptoms. The 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) system 

was used to assess study quality;(8–10) systematic review and meta-analysis was performed 

according to PRISMA statement guidelines.(11)

Statistical analysis

Statistical analysis consisted of meta-analysis applied to rates of hiatal hernia recurrence and 

rates of reoperation from all included studies. These rates were calculated by technique 

(mesh versus suture cruroplasty) and summarized as an odds ratio. Due to concerns about 

variations between study characteristics such as hernia definition and approach to repair, a 

random effects meta-analysis model was selected to adjust the meta-analytic weights for 

possible effect size heterogeneity. I2 heterogeneity statistic was computed for each meta-

analysis, with pre-defined determinations of low, moderate, and high heterogeneity at I2 = 

25%, 50%, and 75%, respectively.(12) P < 0.05 was set for statistical significance, 
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corresponding to 95% confidence intervals for the summarized meta-analysis odds ratio 

estimate. All analysis was performed in Stata 13.1, with the assistance of the user-written 

“metan” command for meta-analysis.(13, 14)

Results

Identification, screening, eligibility and inclusion details are shown in Figure 1. Articles 

were included if 1) they focused on large hiatal hernia repair in adults and/or provided data 

for the subsets of adult patients with large hiatal hernia; 2) compared mesh to non-mesh 

repair; and 3) examined differences in hernia recurrence. If two manuscripts reported on the 

same cohort of patients, the manuscript with the longest clinical follow-up time was 

included. Review of references for additional manuscripts was performed. Thirteen 

publications meeting inclusion criteria were identified: 3 randomized controlled trials(2, 3, 

5) and 10 observational studies (4 prospective;(15–18) 4 retrospective;(19–22) and 2 with 

design not specified.(23, 24) Study quality using the GRADE Working Group approach was 

performed (Table 1). Objective definition of large hiatal hernia varied between studies and 

was not specified in three; six studies defined a minimum defect size ranging from 5 to 8 cm 

or greater. Three studies used percent of gastric herniation (range 30% to 50% or greater). 

One study used a hiatal surface area of >10 cm2. (Table 2)

Approach to laparoscopic large hiatal hernia repair

Twelve of 13 studies specifically described hernia sac reduction and nine studies described 

extensive esophageal mobilization. The described length of necessary intra-abdominal 

esophagus ranged from 2.5 to 5cm. Gouvas described esophageal mobilization carried to the 

inferior pulmonary veins without a specified length of intraabdominal esophagus.(23) 

Oelschlager reported use of Collis gastroplasty at the discretion of the surgeon,(5) while 

Goers elected to exclude these patients.(16) Nine studies reported posterior placement of 

cruroplasty sutures, and 63% (5 of 8) reported use of 2–3 sutures (range 2 to 8). (Table 2) 

Three studies placed an additional anterior suture if the crura remained splayed after 

posterior cruroplasty.(5, 18, 23) The types of mesh and mesh shape varied widely within and 

across studies. (Table 2)

Symptom assessment after laparoscopic repair of large hiatal hernia

Symptom assessment, outcomes and assessment metrics from individual studies were 

reviewed (Table 3). Symptom assessment prior to and following laparoscopic repair was 

reported in only 1 of 3 randomized controlled trials. Among the observational studies, only 5 

(50%) reported pre- and postoperative symptoms stratified by repair type. In the Oelschlager 

randomized trial,(5) a standardized symptom questionnaire was used pre- and post-

operatively to assess changes in symptoms, and quality of life was assessed using the 36-

item Health Survey (SF-36).(25, 26) They found similar symptom severity at nearly 5-years 

of follow-up between the mesh and suture groups, with significant improvement in symptom 

frequency and severity compared to preoperative values. Only dysphagia in the suture group 

was unchanged from baseline measures.
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Of the 10 observational studies, eight reported significant improvement in the majority of 

preoperative symptoms, including heartburn, regurgitation, dysphagia, chest discomfort, 

chest pain, and other respiratory or cardiac symptoms.(5, 15, 17, 19, 21–23) Two studies 

reported that significantly more patients who received mesh complained of dysphagia in 

early follow-up compared to patients with suture repair.(16, 23) Stable dysphagia in the 

overall group was reported by Braghetto.(15)Six studies assessed pre- and post-operative 

symptoms by cruroplasty types,(5, 16, 17, 19, 21, 23) including varying combinations of 

heartburn, regurgitation, chest pain, dysphagia, abdominal pain, bloating, nausea, vomiting, 

early satiety, dyspnea, arrhythmias, anemia, and hoarseness. Eight studies performed 

symptom assessment based on presence/absence, severity, and/or frequency without 

validated symptom measures. For example, Dallemagne and colleagues found significant 

improvement in rates (present/absent) of heartburn, chest pain, regurgitation, respiratory, 

anemia (<p<0.001) and dysphagia (p<0.05) for all patients. In their study, mean satisfaction 

scores were similar (90 versus 100 comparing mesh to suture; p=0.522).(19) In comparison, 

