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Abstract

Background Mesh-assisted hiatal closure during foregut

surgery is increasing. Our aim was to evaluate the com-

plications that follow revisional foregut surgery. Specifi-

cally, we compared surgical indications and perioperative

outcomes between patients with and without prior hiatal

mesh (PHM).

Methods We conducted an institutional review board

(IRB)-approved retrospective cohort study from a single

tertiary-care referral center. Over 37 months, 91 patients

underwent revisional foregut surgery. We excluded 13

cases including operations performed primarily for obesity

or achalasia. Of the remaining 78 patients, 10 had PHM

and 68 were nonmesh patients (NM).

Results The groups were similar in terms of age, body

mass index (BMI), American Society of Anesthesiologists

(ASA) classification, and rates and types of anatomic

failure. Compared with NM patients, PHM patients had

increased estimated blood loss (410 vs. 127 ml, p \ 0.01)

and operative time (4.07 vs. 2.89 h, p \ 0.01). The groups

had no difference in perioperative blood transfusion or

length of stay. Complete fundoplication was more com-

monly created in NM patients (2/10 vs. 42/68, p = 0.03).

Three of the 10 PHM patients and 3 of the 68 NM patients

required major resection. Therefore, PHM patients had 6.8-

fold increased risk of major resection compared with NM

patients [95% confidence interval (CI) = 1.585, 29.17;

p = 0.05]. The NM patients with multiple prior hiatal

operations had 4.6-fold increased risk of major resection

compared with those with one prior operation (95%

CI = 2.919, 7.384; p = 0.03). In PHM patients, however,

the number of prior hiatal operations was not associated

with major resection.

Conclusions PHM is associated with increased risk of

major resection at revision. The pattern of failure was not

different in patients with hiatal mesh, suggesting that hiatal

mesh does not eliminate the potential for revision. When

performing hiatal herniorrhaphy, the increased risk of

recurrence without mesh must be weighed against the

potential risk for subsequent major resection when using

mesh.
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Surgeons generally agree upon specific key components for

successful paraesophageal hernia (PEH) repair. Those

components include visceral reduction, sac excision,

obtaining adequate intraabdominal esophageal length,

crural reapproximation, and fundoplication. There is

debate, however, as to how to manage the hiatal opening

after hernia reduction. To address these issues, Targarona

published a review looking at strategies in using mesh for

hiatal repair, not all of which are tension-free [1]. Options

for primary repair include the use of continuous [2] or

interrupted sutures, with or without synthetic pledgets [3,

4]. Options for mesh repair include placement of an ante-

rior triangular [5], posterior triangular [6], or square piece

of mesh [7]. The mesh can also be fashioned in a keyhole

Presented at the 12th WCES, April 14–17, 2010, National Harbor,

MD.

M. Parker � S. P. Bowers (&) � J. M. Bray �
A. S. Harris � E. V. Belli � J. M. Pfluke � S. Preissler �
H. J. Asbun � C. D. Smith

Department of Surgery, Mayo Clinic Florida, 4500 San Pablo

Road, Jacksonville, FL 32224, USA

e-mail: bowers.steven@mayo.edu

123

Surg Endosc (2010) 24:3095–3101

DOI 10.1007/s00464-010-1095-x



configuration [8, 9], or the mesh can be used as a buttress

reinforcement of the pillars using an onlay technique [10].

Alternatively, a relaxing incision lateral to the right crura

can be performed, with mesh coverage of the subsequent

diaphragmatic defect [11, 12]. Finally, the mesh itself may

be fully synthetic, biological, or semisynthetic.

Those who believe in the use of hiatal mesh cite the

need for a secure tension-free repair that is sometimes

impossible without mesh because of a large defect, poor

crural strength, and/or a fibrotic and tense diaphragm.

Opponents of mesh realize that the esophagus is a dynamic

structure that moves during breathing and swallowing and

may therefore suffer adverse inflammation and erosion

caused by apposition of mesh to the esophageal adventitia.

Therefore, controversy exists as to the best means of repair.

