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Abstract

Background The approach to repair of paraesophageal
hernias (PEHs) is controversial. Recent data suggest that
mesh repair leads to recurrence rates similar to non-mesh
approaches, while subjecting patients to mesh-associated
complications. Routine fundoplication during PEH repair
has been favored despite significant dysphagia rates. We
present our multicenter prospective data on laparoscopic
PEH repairs using a modified Boerema anterior gastropexy
without fundoplication.

Methods We prospectively followed patients after modi-
fied Boerema PEH repair at three institutions. Patient
demographics, perioperative data, and postoperative out-
comes were evaluated. Subjective and objective outcomes
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were assessed via clinical assessment, follow-up question-
ing, endoscopy, and radiographic swallow studies.

Results A total of 101 patients were followed a mean of
10.8 (median, 12) months. We encountered 9 (8.9 %)
intraoperative complications and 13 (12.9 %) postoperative
complications. There was no mortality. Reflux symptoms
were absent in 71 patients (70.3 %) postoperatively. Of the
remaining subjects, 8 (7.9 %) had mild intermittent reflux
without the need for proton pump inhibitors (PPI), 12
(11.9 %) had moderate reflux necessitating PPI as needed,
and 10 (9.9 %) had reflux requiring daily PPI. Our recurrence
rate, assessed at postoperative endoscopy/barium swallow,
was 16.8 %. Of these, 10 (9.9 %) were small segmental
recurrences and 7 (6.9 %) were large recurrences.
Conclusion Herein, we demonstrate a favorable recur-
rence rate while avoiding the potential major complications
associated with mesh hiatoplasty. Our data tend to support
a tailored approach to incorporation of fundoplication
during PEH repair. Postoperative acid reflux was absent in
most of our patients, and pharmacotherapy alone was suf-
ficient for those experiencing reflux symptoms.

Keywords Laparoscopic - Paraesophageal hernia -
Boerema - Gastropexy - Fundoplication

The optimal approach to the repair of paraesophageal
hernias (PEHs) remains a topic fraught with controversy.
Repairs were initially done by simple gastropexy, as
described by Boerema, with high recurrence rates [1, 2].
Hernia sac reduction was then found to be invaluable in
preventing anatomical and symptomatic recurrence [3].
Approaches eventually focused on hiatus repair using
either suture or mesh hiatoplasty. Like most areas of sur-
gery, the debate between open and laparoscopic approaches
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began with the weight of the literature now supporting the
safety of minimally invasive approaches [4]. Currently, the
discussion continues over three main issues: the use of
mesh for cruroplasty, the routine incorporation of an anti-
reflux procedure, and the role of anterior gastropexy. Oe-
Ischlager et al. and Frantzides et al. published randomized
trials that showed a significant reduction in recurrence rates
at early follow-up with mesh cruroplasty [5, 6]. However,
Oelschlager’s 5-year results showed no significant differ-
ence in recurrence rates between biologic mesh and non-
mesh groups [7]. While improved results have been seen
with non-absorbable mesh repairs, the potentially disas-
trous consequences of mesh cruroplasty coupled with Oe-
Ischlager’s 5-year findings have brought its use back into
question [8-10].

The standard incorporation of anti-reflux procedures is
another topic of significant controversy in the literature.
Many surgeons add a fundoplication to their PEH repairs to
prevent postoperative acid reflux. Predisposition to reflux
and dissection at the gastroesophageal (GE) junction have
been quoted as the justification for this [11]. However,
most PEH patients deny reflux preoperatively, and the
postoperative reflux encountered after repair without fun-
doplication can be treated medically [3]. At the same time,
fundoplication has not been shown to reduce the recurrence
rate of PEH repairs, and its use can lead to unwanted
clinical outcomes, like dysphagia, which can be difficult to
manage postoperatively [12, 13]. Furthermore, re-operation
for a symptomatic recurrence can be very difficult in the
presence of an anti-reflux procedure.

The aim of this study was to report the multicenter
outcomes of a prospective series of 101 PEH repairs using
a modified Boerema anterior gastropexy without mesh
cruroplasty or an associated fundoplication.