Ringley and colleagues examined the symptom frequency (never, once a month, once a 

week, once a day, and several times a day) and found that pre- and postoperative mean 

symptom frequency scores (heartburn, regurgitation, dysphagia, chest pain, and hoarseness) 

were improved in both mesh and suture groups. Mean scores were less than 1 (less than once 

a month or never) for all symptoms assessed in both groups postoperatively, but were not 

compared between the two groups. Postoperative dysphagia requiring dilation was a 

complaint for 1 patient in each group.(17) Zaninotto and colleagues did not stratify 

symptoms by repair type and reported rates of postoperative symptoms without comparison 

to preoperative symptoms. They found that 22% of patients reported dysphagia, retrosternal 

discomfort, and regurgitation. One patient with severe dysphagia immediately 

postoperatively required reoperation and was found to have malpositioned mesh. In their 

study, dysphagia and/or chest/upper abdominal pain were considered surgical failures.(18)

A paired analysis comparing pre- and post-operative symptoms was performed in only 1 

study.(23) Heartburn, regurgitation, dysphagia, chest pain, epigastric or chest discomfort, 

and abdominal bloating were graded using a combined severity/frequency scale: grade 0 

(absent); grade I (mild and less than 2 episodes per week); grade II (moderate severity 2 – 7 

times a week); grade III (constant); and grade IV (persistent, severe, and incapacitating). 

Respiratory and cardiovascular symptoms were assessed separately. The proportion of 

patients reporting any symptom and in the symptom grade for all of symptoms at 3, 6, 12 

months, and 3 years postoperatively improved significantly, but the proportion with new or 

unchanged symptoms was not reported.

In contrast to the studies above, 3 studies used validated symptom scales, including the 

Gastroesophageal Reflux Disease Health-Related Quality of Life (GERD-HRQL) scale,(27, 

28) and the Gastrointestinal quality of life index and satisfaction scale.(29) Using the 

GERD-HRQL scale (defined in Table 3), Soricelli and colleagues reported significant 

improvement compared to baseline scores. Stratified by repair type, they found that overall 

GERD-HRQL score was statistically lower after suture plus on-lay mesh compared to suture 

cruroplasty (2.6 ± 7.0 versus 4.0 ± 6.6; p=0.04). They also found that suture plus on-lay 

mesh had a lower score compared to mesh alone (2.6 ± 7.0 versus 4.2 ± 8.2; p=0.03) while 

suture versus mesh alone was not statistically different. Morino and colleagues used the 
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GERD-HRQL scale and the Visick classification to rank the outcome of surgery (defined in 

Table 3); at a median follow-up of 58 months, 65% of patients reported no symptoms, 11% 

reported minimal symptoms without lifestyle changes or need to see a physician, 15% 

reported significant symptoms requiring physician input and lifestyle changes and 9% 

reported symptoms as bad or worse than preoperatively. The paper did not stratify by 

treatment type or provide the results of the GERD-HRQL scale that was reportedly used for 

symptom monitoring. Ten patients had dysphagia with recurrence and underwent 

reoperation; there were equal numbers of reoperation in each group. Five patients had 

persistent heartburn but treatment was not described. Thirteen patients with recurrence were 

asymptomatic.

In addition to substantial variability in approach to symptom assessment, the time-frame for 

follow-up was skewed toward much longer symptom and objective follow-up in the suture 

group, likely due to the shift in practice from primarily suture to primarily mesh over time. 