Despite the fact that both methods of repair have known

rates of recurrence, reintervention required in a patient with

fundoplication failure following prior hiatal mesh may

involve a separate set of challenges, not seen during a

reintervention in a patient without prior hiatal mesh.

In this study, our aim is to evaluate the complications

that follow revisional surgery for fundoplication failure

and/or recurrent hiatal hernia. In particular, we compared

the indications for surgery and the perioperative outcomes

between those patients with and without a prior mesh repair

of the esophageal hiatus.

Materials and methods

The institution’s institutional review board approved this

retrospective cohort study (IRB no. 09-006300). Data were

collected from the electronic medical record of a single

tertiary-care referral center. Between December 2006 and

December 2009, 91 patients were identified as having had

revisional foregut surgery. Patients undergoing planned

operations for obesity (n = 2) or achalasia (n = 11) were

excluded from analysis. From the records of the remaining

78 patients, we determined the number of patients that had

previous hiatal mesh, and then gathered demographic data

including age, gender, BMI, ASA classification, number of

prior foregut operations (dichotomized into one or multiple),

and reason for fundoplication failure. Reasons for fundo-

plication failure were based on patients’ presenting symp-

toms, radiographic studies, and intraoperative findings.

The operative records for the previous procedures were

reviewed to determine the preoperative approach and type

of procedure performed. Of the 10 patients with prior

mesh, 7 had operative reports that described the mesh

placement. Two of the seven had interpositional polytet-

rafluoroethylene (PTFE) mesh. The remaining five patients

had an onlay mesh placed; three were biologic mesh and

two were PTFE mesh. Intraoperative outcomes from our

institution included estimated blood loss, operative time,

creation of fundoplication, and whether or not major

resection was required. In addition, postoperative records

were reviewed to determine quantity of blood transfused

and length of hospital stay.

The primary outcomes were the need for major esoph-

agogastric resection requiring anastomosis and the ability

to create a fundoplication. Secondary outcomes were

length of stay (LOS), operative time, estimated blood loss

(EBL), laparoscopic approach, rate of conversion to open

procedure, and amount of blood transfused. To compare

the primary outcome of major resection between the

exposed and unexposed groups, a rate of major resection

was calculated. These rates were then used to determine a

rate ratio, describing the relative rate of major resection

between those with prior mesh and those without. Further

analysis was performed on each of the exposure groups,

exploring the association between multiple previous oper-

ations and the need for major resection at revision.

For continuous data, including age, BMI, operative time,

EBL, and LOS, a two-sample t test was used to compare

differences between the two groups. For ordinal data, as

with the number of units of blood transfused, the Mann–

Whitney U test was used. For dichotomous data, including

gender, anatomic failure, multiple previous operations,

laparoscopic approach, conversion to open procedure,

major resection, and ability to create a fundoplication,

Fisher’s exact test was used to analyze difference between

the two groups. For categorical data, including ASA score,

Kruskal–Wallis test was performed.

Statistical analysis was performed using SAS 9.1.3 and

OpenEpi, with p \ 0.05 considered statistically significant.

Confidence intervals (95%) were calculated where

appropriate.

Results

Patients in each exposure group [nonmesh (NM) and prior

hiatal mesh (PHM)] were similar with regard to age, gender,

BMI, and ASA classification. In addition, the groups had

similar rates of anatomic and functional failure and similar

background regarding the number of prior operations, as

shown in Table 1. The specific mechanisms of fundopli-

cation failure are presented in Table 2. With regard to

intraoperative and perioperative outcomes, there were no

significant differences in operative approach between

groups (e.g., laparoscopic, open, or conversion to open).

Based on intention-to-treat analysis, complete fundoplica-

tion was more commonly created in those patients with NM

than in those with PHM (n = 0.03). We also found differ-

ences between PHM and NM patients involving operative

time (p \ 0.01), EBL (p \ 0.01), and need for major
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resection (p = 0.05), as shown in Table 3. No difference

between groups was seen regarding LOS, transfusion

requirements, or creation of a partial fundoplication.