Methods

Between October 2002 and December 2008, a total of 101
patients underwent laparoscopic PEH repair via anterior
gastropexy at 1 of 3 institutions (Aarhus University Hospital
in Arhus, Denmark, Gentofte Hospital in Copenhagen,
Denmark, and St. Michael’s Hospital in Toronto, Canada)
after obtaining informed consent. Cases were done by 1 of 4
staff physicians with the aid of fellows and/or residents.
Patients were offered an associated fundoplication if there
was subjective or objective clinical evidence of severe acid
reflux, and thus, were excluded from the main study cohort
(n = 7). Patients were then followed prospectively, and
post-procedural objective and subjective data were obtained
via physician assessment, standardized questionnaires, gas-
troscopy, and radiological swallow study. Patient demo-
graphics, preoperative symptoms, perioperative data, related

complications, and postoperative parameters were evaluated
and analyzed. The primary outcomes were evidence of
recurrence at endoscopy/barium swallow study and need for
acid reflux pharmacotherapy after repair. Statistical analysis
was completed using IBM’s SPSS ® analytical software.

Surgical procedure

A Veress needle is introduced in the left subcostal area and
is used to establish 15 mmHg capnoperitoneum. An optical
trocar is then placed 15 cm below the xiphoid process,
followed by three additional trocars in the left and right
paramedian areas and the left anterior axillary line. A
Nathanson retractor is then introduced through a 5-mm
incision below the xiphoid and used to elevate the left lobe
of the liver, exposing the diaphragmatic hiatus. Using an
ultrasonic dissector, the dissection begins through the pars
flaccida of the lesser omentum and continues toward the
right crus. The peritoneum overlying the right crus is
incised, and the space around the hernia sac is entered.
Dissection continues in a circumferential fashion around
the hernia sac. Adhesions to both pleurae are taken down
with a combination of blunt and sharp dissection. Adhe-
sions between the pleura, thoracic aorta, and the distal
esophagus are carefully dissected sharplys; it is important to
ensure that the posterior aspects of the hernia sac and distal
esophagus are fully mobilized. A Penrose drain is placed
around the GE junction to provide retraction and adequate
exposure. This dissection usually provides sufficient length
of the intra-abdominal esophagus without tension. At the
end of the dissection, all landmarks should be clearly
identified: the esophagus, the thoracic aorta, and the entire
length of both crura, including the posterior confluence.
Non-absorbable sutures (2-0 Ethibond™) are used to
approximate the diaphragmatic crura. If the defect is par-
ticularly large or the crura attenuated, this step is not per-
formed (avoids significant tension). Six non-absorbable
sutures (2-0 EthibondTM) are placed in two rows of three
along the lesser curvature and are extracted using a suture
passer in the left upper quadrant; it is important to ensure
optimal GE angulation when placing these sutures. If using
a laparoscopic approach, the abdomen is desufflated and
the sutures are tied under direct visualization.

Results

Patient characteristics

A total of 101 patients were included in the study (76.2 %
females, n = 77). The mean age was 69.3 & 12.0 years,

with a median age of 69 years (range, 37-88). Fifty-seven
patients (56.4 %) had no previous abdominal or thoracic
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surgery. Thirty-three participants (32.7 %) had prior lower
abdominal surgery, 10 (9.9 %) had upper abdominal surgery,
and 6 (5.9 %) had both. Two patients (2.0 %) had a previous
thoracic PEH repair. The distribution of hernia types was
18.8 % (n=19) type II, 68.3 % (n = 69) type III, and
12.9 % (n = 13) type IV [14].

Preoperative symptoms

Subjective “heartburn” was experienced in only 13.9 %
(n = 14) of patients preoperatively. Regurgitation was
present in 34.7 % (n = 35), with recurrent emesis in 53.5 %
(n = 54). Significant dysphagia was reported by 55.4 %
(n = 56) of participants preoperatively. Pulmonary symp-
toms were prevalent in this population, with 52.5 %
(n = 53) complaining of dyspnea and 3.0 % (n = 3) recur-
rent pneumonia. Signs of gastrointestinal (G.I.) bleeding
were present in 19 subjects (18.8 %). Twenty-eight patients
(27.7 %) reported significant weight loss.

Operative data

Only 5 of 101 cases (5.0 %) required conversion to lapa-
rotomy. Operative times were recorded for 89 of 101 cases
with amean of 109.8 min. Primary crural approximation was
achieved in 94 patients (93.1 %); the remaining 7 patients
had no crura repair due to poor tissue quality and significant
tension. Blood loss was negligible in 92.6 % of the cases, and
only two cases had blood loss as high as 500 cc (both were
splenic capsule injuries). The vast majority of cases were
without intraoperative complications (n = 92; 91.1 %).
Intraoperative complications included 6 (5.9 %) small
pneumothoracies, 1 (1.0 %) gastrotomy (recognized and
repaired), and 2 (2.0 %) splenic capsule injuries (hemostasis
achieved without splenectomy).

