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Abstract
Introduction: Recent studies encourage the use of magnetic sphincter augmentation (MSA) in patients
with large sliding hiatal hernia (LHH). However, the utility of MSA in patients with paraesophageal hernia
(PEH) is poorly studied. The aim of this study is to compare the outcome and complexity of surgery in
patients with PEH to those with LHH.

Methods: A total of 37 (65% female) patients underwent PEH repair with MSA in our institution between
2013 and 2019. A group of 37, age/sex matched patients with LHH (≥ 4 cm) who underwent MSA formed
the control group. The clinical outcome and the complexity of the surgery were then compared between
groups.

Results: At a median follow-up of 25.3 (17–35) months, there was signi�cant improvement in the GERD-
HRQL total-scores for PEH (18 vs. 3, p < 0.001) and LHH (26 vs. 4, p < 0.0001) patients when compared to
preoperative values. The PEH group was similar to LHH group in regard to pH-normalization (71% vs.
64%, p = 0.76) and freedom from PPI (94.4% vs. 91.9%, p = 1.00). Small asymptomatic hernia recurrence
was seen in 19% and 18% of LHH and PEH patients, respectively (p = 0.546). One patient (3%) required
surgical intervention for symptomatic recurrence in each group. The rate of dysphagia and need for
dilation were similar between the groups.

No signi�cant differences in operative time, blood loss, and hospital stay were detected between patients
with PEH and those with LHH. However, there was a trend toward higher necessity for additional operative
maneuvers (40.5% vs 13.5%, p = 00.17) and longer hospital stay in PEH.

Conclusion: Despite the inherent differences between LHH and PEH, repair of hernia and MSA results in
high rate of favorable outcome and low rate of recurrence in both groups. GERD symptom control,
freedom from PPI and improvement in quality of life are comparable. However, the greater need for
additional surgical maneuvers and longer hospital stay re�ect the greater complexity of procedures for
repair of PEH with MSA.

Introduction
Magnetic sphincter augmentation is increasingly utilized as an effective alternative to laparoscopic
Nissen fundoplication in the treatment of patients with gastroesophageal re�ux disease (GERD).1− 3

Multiple studies have shown that these two anti-re�ux procedures result in comparable postoperative
GERD symptom control, rates of freedom from PPI and pH normalization.1, 4, 5 MSA is a less invasive and
more physiologic surgical option, it preserves the ability of patient to belch and has a lower rate of gas
bloating.6 Recent studies have encouraged use of MSA in patients with large sliding hiatal hernias.7, 8

Clinical outcomes after repair of hiatal hernia and MSA in patients with hernias ≥ 3cm were comparable
or superior to those of patients with small or no hiatal hernia indicating that hernia size has no signi�cant
effect on the clinical e�cacy of MSA.7, 8 Short- and intermediate-term recurrence rates were low and
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mostly presented as small, asymptomatic sliding hernias. The titanium beads of the Linx® device can
induce an in�ammatory host reaction in surrounding tissues resulting in the formation of a �brotic
encapsulation. Formation of this “circumferential biological mesh” can reinforce the crural repair and
previous studies have proposed it as an explanation for the low recurrence rate after MSA. 7, 9, 10

Despite the inherent differences in anatomy and necessity for speci�c surgical maneuvers, both, the
repair of paraesophageal hernias (PEH) and large sliding hernias can prove challenging and technically
complex. There is paucity of data on e�cacy of MSA in patients with PEH. Paraesophageal hernias,
accounts for < 5% of hiatal hernias and are associated with the potential for severe complications such
as bleeding, volvulus, incarceration and gastrointestinal perforation.11, 12 Surgical repair of PEH
represents a technically challenging procedure with the main goals of tension-free restoration of the
esophageal length and crural reapproximation. The management strategies of PEH have considerably
evolved over the last decades, but there is no consensus on the optimal surgical approach and details of
surgical techniques such as use of mesh reinforcement and choice of antire�ux procedure.11 The modern
laparoscopic PEH repair is associated with an objective recurrence rate of over 50%.13 A variety of
technical modi�cations and maneuvers has been proposed to minimize tension on the repair and
subsequently prevent hernia recurrence.

Based on encouraging surgical outcomes and low recurrence rates in patients with large sliding hernias,
we sought to evaluate the e�cacy of magnetic sphincter augmentation in patients with paraesophageal
hernias. The aim of this study was to assess and compare clinical outcomes and the surgical complexity
of magnetic sphincter augmentation and hiatal hernia repair in patients with paraesophageal hernia and
those with large sliding hernia.