(Tables 3 and 4) Only 4 of 13 studies reported time to symptom assessment stratified by 

repair type,(16, 17, 19, 21) while the remaining provided a range, median, mean, or did not 

report. Of those that reported this metric, median time to symptom assessment varied greatly 

(6.5 months to 151 months).(3, 5, 15–24)

Only 6 of 13 studies reported the presence or absence of long-term adverse outcomes. Two 

studies specifically reported the absence of any mesh-related erosions, although the study by 

Oelschlager mentioned this only in the discussion and not in the results, while Grubnik and 

colleagues stated that there were no cases of esophageal stricture with either repair type.(3, 

5, 24) Three studies reported 6 mesh-related complications including 1 mesh erosion 

requiring esophagectomy,(18) 1 unspecified complication requiring mesh removal,(22) 3 

patients with esophageal stenosis due to mesh-induced fibrosis with a 4th case of esophageal 

stricture and erosion requiring esophageal resection and reanastomosis.(23) In the studies 

reporting mesh-related complications, Goretex™,(18) and polypropylene mesh(22, 23) were 

used. Synthetic mesh was also used in the studies by Frantzides(3) and Grubnik,(24) who 

reported no mesh related complications or esophageal strictures, respectively, while 

Oelschlager and colleagues utilized biosynthetic mesh material.(5) (Table 2)

Hernia recurrence and reoperation rates

Five of 13 studies provided a definition of hernia recurrence. Morino and colleagues 

described any general evidence of gastric herniation above the level of the diaphragm,(20) 

while Oelschlager defined a maximum vertical height greater than 2 cm from the level of the 

diaphragm adjacent to the fundoplication to the top of the wrap.(5) All but one study used 

contrast esophagram to assess recurrence outcomes. Six studies used a combination of 

esophagram, esophagogastroduodenoscopy (EGD), manometry, and pH testing to monitor 

for anatomic recurrence. Time to objective follow-up stratified by cruroplasty type was 

available in only 4 studies. (Table 4)

Overall, 49 recurrences and 13 reoperations were reported after mesh cruroplasty. Of 673 

patients having mesh repair, follow-up evaluation was reported for 354 (53%); Carlson and 

Soricelli reported reoperations and recurrences, but not the number of patients undergoing 

followup evaluation for either mesh or suture cruroplasty.(2, 22) (Table 4) The overall 
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recurrence rate after mesh cruroplasty, therefore, is 13% (46/354), with a reoperation rate of 

3.7%. In comparison, 103 recurrences and 31 reoperations were reported after repair with 

suture cruroplasty. Of 521 patients having suture repair, follow-up evaluation was reported 

for 382 (73%). The overall recurrence rate after suture cruroplasty was 24% (91/382) and the 

reoperation rate was 6% (23/382). The proportion of patients available for evaluation in 

followup was significantly greater following suture cruroplasty compared to mesh 

cruroplasty (73% vs 53%; p=0.0001). Frantzides, Zaninotto and Grubnik reported 

significantly lower rates of recurrence with mesh cruroplasty, ranging from 7 to 33% 

absolute difference compared to suture cruroplasty (p<0.05).(3, 18, 24) In contrast, 

Braghetto, Dallemagne, and Oelschlager did not find a statistically significant difference in 

rates of recurrence.(5, 15, 19) The remaining studies did not publish a comparison of 

recurrence rates. In the Morino study, 16 (of 23) recurrences were identified at the 3 month 

follow-up.(20) Two studies found a statistically significant decrease in reoperation rates with 

mesh cruroplasty. (22, 24)

Meta-analysis for odds of hernia recurrence with mesh cruroplasty compared to suture 

cruroplasty was performed, including 11 of 13 studies.(3, 5, 15, 17–21, 23, 24) Odds of 

hiatal hernia recurrence were 49% less after mesh cruroplasty, relative to the baseline group 

of suture cruroplasty (Figure 2. OR 0.51, 95% CI 0.30–0.87; p=0.014). Combining 8 studies 

that reported rates of reoperation,(3, 5, 19–24) odds of reoperation following hernia repair 

were 58% less after mesh cruroplasty, relative to the baseline group of suture cruroplasty, but 

did not reach statistical significance (Figure 3. OR 0.42, 95% CI 0.13–1.37; p=0.149).