Postoperative data

The mean length of stay in this series was 5.8 days
(median, 3). Of 101 patients, 88 (87.1 %) were uncom-
plicated, and there was no mortality. The postoperative
complications encountered are summarized in Table 1.
After discharge, patients were followed for an average of
10.9 months (median, 12; range, 3—60). Symptoms related
to their disease and/or complications of the procedure were
assessed using a standardized symptom questionnaire and
are summarized in Table 2. Reflux symptoms were absent
in 71 patients (70.3 %). Of the remaining subjects, 8
(7.9 %) had mild intermittent reflux without the need for
proton pump inhibitors (PPI), 12 (11.9 %) had moderate
reflux necessitating PPI as needed, and 10 (9.9 %) had
reflux requiring daily PPI. Recurrence was assessed via
postoperative endoscopy/barium swallow study at 3 and
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Table 1 Complications after PEH repair

Postoperative complication Number (%)

No complications 88 (87.1 %)
Wound infection 3 (3.0 %)
Unspecified vascular incident 3 (3.0 %)
Myocardial infarction 2 (2.0 %)
Atrial fibrillation 2 (2.0 %)
Intra-abdominal abscess 1 (1.0 %)
Bleeding 1 (1.0 %)
Pneumonia 1 (1.0 %)

Table 2 Subjective symptoms at follow-up

Follow-up symptoms Number (%)

Asymptomatic 70 (69.3 %)
Acid Reflux (mild to severe) 30 (29.7 %)
Emesis (occasional or recurrent) 10 (9.9 %)
Bloating 8 (7.9 %)
Dysphagia 6 (5.9 %)
Dyspnea 1 (1.0 %)

12 months and all but 5 (n = 96, 95.1 %) patients com-
pleted at least the 3-month assessment (5 patients lost after
3 month follow-up visit; no clinical evidence of recur-
rence). In total, 72 (71.3 %) patients had a second endos-
copy/barium study at 1 year as per the protocol; the
remaining patients declined repeat testing since they were
without symptoms suggestive of recurrence. In total, we
found endoscopic or radiographic evidence of recurrence in
17 patients (16.8 %). Of these, 10 (9.9 %) were small
segmental recurrences and 7 (6.9 %) were large recur-
rences. Of the 17 subjects who were found to have PEH
recurrence, six ultimately had a revisional surgery.

Of note, 7 patients were excluded from the main study
cohort because of preoperative signs of clinically severe
acid reflux (debilitating symptoms, daily PPI, esophagitis
on gastroscopy). These patients were given an anterior
gastropexy with associated Toupet fundoplication. This
small subset of patients (mean age, 59.7; 85.7 % female)
had no perioperative morbidity or mortality and was fol-
lowed for a mean of 9.7 (median, 12) months. Gas bloating
was prominent in 1 (14.3 %) patient, reflux in another
(14.3 %), and there was no subjective dysphagia. Recur-
rence was objectively observed in 1 of 7 (14.3 %) patients.

Discussion

The operative approach for PEH has evolved over the
years. Initially, most PEHs were repaired via an open
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thoracic or abdominal approach with simple visceral
reduction and gastropexy. Recurrence rates were high in
these early reports and this, perhaps unjustly, led to
decreased acceptance of gastropexy as a suitable repair [1,
2]. Later reports indicated that hernia sac reduction was
essential in order to prevent recurrence, and this has now
become a key step in the repair of PEH [3]. The dis-
cussion eventually centered on open versus minimally
invasive techniques, with the weight of the literature now
supporting the safety and effectiveness of the laparoscopic
approach [4]. However, much debate still exists over the
intraoperative approach that will have the lowest recur-
rence rates with an acceptably low complication rate. Two
of the most controversial current topics are the role of
mesh cruroplasty and the standard use of anti-reflux
procedures.

Mesh versus primary cruroplasty

Randomized trials by Oelschlager et al. and Frantzides
et al. showed promising reductions in recurrence rates at
early follow-up when mesh was used versus primary cru-
roplasty (24 vs. 9 % and 22 vs. 0 %, respectively) [5, 6].
However, Oelschlager’s 5-year data showed no significant
difference in recurrence rates between biologic mesh and
primary crural repair groups [7]. It should be noted, how-
ever, that superior recurrence rates have been reported with
non-absorbable mesh hiatoplasty when compared to bio-
logic mesh, but the long-term results remain to be seen
[15]. The reported complications of mesh hiatoplasty,
while infrequent, are potentially catastrophic, especially
when considering the demographics of the patient popu-
lation (typically old and frail) [8—10]. Esophageal stenosis,
erosions, aortal bleeding, and dense fibrosis have been
reported with some patients requiring re-operation for
mesh removal, partial gastrectomy, or partial esophagec-
tomy [10]. Furthermore, re-operation for clinically signif-
icant recurrence can be challenging given the local
inflammatory response associated with mesh incorporation
[10].