Methods
Study design and study population

This retrospective study reviewed all patients with paraesophageal hernia (PEH) that underwent magnetic
sphincter augmentation (MSA) and hiatal hernia repair between 01/2012 and 10/2019 at Allegheny
Health Network hospitals (Pittsburgh, PA). Patients with prior foregut surgeries were excluded from this
study. A total of 37 patients with PEH were included in this study (Figure 1). Control group consisted of
age and sex matched group of patients with large sliding hernia who underwent MSA and hiatal hernia
repair during the same time period. “Large sliding hernia” was de�ned as type I hiatal hernia ≥ 4cm in
size on esophagram and/or endoscopy (Figure 2). A detailed chart review of baseline characteristics and
postoperative clinical outcomes, GERD speci�c quality of life and PPI use after MSA was performed. All
surgical reports were reviewed, and the complexity of a procedure was evaluated based on the following
parameters: operative time (min), intraoperative blood loss (ml), length of hospital stay as well as number
and type of additional surgical maneuvers performed. The latter included the performance of anterior
crural stitches, vagal nerve or esophagogastric (EGJ) fat pad mobilization, central tendon release,
extensive mediastinal dissection, Collis gastroplasty and reinforcement of crural repair with mesh.
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Clinical outcomes and surgical complexity of the procedures were then compared between patients with
paraesophageal hernia and those with large sliding hernia. This study was evaluated and approved by
the Institutional Review Board of the Allegheny Health Network. All methods were carried out in
accordance with relevant guidelines and regulations. Informed consent was obtained from all study
participants.

Preoperative Foregut Evaluation

All patients underwent comprehensive foregut evaluation prior to surgery. The work up consisted of a
detailed clinical evaluation, upper GI endoscopy, videoesophagram and esophageal functioning testing.
Esophageal motility was assessed using high-resolution impedance manometry (HRIM) technology
(Medtronics, Shoreview, MN, USA), and manometric �ndings were reported in accordance with the
Chicago classi�cation v3.0. Once off proton pump inhibitors for 10 days, patients either underwent
ambulatory wireless 48-hour BRAVO pH monitoring (Medtronics, Shoreview, MN, USA) or multichannel
intraluminal (MII)-impedance pH testing (Sandhill Scienti�c Inc., Highlands Ranch, CO). Patients were
instructed to precisely document their food and �uid intakes in a diet diary. A DeMeester score >14.7 was
considered abnormal acid exposure of the distal esophagus14. Impedance pH testing was mostly
performed in patients with atypical re�ux symptoms using previously described criteria.15 Additionally, a
symptom correlation analysis was performed.

Magnetic Sphincter Augmentation and Hiatal Hernia Repair

The LINX® re�ux management system (Ethicon, Johnson & Johnson; Shoreview, MN), utilized for
magnetic sphincter augmentation, consists of interlinked magnetic titanium beads and features a Roman
Arch design assuring non-compressing device closure.16 Its dynamic design ensures that the esophageal
range of motion is not limited.

All procedures were performed laparoscopically by an experienced foregut surgeon using standardized
surgical techniques as described previously.17-19 The operation consisted of the following 4 steps:
reduction of the hernia sac, complete posterior mediastinal esophageal mobilization with restoration of
intraabdominal esophageal length (≥ 3 centimeters), interrupted posterior crural closure and device
placement at the level of the esophagogastric junction. It was ensured that the posterior vagal nerve trunk
was located outside of the MSA device. Intraoperative esophagogastroscopy was performed in order to
assist in identifying the anatomic esophagogastric junction and to assess device position. In order to
achieve tension-free hernia repair in more complex cases, the performance of extensive mediastinal
dissection or adjunct surgical procedures such as vagal nerve or esophagogastric junction (EGJ) fat pad
mobilization, central tendon release, diaphragmatic relaxing incisions, anterior crural stitches and mesh
augmentation was required (Figure 3).

A solid LINX-diet was started on the day of surgery to avoid development of dysphagia secondary to
forming scar tissue surrounding the device. Patients were encouraged to eat small portions of solid food
every hour while awake for the �rst two months after surgery. Patients were discharged home when they



Page 5/17

were tolerating a diet with no di�culty and were free of symptom of nausea. Postoperative follow-up
visits were scheduled at 2 weeks, 6 weeks, 6 months and then yearly after surgery.

Follow-up after Magnetic Sphincter augmentation

During postoperative clinic visits at 2 weeks, 6 weeks, 6 months and then annually, gastrointestinal
symptoms and use of proton pump inhibitor (PPI) were assessed. Patients were also asked to complete
standardized questionnaires including the GERD-Health-related-Quality-of-Life (GERD-HRQL).20-22 The
frequency and severity of persistent postoperative dysphagia was reported based on the GERD HRQL
“di�culty swallowing” item and signi�cant dysphagia was de�ned as a score >3. Patients with a follow-
up ≥ 12 months were scheduled for esophagogastroduodenoscopy and postoperative esophageal
function testing.