Assessment for symptoms associated with recurrence

Of 11 studies that compared pre- and post-operative symptoms, 8 studies reported excellent 

symptomatic results after both mesh and suture repairs despite high rates of reported hernia 

recurrence.(5, 15, 17–19, 21–23) For example, despite recurrence rates of 54% and 59% in 

mesh and suture repairs, respectively, Oelschlager found no difference in symptom 

complaints or quality of life.(5) Similarly, Dallemagne found that there were no differences 

in Gastrointestinal Quality of Life scores between the groups with and without recurrence 

(116 vs. 115, respectively, p=0.36).(19) Only 5 studies provided rates of symptomatic 

recurrence; 100% (8/8) of recurrences were symptomatic as reported by Frantzides,(3) while 

67% (2/3) were symptomatic in the Carlson study,(2) 57% in both the Gouvas (4 of 7) (23) 

and Muller-Stich (4 of 7) (21) studies, and 73% (11/15) in the study by Zaninotto and 

colleagues.(18) Only Grubnik and colleagues reported symptomatic recurrences stratified by 

repair type, however; 92% (11/12) of recurrences in the suture group and 88% (7/8) in the 

mesh group were symptomatic.(24) Recurrence-associated symptoms included chest pain, 

early satiety, lower physical functioning by SF-36, and dysphagia.(5, 20) Overall, given the 

lack of direct comparisons in the published studies, there was insufficient data to draw 

conclusions regarding whether objective recurrence was significantly associated with worse 

symptom outcomes.
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Discussion

Using systematic review and meta-analysis, we have shown that data available to address the 

question of whether routine mesh cruroplasty is indicated in repair of large hiatal hernia is 

heterogeneous, with tremendous variability in several areas, including the definition of both 

large hiatal hernia and hernia recurrence, the approach to symptom assessment and objective 

evaluation of recurrence, and reporting of re-intervention. Patient-centered outcomes, 

including comparison of pre- and postoperative symptoms and determination of 

symptomatic recurrences, were rarely assessed and mesh-related complications were rarely 

reported. Objective follow-up was substantially shorter after mesh compared to suture 

cruroplasty, with only half of the mesh patients available for followup, compared to nearly 

75% of suture patients. Taking these limitations into account, meta-analysis for recurrence 

favored mesh cruroplasty during laparoscopic large hiatal hernia repair to reduce short-term 

and reoperation rates, while neither approach was favored when considering need for 

reoperation.

Symptom assessment after laparoscopic repair of large hiatal hernia

When we evaluated studies for their approach to symptom assessment and symptom 

outcomes, we found that data regarding comparisons of symptom relief were inadequate or 

unavailable in the majority of studies, while only 1(23) used paired analysis, making it 

difficult to aggregate symptom data from different studies and to determine whether 

symptom complaints were new, unchanged, or resolved. The failure of all but one study to 

use paired analysis in comparing pre- and post-operative symptoms is particularly important 

given the loss of patients to follow-up, which can be very high in the observational studies 

and even in randomized controlled trials. When unpaired analysis is used, the proportions of 

patients within each group are compared, but the preoperative symptoms may not be from 

the same group of patients as the postoperative symptom assessments. In addition, the 

changes in symptoms within a patient are not assessed. For example, if patient ‘A’ reports 

preoperative heartburn but is not available for postoperative symptom assessment while 

patient ‘B’ did not have preoperative symptom assessment, but denies heartburn 

postoperatively, heartburn control is 100%, but symptom resolution for patient ‘A’ is, in fact, 

unknown. This limitation is overcome with paired analysis; by including only patients with 

preoperative and postoperative symptom assessment and accounting for repeated measures 

within a patient, one is able to discern whether an individual patient has symptom resolution, 

persistent symptoms or new symptoms. From the perspective of the patient, the likelihood of 

symptom resolution and new symptoms is much more relevant and important than a simple 

observation of the change in proportions within a group of patients compared to preoperative 

symptoms. Equally important, paired analysis provides a true measure of the proportion of 

patients with symptom resolution and new symptoms following large hiatal hernia repair.

Recurrence and reoperation after laparoscopic repair of large hiatal hernia

Our findings are similar to previously published meta-analyses with regard to differences in 

recurrence, but extended the systematic review to include a critical assessment of the 

adequacy of patient-reported outcomes measures as described above. A meta-analysis of 3 

randomized trials by Antoniou and colleagues found a 4-fold increased risk of recurrence in 
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primary suture closure, with weighted mean recurrence rates of 24.3% after suture repair and 

5.8% following mesh-reinforced repair.(30) The initial meta-analysis used 6 month 

outcomes data from the Oelschlager study. When the 5-year Oelschlager data were used 

instead, odds of hernia recurrence dropped by nearly 50%, from 4.2 times higher in the 

suture group down to only 2.3 times higher(4, 5) (OR 4.2; 95% CI 1.8–9.5 vs. OR 2.3; 95% 

CI 1.2–5.1, respectively), which is very similar to the 49% reduction in odds of recurrence 

with mesh cruroplasty compared to suture in our meta-analysis. Interestingly, in the 

Oelschlager trial, patient-reported outcomes remained good to excellent, and reoperations 

were low (0 in mesh group and 2 in non-mesh). These findings suggest that the durability of 

repair with bioprosthetic mesh and suture cruroplasty decays over time and that objective 

recurrence may not be as important a quality metric as has been assumed for the past decade. 