The recurrence rate in this series, assessed via upper
endoscopy and upper GI study at 3 and 12 months, was
16.8 %. The majority of these were small segmental
recurrences without any associated symptoms. As previ-
ously mentioned, some (n = 24) patients did not complete
the second objective recurrence assessment at 1 year;
however, none of these patients had subjective or symp-
tomatic evidence of recurrence. Postoperative symptoms
were subjectively reported in 31 subjects (30.7 %).
Symptoms included reflux in 30 patients (29.7 %), occa-
sional-to-recurrent emesis in 10 patients (9.9 %), gas
bloating in 8 patients (7.9 %), dysphagia in 6 patients
(5.9 %), and shortness of breath in 1 (1.0 %).

The repair of PEH is associated with a significant
recurrence rate regardless of the surgical approach used for
hiatoplasty. Diagnostic imaging can overestimate PEH
recurrence, and perhaps this “inherent recurrence rate” is
higher than is clinically significant [16]. As such, our study
tends to support the use of primary hiatoplasty (with gas-
tropexy) if crura integrity allows. Attenuated crural defects
associated with thin/weak crura were left open, and a
corresponding gastropexy was used. This method is asso-
ciated with a reasonable recurrence rate and avoids the
potentially morbid long-term complications reported with
mesh usage.

Role of anti-reflux procedures

There is significant variation in the reported prevalence of
acid reflux in preoperative PEH patients. Rates varying
from 13 to 60 % or greater have been reported [17]. Only
13.9 % (14 of 101) of patients in this cohort reported pre-
operative reflux symptoms [21 of 108 (19.4 %) including
the 7 patients who had an adjunctive Toupet fundoplica-
tion]. Despite this heterogeneity in prevalence, many sur-
geons still routinely incorporate an anti-reflux procedure as
part of their PEH repair. Predisposition to reflux and dis-
section at the GE junction have been quoted as the justifi-
cation for this; however, the role of routine fundoplication
in patients who deny or have mild reflux symptoms pre-
operatively is unclear [11]. Fundoplication has not been
shown to reduce the recurrence rate of PEH repairs, and
therefore, its consideration should only be with regards to
treatment or prevention of acid reflux [13].

The supradiaphragmatic herniation of stomach seen in a
PEH creates an “acid pocket” that sits above and across the
highly dynamic diaphragm. Boeckxstaens demonstrated
that when the “acid pocket” is located above the dia-
phragm or is extending into the hiatal opening, 70-85 % of
all transient lower esophageal sphincter relaxations
(TLESR) are accompanied by acidic reflux. In contrast,
when the “acid pocket” is located below the diaphragm
prior to a TLESR, only 7-20 % have a corresponding
acidic reflux episode [18]. Thus, the “acid pocket” is a
major risk factor for significant reflux events, which could
explain why some PEH patients do suffer from reflux
symptoms. One would assume that a successful PEH repair
should remove this “acid pocket” as a noxious contributor
once the stomach is returned to its intra-abdominal
location.

The disruption of the anatomic continuity of the LES
and the diaphragmatic hiatus can also contribute adversely
with respect to reflux, as can impaired esophageal motility
[19, 20]. However, many PEH patients deny any symptoms
suggestive of acid reflux. This is because many factors
contribute to both the integrity and breakdown of the GE

@ Springer



1860

Surg Endosc (2015) 29:1856-1861

junction pressure system and these factors appear capable
of compensation [19, 20]. Cuomo et al. [20] showed that
although an altered pressure topography of the GE junction
can increase the susceptibility to reflux, only the associated
impairment of both the diaphragmatic crura and the LES
presents the true risk condition. Thus, a normally func-
tioning LES can compensate for a low pressure defect in
the crura, but a failure of both leads to complete breakdown
of the system.