Statistical Analysis

Statistical analysis was performed using SPSS® statistics 20.0 (IBM, Armonk, NY). Data are presented
using median and interquartile range (IQR) or mean [range and/or standard deviation (SD)]. Statistical
analysis appropriate for non-parametric data was used. Categorical variables were analyzed using the
Fisher’s exact test and continuous data were analyzed using the Wilcoxon signed rank test as
appropriate. Statistical signi�cance was de�ned as a p-value < 0.05.

Results
The paraesophageal hernia (PEH) group consisted of 37 patients (65% females) with a median age of 63
years (35–82) who underwent repair of hernia and magnetic sphincter augmentation. The age- and sex-
matched control group consisted of 37 patients with a large sliding hernia (LHH). Patients with PEH had
a median size of 5 cm while the median size of hernia in patients with LHH was 4.5 cm (p = 0.560).
Patients with LHH had higher rate of esophagitis and higher median GERD-HRQL total scores when
compared to those with PEH. The remaining baseline characteristics were comparable between the two
groups (Table 1).
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Table 1
Demographics and baseline characteristics of patients with paraesophageal hernia (PEH) and large

sliding hernia (LHH) prior to magnetic sphincter augmentation.

  PEH

n = 37

LHH

n = 37

p-value

Sex (Females) 24 (65) 24 (65) 1.000

Age (Median, Range) 63 (35–82) 64 (39–86) 0.642

Median BMI (IQR) 29.4 (IQR, 25.9–32.2) 29.2 (IQR, 26.7–31.8) 0.974

Median hernia size (cm) 5 (IQR, 4-5.8) 4.5 (IQR, 4.3–4.8) 0.560

Esophagitis present (%) 15 (40.5%) 19 (51.4) 0.484

DeMeester score (Median, IQR) 37.7 (IQR, 22.1–52.6) 39.7 (IQR, 22-53.5) 0.699

GERD HRQL total score (Median, IQR) 18 (IQR, 8–25) 26 (IQR, 16–33) 0.021

The most frequently used device sizes were 14 and 15. The median operative time was comparable
between the two groups (PEH: 108 min vs. LHH: 93 min, p = 0.443) and blood loss was minimal in all
patients. Table 2 shows a comparison of the surgical complexity of performed procedures between the
two groups. While there were no signi�cant differences in the number of speci�c surgical maneuvers
performed and length of hospital stay, a trend towards later discharge from hospital and higher necessity
for any additional operative maneuvers such as extensive mediastinal dissection and vagal nerve or EGJ
fat pad mobilization was detected for patients with paraesophageal hernia. One patient (2.7%) with PEH
required mesh reinforcement using (FlexHD® mesh) and two patients (5.4%) with PEH required
diaphragm relaxing incisions. No patient in this series underwent Collis gastroplasty.
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Table 2
Surgical complexity and length of hospital stay based on hernia type

  PEH

(n = 37)

LHH

(n = 37)

p-value

Additional surgical maneuver(s) performed: 15 (40.5%) 5 (13.5%) 0.017

Anterior crural suture(s) 5 (13.5) 1 (2.7) 0.199

Vagal nerve or GEJ fat pad mobilization 5 (13.5) 0 (0) 0.054

Central tendon release 1 (2.7) 0 (0) 1.000

Need for extensive mediastinal dissection 10 (27%) 4 (11%) 0.136

Need for Collis gastroplasty 0 0 n/a

Median (IQR) OR time (min) 108 (70–133) 93 (76–128) 0.443

Median (IQR) blood loss (ml) 5 (5–10) 5 (5–5) 0.387

Discharge home on the same day 12/21 (57%) 26/32 (81%) 0.07

At a median follow up of 25 months (IQR: 17–35), GERD-HRQL was signi�cantly improved in all patients
(p < 0.001). Postoperative clinical outcomes are presented in Table 3. Postoperative pH monitoring was
performed in 65% (n = 24) of PEH patients and 68% (n = 25) of LHH patients. Rates of postoperative pH
normalization were comparable between the groups (PEH: 71% vs. LHH: 64%, p = 0.762). There was
signi�cant decrease in median postoperative DeMeester score in PEH group (38 vs. 5, p < 0.001) and LHH
group (40 vs. 11, p < 0.001). Freedom from PPI was achieved in over 90% of patients in both groups.

Table 3
Clinical outcomes after MSA and hiatal hernia repair in patients with paraesophageal hernia and those

with large sliding hernia.