Importantly, the 5-year follow-up in their study is nearly twice as long as the time to follow-

up for the majority of the mesh cruroplasty patients included in the current meta-analysis, 

suggesting that much longer follow-up is needed to determine true differences in recurrence 

rates.

Furnee and colleagues also published a meta-analysis of 1264 patients in 26 studies, 

including the three randomized trials in the present study, with 924 mesh and 340 suture 

cruroplasty patients.(31). They also found significant differences in recurrence between 

groups (26.3% after suture and 14.6% after mesh cruroplasty). Their study included 16 

cohort studies, however, which only reported patients repaired with mesh cruroplasty. 

Representing 67% of the overall mesh group, these patients did not have suture controls. 

Given our finding of significant heterogeneity in approach to repair, hernia and recurrence 

definitions, and symptom assessment, observed differences between groups could reflect 

true differences in repair durability or, alternatively, differences in these other variables.

Our meta-analysis did not favor mesh cruroplasty over suture cruroplasty with regard to the 

odds of reoperation. The available data for analysis were limited, with only 8 studies 

reporting re-intervention. In the 2 studies that found a statistically significant difference 

between groups in their reoperation rates, there were a total of 4 reoperations in the mesh 

group and 11 in the suture group. Importantly, 4 reoperations were required specifically for 

mesh-related complications such as erosion, and mesh-induced fibrosis.(18, 22, 23) 

Interestingly, all 3 studies with reported long-term adverse outcomes used synthetic mesh. 

This may reflect the a true low risk of erosion and infection with biological mesh, but the 

lack of reporting on this outcome did not allow further exploration of this in the current 

studies. As such, the true rate of mesh-related complications after prosthetic reinforcement 

of hiatal closures cannot be determined from the current review, but has been reported to 

range from 1.3% to 20%.(32) A 28-case series of mesh complications after prosthetic 

reinforcement of hiatal closure was published by Stadlhuber and colleagues.(32) Mesh-

related complications presented at an average of 17.3 months (range 1 to 120 months) after 

operation, with associated dysphagia, heartburn, chest pain, fever, epigastric pain, and 

weight loss. Twenty-three required reoperation for mesh removal; the intraoperative findings 

included 17 cases of mesh erosion, 6 cases of hiatal stenosis and 5 cases of dense fibrosis. 

Esophagectomy (n=7), partial gastrectomy (n=2), and total gastrectomy (n=1) were required. 

These types of complications, though rare, have a substantial impact on patient quality of 

life and can result in need for major interventions, such as esophagectomy, or death.
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Assessment for symptoms associated with recurrence

With the limitations of available symptom assessment in mind, the next issue is whether 

objective recurrence, as seen on barium esophagram, is associated with worse symptom 

outcomes. Unfortunately, the studies included in this systematic review did not address this 

question adequately. Oelschlager evaluated symptomatic recurrences for the entire cohort 

and found that symptom relief was similar whether objective recurrence was noted or not, 

but did not stratify the data by type of repair or perform paired symptom analysis. As such, 

assessment of new or recurrent symptoms associated with objective recurrence was not 

possible.(5) Of all the reviewed studies, only Grubnik and colleagues provided rates of 

symptomatic recurrence stratified by type of repair; in contrast to the long-term outcomes 

from the Oelschlager trial, they found that the majority of recurrences were symptomatic.

(24) Overall, this systematic review provide insufficient data to compare the results of 

durable symptom relief and new or persistent symptoms.