Preoperative endoscopic evidence of esophagitis has
been reported in 13-47 % of PEH patients, but severe
esophagitis or reflux is rare [17]. For these patients, an
associated fundoplication should be considered. However,
the role of anti-reflux procedures in patients who do not
have subjective or objective evidence of acid reflux
remains controversial. Unlike sliding hiatus hernias, most
PEHs have normal LES pressures capable of compensating
pre- and post-repair [21-23]. In the present series, 70.3 %
of patients (n = 71) had no reflux postoperatively. Inter-
mittent reflux without the need for medical therapy was
present in 7.9 % (n = 8), while 11.9 % (n = 12) had
intermittent reflux requiring PPI as needed. Daily PPI were
needed in only 10 patients (9.9 %).

A major concern with the standard use of anti-reflux
procedures is postoperative dysphagia. A recent meta-
analysis demonstrated that 14 % of patients suffered from
dysphagia after standard Nissen fundoplication at 2-year
follow-up [24]. Dysphagia rates as high as 50 % have been
reported after PEH repair with the addition of a fundopli-
cation [25]. Triponez et al. showed that HH patients who
underwent fundoplication experienced significantly more
dysphagia and gas bloating than patients with HH and
controls [26]. Dysphagia following PEH repair with fun-
doplication can be a very difficult problem sometimes
necessitating endoscopic dilation and even surgical inter-
vention. Furthermore, recurrence seems to be a significant
issue regardless of the surgical approach taken, and
recurrence of PEH after a fundoplication is more likely to
be symptomatic and technically challenging to repair.
There also seems to be an association between all types of
HH and impaired esophageal motility, although it is
unclear if this is caused by anatomical distortion or
inherent contractile abnormalities [25, 27-29]. Regardless,
impaired esophageal peristalsis is commonly seen in a PEH
patient population that typically has normal LES function.
Routine fundoplication in these patients may lead to sig-
nificant dysphagia rates. Many publications support a more
tailored approach to the addition of fundoplication, and the
findings of this study further support this [3, 13, 21, 23, 30,
31]. The present study suggests that if severe reflux or
esophagitis is present preoperatively, a fundoplication
should be offered after an informed discussion. If sub-
jective or objective evidence of significant acid reflux is not
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present, a fundoplication, and its associated potential
complications, can be avoided. Medical therapy is usually
sufficient in treating most reflux symptoms experienced
postoperatively.

Role of anterior gastropexy

Boerema first described anterior gastropexy for the repair
of a PEH in 1952. His initial reports showed symptomatic
improvement in 90 %; thus, he concluded his recurrence
rate was 10 % [1]. Later reports showed symptomatic
“recurrence” in up to 60 % of patients after Boerema
repair [2]. This finding led to decreased acceptance of
anterior gastropexy as a suitable repair of PEH and the
focus shifted to cruroplasty in an attempt to minimize
recurrence. These early procedures were done without
hernia sac reduction, a component of the repair now
deemed essential when recurrence is considered. Sub-
sequent case reports have shown acceptable recurrence
rates using a modified Boerema gastropexy both with and
without fundoplication [3, 4, 17, 32-34]. These reports
demonstrated a significant correlation between lack of
gastropexy and recurrence [3, 4, 33]. In the present study of
101 PEH patients, we found promising results using a
modified Boerema gastropexy without mesh hiatoplasty,
with an overall recurrence rate of 16.8 % (n = 17). Of
these, 10 (9.9 %) were small segmental recurrences and 7
(6.9 %) were large recurrences. This rate is comparable to
the other recurrence rates in the literature and this tends to
support anterior gastropexy as a suitable method for PEH
repair. Anterior gastropexy achieves all treatment objec-
tives for patients with symptomatic PEH with minimal
morbidity and mortality and avoids the potential long-term
complications of mesh cruroplasty and routine
fundoplication.

There are limitations to this study. Firstly, this is not a
randomized study and 7 patients did get a different pro-
cedure than the main study cohort. Secondly, not all
patients completed the intended 1-year follow-up period
with repeat objective recurrence assessment. As previously
stated, while these patients did deny symptomatology
suggestive of recurrence, our “recurrence rate” could be
underreporting radiographic/endoscopic recurrence. Fur-
ther randomized prospective trials are needed to establish
the true role of the modified Boerema gastropexy in the
treatment of PEH.

Conclusion
The repair of PEH appears to have an inherent recurrence

rate regardless of the operative approach. Herein, we
demonstrate a favorable recurrence rate while avoiding the



Surg Endosc (2015) 29:1856-1861

1861

potential major complications associated with mesh hia-
toplasty. Our data also support a more tailored approach to
the incorporation of a fundoplication at the time of PEH
repair. Postoperative acid reflux was absent in most of our
patients, and pharmacotherapy alone was sufficient for
those who did experience reflux symptoms.
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