In the 68 patients in the NM group, 3 required major

resection at reoperation. The first patient required thora-

coabdominal esophagogastrectomy, the second patient

underwent esophagogastrectomy with Roux-en-Y esopha-

gojejunostomy, and the third patient had takedown of a NF

with subtotal gastrectomy and uncut Roux-en-Y recon-

struction. In the 10 patients with PHM, 3 required major

resection. The first patient required left thoracotomy with

mesh removal and esophagogastrectomy, the second patient

underwent thoracoabdominal esophagogastrectomy with

mesh removal, and the third patient had open esophago-

gastrectomy with pyloroplasty and mesh removal. There-

fore, the relative risk of requiring major resection is 6.8 times

as likely in PHM patients as compared with NM patients

(95% CI = 1.585, 29.17; p = 0.05). The incidence of

major resection was similar between those patients with bio-

logical mesh (one of four) and permanent mesh (two of six).

In PHM patients, the number of prior hiatal operations

was not associated with need for resection. The NM

patients having multiple prior hiatal operations were 4.6

times as likely to require resection as those with only one

prior operation, which was statistically significant (95%

CI = 2.919, 7.384; p = 0.03).

Discussion

The reported use of hiatal mesh has increased, based on

reports of high radiologic recurrence following primary

hiatal herniorrhaphy and the reduction of this rate when

using mesh. Complete analysis of the costs and benefits of

hiatal mesh can only be performed with additional data,

including the likelihood of patients with radiologic hiatal

hernia recurrence to become symptomatic and require revi-

sional operation, and the morbidity of revisional operation. It

should be clear from the high-quality studies that have been

performed, comparing mesh and nonmesh repair, that

radiologic recurrence of hiatal hernia is reduced with mesh.

In 2005, Granderath and colleagues published results

from a prospective trial showing that intrathoracic wrap

migration occurred more frequently following primary

crural closure than following closure with a heavyweight

polypropylene mesh pledget technique (26 vs. 8%,

respectively) [13]. Also by randomized trial, Frantzides

compared key-holed PTFE buttress with no-mesh closure

and showed benefit in reduction of radiological recurrence

(0 vs. 22%, respectively) [14]. Due to concern over using

prosthetic mesh at the esophageal hiatus, Oelschlager and

colleagues performed a multicenter, prospective, random-

ized trial investigating the use of a U-shaped, small intes-

tine submucosal (SIS)-based hiatal mesh as an onlay

buttress, in comparison with primary suture approximation

during laparoscopic paraesophageal hernia (PEH) repair.

Similar to outcomes from studies investigating permanent

mesh, those authors noted that four patients (9%) devel-

oped a recurrent hernia ([2 cm) in the mesh group, while

12 patients (24%) developed a hernia in the primary repair

group at 6-month follow-up [15].

Laparoscopic repair of PEH is associated with up to a

42% hernia recurrence rate at 27–37 months median fol-

low-up, based on esophagram [16, 17], though there

Table 1 Demographics data

PHM

(n = 10)

NM

(n = 68)

p Value

Age (years), mean 64.4 58.0 ns

Male:female 1:2.3 1:2.1 ns

BMI (kg/m2), mean 25.1 27.3 ns

ASA I (n) 1 1 ns

ASA II (n) 2 32 ns

ASA III (n) 7 30 ns

ASA IV (n) 0 5 ns

Anatomical failure, n (%) 8 (80) 50 (74) ns

Multiple prior operations, n (%) 3 (30) 17 (25) ns

PHM previous hiatal mesh, NM no mesh, BMI body mass index, ASA
American Society of Anesthesiologists classification

Table 2 Mechanisms of fundoplication failure in study population

PHM (n = 10) NM (n = 68)

Anatomical failure, n (%) 8 (80) 50 (74)

PEH (n) 6 36

Slipped NF (n) 1 5

Two-compartment stomach (n) 0 3

PEH with slipped NF (n) 1 2

Misplaced NF (n) 0 1

Twisted NF (n) 0 1

Distorted GEJ (n) 0 1

Slipped TF (n) 0 1

Functional failure, n (%) 2 (20) 18 (26)