Conclusions regarding the evidence for routine use of mesh cruroplasty

In summary, available evidence supporting mesh cruroplasty during laparoscopic repair of 

large hiatal hernia is of low quality and potentially biased by a lack of hernia recurrence 

definition and differences in time to objective follow-up between mesh and suture 

cruroplasty groups. The significant variability between studies posed a challenge to compare 

and merge patient characteristics and outcomes. This limits the quality of the meta-analysis 

and ability to provide generalizable conclusions and recommendations. Future studies 

should focus on patient-related outcomes, using validated measures of symptoms assessment 

and quality of life and paired analysis strategies. Additional outcomes of interest for future 

studies should include reoperation rates for symptomatic hernia recurrence and/or symptoms 

as well as other postoperative interventions such as need for anti-reflux medications and 

endoscopic procedures. Until such studies are available, the evidence to support routine use 

of mesh cruroplasty in laparoscopic repair of large hiatal hernias is weak and cannot be 

recommended. Use of mesh for reinforcement of the cruroplasty should be performed at the 

discretion of the surgeon.

References

1. Nason KS, Luketich JD, Witteman BP, Levy RM. The laparoscopic approach to paraesophageal 
hernia repair. J Gastrointest Surg. 2012 Feb; 16(2):417–26. [PubMed: 22160778] 

2. Carlson MA, Richards CG, Frantzides CT. Laparoscopic prosthetic reinforcement of hiatal 
herniorrhaphy. Digestive Surgery. 1999; 16(5):407–10. [PubMed: 10567802] 

3. Frantzides CT, Madan AK, Carlson MA, Stavropoulos GP. A prospective, randomized trial of 
laparoscopic polytetrafluoroethylene (PTFE) patch repair vs simple cruroplasty for large hiatal 
hernia. Archives of Surgery. 2002; 137(6):649–52. [PubMed: 12049534] 

4. Oelschlager BK, Pellegrini CA, Hunter J, et al. Biologic prosthesis reduces recurrence after 
laparoscopic paraesophageal hernia repair: A multicenter, prospective, randomized trial. Annals of 
Surgery. 2006; 244(4):481–8. [PubMed: 16998356] 

5. Oelschlager BK, Pellegrini CA, Hunter JG, et al. Biologic prosthesis to prevent recurrence after 
laparoscopic paraesophageal hernia repair: Long-term follow-up from a multicenter, prospective, 
randomized trial. Journal of the American College of Surgeons. 2011; 213(4):461–8. [PubMed: 
21715189] 

6. Tatum RP, Shalhub S, Oelschlager BK, Pellegrini CA. Complications of PTFE mesh at the 
diaphragmatic hiatus. Journal of Gastrointestinal Surgery. 2008; 12(5):953–7. [PubMed: 17882502] 

Tam et al. Page 9

Am J Surg. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Nandipati K, Bye M, Yamamoto SR, et al. Reoperative intervention in patients with mesh at the 
hiatus is associated with high incidence of esophageal resection--a single-center experience. J 
Gastrointest Surg. 2013 Dec; 17(12):2039–44. [PubMed: 24101448] 

8. Balshem H, Helfand M, Schünemann HJ, et al. GRADE guidelines: 3. Rating the quality of 
evidence. Journal of clinical epidemiology. 2011 Apr; 64(4):401–6. [PubMed: 21208779] 

9. Guyatt GH, Oxman AD, Schünemann HJ, et al. GRADE guidelines: A new series of articles in the 
Journal of Clinical Epidemiology. Journal of clinical epidemiology. 2011 Apr; 64(4):380–2. 
[PubMed: 21185693] 

10. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of 
evidence and strength of recommendations. 2008 Apr 24.26:924–6.

11. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews 
and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. 
Journal of clinical epidemiology. 2009 Oct; 62(10):e1–34. [PubMed: 19631507] 

12. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bmj. 
2003 Sep 6; 327(7414):557–60. [PubMed: 12958120] 

13. Harris R, Bradburn M, Deeks J, et al. metan: fixed- and random-effects meta-analysis. Stata 
Journal. 2008; 8(1):3–28.

14. StataCorp. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP; 2013. 

15. Braghetto I, Korn O, Csendes A, et al. Postoperative results after laparoscopic approach for 
treatment of large hiatal hernias: Is mesh always needed? Is the addition of an antireflux procedure 
necessary? International Surgery. 2010; 95(1):80–7. [PubMed: 20480847] 

16. Goers TA, Cassera MA, Dunst CM, Swanstrom LL. Paraesophageal Hernia Repair with Biomesh 
Does Not Increase Postoperative Dysphagia. Journal of Gastrointestinal Surgery. 2011; 15(10):
1743–9. [PubMed: 21773871] 