Dysphagia 0 6

Reflux 0 5

Reflux and dysphagia 0 4

Gastroparesis/bloating 0 2

Eroding antireflux ring 0 1

Esophageal stenosis 1 0

Achalasia variant 1 0

PHM previous hiatal mesh, NM no mesh, PEH paraesophageal hernia,

NF Nissen fundoplication, GEJ gastroesophageal junction, TF Toupet

fundoplication
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appears to be little correlation between recurrent hernia and

recurrent symptoms. Hashemi’s series of 41 patients

showed reherniation in 12 patients, but 7 of the 12 were

asymptomatic [16]. In Luostarinen’s study, only 5 of 16

patients had recurrent PEH following hiatal repair, with

few patients having symptoms [17]. In the multicenter SIS

study, however, patients with recurrent hernia had signifi-

cantly more chest pain, early satiety, and worse physical

functioning [15].

Most studies point to a very low rate of symptoms in

patients with nonmesh repair of PEH, even in those patients

with radiologic recurrence. In 1999, Hunter and colleagues

published results from 99 patients who underwent laparo-

scopic fundoplication and PEH repair. Based on median

follow-up of 34 months, revision was required in only

three patients, and this was similar to their rate of revision

(3.6%) for patients who underwent laparoscopic fundopli-

cation for gastroesophageal reflux disease (GERD) [18].

Terry and colleagues looked at 1,000 patients at 27-month

median follow-up, and they reported a reoperative rate of

3.5% for all-comers. Despite the acknowledged higher rate

of recurrent hiatal hernia after PEH repair, the rate of

symptomatic fundoplication failure requiring reoperation

was lower when compared with fundoplication for GERD

(reoperation rate: PEH 1.7%, GERD 4.2%, p \ 0.01) [19].

A subsequent publication of 1,892 patients at the same

institution showed a similarly low 2.8% rate of reoperation

after laparoscopic PEH repair [20]. This suggests that the

quality of the fundoplication may play a greater role in

postoperative symptoms than the presence of recurrent

hiatal hernia.

It is apparent from analysis of the reports of hiatal mesh

that GERD-related symptoms are adversely affected by use

of hiatal mesh. Patients with hiatal mesh had a higher rate

of dysphagia at 3 months when compared with those

without mesh (12 vs. 4%), although there was no difference

at 1-year follow-up [13]. More recent data also showed a

higher rate of dysphagia in the mesh group at 3 months (15

vs. 5%), with the 1-year follow-up again showing no dif-

ference. Although the dysphagia appears to resolve, a sta-

tistically significant decreased lower esophageal sphincter

(LES) pressure is noted in the nonmesh group compared

with the mesh group (8.9 ± 3.7 vs. 13.9 ± 4.9 mmHg,

respectively, p \ 0.01) [21]. In the multicenter SIS study,

although not powered to reveal a difference in GERD-

related symptom control, patients with a mesh repair had a

trend towards increased heartburn, regurgitation, dyspha-

gia, chest pain, and bloating scores, in comparison with

patients repaired without mesh [15].

Evidence points toward an increased rate of symptoms in

patients with both hiatal mesh and anatomic failure. Sori-

celli reports that all patients with both mesh repair and

demonstrated anatomic failure required reoperation. Luke-

tich and colleagues reported their 10-year experience with

laparoscopic repair of giant PEH with selective use of

biologic mesh. Based on a total of 662 patients, 445 had a

follow-up barium esophagram after 3 months postopera-

tively, and 70 patients (15.7%) had radiographic recurrence.

Interestingly, the incidence of radiographic recurrence was

actually similar between those patients with and without

hiatal mesh. In addition, there was no difference in the rate

of symptoms between those patients with and without

radiographic recurrence. It was apparent that hiatal mesh

did not prevent radiographic recurrence, nor did it prevent

the need for reoperation, as there was a higher rate of

reoperation after mesh was used than when no mesh was

used (9.1 vs. 2.3%; p = 0.0007). The authors state that the

failure of mesh to show a decreased recurrence rate may

have to do with selective use of mesh for only those patients

in whom crural closure was compromised [22].

While mesh may reduce recurrent hernia, this may be

reduced at the cost of GERD-related symptoms that are, at

least, transiently increased. And in the presence of mesh,

anatomic failure may be more likely to require reoperation.

This report demonstrates that reoperation in the setting of

prior mesh is associated with increased morbidity and

increased rate of requiring major esophagogastric resec-

tion. Those prior hiatal mesh patients who did not require

resection were also less likely to have complete fundopli-

cation. The goals of reoperation in the setting of prior hiatal

mesh are more remedial than in patients without mesh, due

to the difficulty of managing the fibrosis and adhesions

caused by the mesh.

We explored the possibility that the number of previous

operations was confounding the relationship between prior

mesh and major resection. However, there was no

Table 3 Perioperative outcomes

PHM

(n = 10)

NM

(n = 68)

p Value

Laparoscopic, n (%) 7 (70) 58 (85) ns

Open, n (%) 2 (20) 9 (13) ns

Converted to open, n (%) 1 (10) 1 (1.5) ns

Operative time (h) 4.07 2.89 \0.01

EBL (ml) 410 127 \0.01

LOS (days) 4.9 3.2 ns

Blood transfusion, median (units) 0 0 ns

Creation of complete

fundoplication*, n (%)

2 (20) 42 (62) 0.03

Creation of partial

fundoplication*, n (%)

3 (30) 11 (16) ns

Major resection, n (%) 3 (30) 3 (4.4) 0.05

PHM previous hiatal mesh, NM no mesh, EBL estimated blood loss,

LOS length of stay

* Data based on intention-to-treat
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significant association between the exposure of interest

(mesh) and the confounder (number of previous opera-

tions), and therefore the number of previous operations

was not a confounder. Additionally, we investigated the

relationship between the primary outcome (major resec-

tion) and the number of prior operations (one vs. two or

more). While the NM patients who had multiple previous

hiatal operations were statistically more likely to require

resection than those with only one prior operation [rela-

tive risk (RR) = 4.6], the number of prior hiatal opera-

tions in PHM patients had no association with major

resection. Therefore, if we compare the relative risk of

major resection in PHM patients versus NM patients

(RR = 6.8) with the relative risk of major resection for

NM patients with multiple prior operation versus NM

patients with one prior operation (RR = 4.6), it appears

that prior mesh is more problematic than having had

multiple previous operations.

Mesh-associated complications have been published in

numerous case reports and case series. Based on 15

patients who had crural repair with expanded PTFE mesh,

Griffith and colleagues presented a 20% complication rate.

Dysphagia resulted within 7–34 months postoperatively,

secondary to LES stenosis, and was amenable to mini-

mally invasive techniques that resolved the dysphagia.

Procedures included endoscopic mesh removal, endo-

scopic placement of a covered stent, and laparoscopic

drainage of a periesophageal fluid collection and removal

of mesh [23]. Additionally, Rumstadt described a patient

who had successful endoscopic removal of a titanium-

covered polypropylene mesh that had eroded intralumi-

nally at the gastroesophageal junction (GEJ) [24]. Finally,

Tatum reported two more cases involving mesh compli-

cation. While one patient had successful removal of a

PTFE mesh, the other patient required gastrectomy to

remove a mesh that had eroded into the GEJ and gastric

cardia [25].

In the largest series of mesh-related hiatal complica-

tions, Stadlhuber and colleagues described 28 patients with

PHM that presented with a variety of foregut-related

symptoms, and 23 of the 28 ultimately required surgery.

Intraoperative findings included intraluminal mesh erosion

(n = 17), esophageal stenosis (n = 6), and dense fibrosis

(n = 5). Of the 23 patients who underwent surgery, 6

required esophagectomy, 2 required partial gastrectomy,

and 1 had a total gastrectomy. Although there were no

immediate postoperative mortalities, one patient had severe

gastroparesis and five patients became dependent on tube

feeding [26]. Therefore, mesh-based hiatal repair can cre-

ate an unmanageable problem that may lead to major

resection. Consistent with Stadlhuber’s finding of a 32%

incidence of major resection, our results demonstrate a

30% incidence of major resection in the face of PHM,

significantly higher than the 4.3% incidence of major

resection during revisional surgery on NM.