17. Ringley CD, Bochkarev V, Ahmed SI, et al. Laparoscopic hiatal hernia repair with human acellular 
dermal matrix patch: our initial experience. Am J Surg. 2006 Dec; 192(6):767–72. [PubMed: 
17161091] 

18. Zaninotto G, Portale G, Costantini M, et al. Objective follow-up after laparoscopic repair of large 
type III hiatal hernia. Assessment of safety and durability. World Journal of Surgery. 2007; 31(11):
2177–83. [PubMed: 17726627] 

19. Dallemagne B, Kohnen L, Perretta S, et al. Laparoscopic repair of paraesophageal hernia: Long-
term follow-up reveals good clinical outcome despite high radiological recurrence rate. Annals of 
Surgery. 2011; 253(2):291–6. [PubMed: 21217518] 

20. Morino M, Giaccone C, Pellegrino L, Rebecchi F. Laparoscopic management of giant hiatal hernia: 
Factors influencing long-term outcome. Surgical Endoscopy and Other Interventional Techniques. 
2006; 20(7):1011–6. [PubMed: 16763927] 

21. Muller-Stich BP, Holzinger F, Kapp T, Klaiber C. Laparoscopic hiatal hernia repair: Long-term 
outcome with the focus on the influence of mesh reinforcement. Surgical Endoscopy and Other 
Interventional Techniques. 2006; 20(3):380–4. [PubMed: 16432659] 

22. Soricelli E, Basso N, Genco A, Cipriano M. Long-term results of hiatal hernia mesh repair and 
antireflux laparoscopic surgery. Surg Endosc. 2009 Nov; 23(11):2499–504. [PubMed: 19343437] 

23. Gouvas N, Tsiaoussis J, Athanasakis E, et al. Simple suture or prosthesis hiatal closure in 
laparoscopic repair of paraesophageal hernia: A retrospective cohort study. Diseases of the 
Esophagus. 2011; 24(2):69–78. [PubMed: 20659144] 

24. Grubnik VV, Malynovskyy AV. Laparoscopic repair of hiatal hernias: new classification supported 
by long-term results. Surgical Endoscopy. 2013 Nov; 27(11):4337–46. Epub 23 Jul 2013. 
[PubMed: 23877759] 

25. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS 36-item Short-Form Health Survey 
(SF-36): III. Tests of data quality, scaling assumptions, and reliability across diverse patient 
groups. Medical care. 1994 Jan; 32(1):40–66. [PubMed: 8277801] 

26. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual 
framework and item selection. Medical care. 1992 Jun; 30(6):473–83. [PubMed: 1593914] 

Tam et al. Page 10

Am J Surg. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



27. Velanovich V, Karmy-Jones R. Measuring gastroesophageal reflux disease: relationship between 
the Health-Related Quality of Life score and physiologic parameters. Am Surg. 1998 Jul; 64(7):
649–53. [PubMed: 9655276] 

28. Velanovich V, Vallance SR, Gusz JR, et al. Quality of life scale for gastroesophageal reflux disease. 
J Am Coll Surg. 1996 Sep; 183(3):217–24. [PubMed: 8784314] 

29. Eypasch E, Williams JI, Wood-Dauphinee S, et al. Gastrointestinal Quality of Life Index: 
development, validation and application of a new instrument. The British journal of surgery. 1995 
Feb; 82(2):216–22. [PubMed: 7749697] 

30. Antoniou SA, Antoniou GA, Koch OO, et al. Lower recurrence rates after mesh-reinforced versus 
simple hiatal hernia repair: a meta-analysis of randomized trials. Surgical laparoscopy, endoscopy 
& percutaneous techniques. 2012 Dec; 22(6):498–502. Epub 2012/12/15. 

31. Furnee E, Hazebroek E. Mesh in laparoscopic large hiatal hernia repair: a systematic review of the 
literature. Surg Endosc. 2013 Nov; 27(11):3998–4008. Epub 2013/06/25. [PubMed: 23793804] 

32. Stadlhuber RJ, Sherif AE, Mittal SK, et al. Mesh complications after prosthetic reinforcement of 
hiatal closure: a 28-case series. Surg Endosc. 2009 Jun; 23(6):1219–26. [PubMed: 19067074] 

Tam et al. Page 11

Am J Surg. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
PRISMA flow diagram outlining the literature review process
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Figure 2. 
Meta-analysis of recurrence after laparoscopic large hiatal hernia repair
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Figure 3. 
Meta-analysis of need for reoperation after laparoscopic large hiatal hernia repair
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