In addition to the increased risk of major resection in

patients with PHM, our secondary outcomes demonstrate

that patients with PHM had increased EBL and operative

time, relative to those patients with NM. We saw no dif-

ference between groups with regard to LOS and need for

blood transfusion. The increased operative time and EBL in

patients with PHM are likely explained by the obscured

tissue planes and inflammatory changes often associated

with mesh, as well as the degree of difficulty involved in

the dissection around biological mesh or in the careful

removal of permanent mesh.

Fortunately, successful revisional surgery has been done

with highly selective or no use of mesh. Based on the

revision of 104 patients with fundoplication failure, 24 of

whom had crural disruption, Iqbal and colleagues used

mesh in only four patients. Despite both the prevalence of

crural disruption (n = 24) and the infrequent use of mesh,

74% of patients had resolution of symptomatic dysphagia

at mean follow-up of 38 months. Similarly, the majority of

patients had resolution of heartburn (75%), regurgitation

(85%), and chest pain (94%) [27].

There are several limitations to our report. Although this

represents a large volume of revisional fundoplications

over a 3-year period, there are few prior hiatal mesh

patients, and they could result from referral bias. With such

small numbers, it would be difficult to determine if bio-

logic meshes were associated with different outcomes at

reoperation as compared with permanent mesh. As none of

the ten patients with prior hiatal mesh had their initial

surgery at our institution, we cannot determine if the prior

fundoplication was altered by mediastinal herniation,

inflammation caused by mesh, or if the fundoplication was

initially misplaced. As we report only perioperative data,

we cannot be certain of the efficacy of our revisional

operation. Finally, as more experience is gained with

revisional surgery in the face of hiatal mesh, it is possible

that the rate of major resection could improve.

In conclusion, this study demonstrates that presence of

mesh at the esophageal hiatus is associated with increased

risk of requiring major resection during a revisional pro-

cedure. Our finding is independent of the mechanism of

fundoplication failure. Both the PHM and NM groups had

high incidence of anatomical failure (80 and 72%,

respectively), with symptomatic PEH being the most

common indication for reoperation. Although mesh

decreases hiatal hernia recurrence, this decrease is based

more on radiographic data than on symptomatic data. We

believe that GERD-specific symptomatic outcomes are

more dependent on the quality of the fundoplication and

less dependent on the quality of the hiatal repair. Further-

more, mesh does not eliminate recurrence. Mesh does,
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however, create a significantly morbid path to remediation.

Therefore, because of the increased complexity, time

required, and chance for major resection when operating in

the setting of prior hiatal mesh, the stakes are higher for

both the surgeon and patient.

Looking closely at the seven patients with prior mesh for

whom preoperative procedural notes were available, we

noted that five had an onlay mesh and two had mesh

interposition, with one patient from each group having had

major resection. Because the number of patients with prior

mesh was relatively small, these data afford us no oppor-

tunity to present techniques of mesh placement that could

minimize the need for reoperation or resection at reoper-

ation. However, based on senior author experience, we

anecdotally advise surgeons to avoid the following if

possible: use of permanent mesh at the hiatus, use of

interpositional mesh as a ‘‘bridge’’ to closure, and having

mesh in contact with the esophagus. Alternatively, one

might consider a right lateral relaxing incision on the

diaphragm, which allows crural approximation without

tension. This can be followed by placement of a biologic or

semisynthetic mesh that bridges the neodiaphragmatic

defect and buttresses the crural closure posteriorly, with

tissue interposition that prevents mesh from contacting the

esophagus.

When performing an initial hiatal hernia repair, we

agree that an ideal tension-free primary crural repair

involves maintenance of the peritoneal lining over the crura

and complete division of all attachments from the dia-

phragm to the stomach and spleen [22]. We suggest that

mesh be considered when concern for recurrence is espe-

cially high. Such patients may include those that require an

esophageal lengthening procedure or have flimsy crura, as

well as those with large hiatal defects or prior hiatal

recurrences. Therefore, prior to repairing a hiatal hernia

with mesh, the surgeon must weigh the potential benefit of

a decreased rate of recurrence against the potential risk of a

subsequent major resection.
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