  PEH

n = 37 (50%)

LHH

n = 37 (50%)

p-value

Median follow up time (months) 24.8 (17–35) 24.4 (17–35) 0.92

GERD HRQL Total Score:

Postop vs. Preop

18 vs. 3 (p < 0.001) 26 vs 4 (p < 0.001) n/a

pH normalization 71% 64% 0.76

Freedom from PPI 94% 92% 1.00

Postop. dysphagia 30% 27% 1.00

Small asymptomatic recurrence 18% 19% 0.546

Recurrent hernia requiring revisional surgery 3% 3% 1.00
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Further, rates of postoperative dysphagia were similar in both groups (PEH: 30% vs. LHH: 27%, p = 1.000).
Endoscopic dilation was performed in 8 PEH patients (22%) and 12 LHH patients (32%), (p = 0.433). A
small asymptomatic hiatal hernia recurrence was detected endoscopically in 18% of PEH and 19% of
LHH patients, (p = 0.546). Three percent of patients in each group underwent revisional surgery for
symptomatic hernia recurrence (Fig. 4).

Discussion
Magnetic sphincter augmentation is increasingly utilized as alternative to laparoscopic fundoplication in
the treatment of patients with gastroesophageal re�ux disease.23 Sliding hiatal hernias are still much
more common than paraesophageal hernias, but the prevalence of the latter seems to be increasing in
the United States.24 In patients with type I hiatal hernias the esophagogastric junction has migrated
above the level of the diaphragm whereas in those with paraesophageal hernias, there is relative
preservation of posterolateral phrenoesophageal attachments around the EGJ.25 The inherent differences
of paraesophageal and large siding hernias result in varying disease manifestation, necessity for speci�c
surgical maneuvers and forms of postoperative failure. Surgical repair of type I hiatal hernias is indicated
in case of symptomatic re�ux disease. In contrast, surgical repair of symptomatic paraesophageal
hernias is indicated to reduce the risk for severe complications which is estimated to be 1% per year.26

The performance of an antire�ux procedure is an essential part of any PEH repair as it reduces the risk of
hernia recurrence and eliminates gastroesophageal re�ux.27

In this study, we compared the clinical outcomes and surgical complexity of magnetic sphincter
augmentation and hiatal hernia repair in patients with paraesophageal hernia to those with large sliding
hernia. An important �nding of our study is that magnetic sphincter augmentation and hiatal hernia
repair results in favorable outcomes in patients with PEH and those with LHH. Quality of life improved
signi�cantly in all patients after MSA and rates of postoperative pH normalization and freedom from PPI
were comparable between PEH and LHH patients. While encouraging outcomes of magnetic sphincter
augmentation in patients with larger sliding hernias have been reported previously7, 8, 28, the present study
is the �rst to selectively evaluate the e�cacy of MSA in patients with PEH and compare it to a matched
group of patients with LHH. Furthermore, postoperative re�ux control of PEH patients treated with MSA in
our cohort was comparable to published outcomes following laparoscopic fundoplication.29 These
�ndings indicate that MSA represents an effective alternative to laparoscopic fundoplication in PEH
patients. The choice of antire�ux procedure is partially based on esophageal body motility function.
Negative experiences with historic circumferential devices placed around the GI tract such as the
Angelchik device raised concerns regarding the effect of the Linx device on esophageal peristalsis.
However, early data suggest that while MSA leads to increased esophageal out�ow resistance
esophageal motility remains unaltered due to a compensatory increase in contractile vigor.30

In this series, low recurrence rates of < 20% in both hernia groups were detected at an intermediate term
follow up of 2 years. Similar to other MSA studies, the majority of recurrences consisted of asymptomatic
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small sliding hernias without device dislocation8. Revisional surgery is rarely indicated in patients with
recurrence and is relatively uncomplicated compared to repair of a herniated fundoplication which
requires dissection of the wrap from the hiatus and esophagus.8 While long-term results have to be
awaited, our recurrence rates of < 20% following MSA compare favorably to published recurrence rates of
over 50% after laparoscopic PEH repair at a 5 year follow up.13 It has to be emphasized that recurrences
observed in patients with MSA mostly consisted of small, sliding hernias which rarely require revision.

The results of this study highlight greater technical complexity of the repair of a paraesophageal hernias
compared to large sliding hernias. More adjunct surgical maneuvers were required for the repair of
paraesophageal hernias. A trend toward more need for extensive mediastinal dissection was also
detected in patients with PEH. Furthermore, a trend toward longer operative times with increasing hernia
size in LHH patients was detected (median OR time: hernia size ≤ 5cm, 88min (IQR, 74–94) vs. hernia
size > 5cm, 118min (IQR, 68–143); p = 0.545).

Patients with PEH were more likely to require overnight stay after surgery. This is likely re�ective of
presence of other comorbidities in this group. The two groups were matched in regard to age, eliminating
older age as an explanation for longer hospital stay in PEH group. Previous studies have shown higher
rate of cardiopulmonary comorbidities from chronic, larger volume compressive effects of
paraesophageal herniation.31

The overall operative time did not differ signi�cantly between the two hernia groups, however inherent
differences between these two types of hernia led to allocation of surgical time to different steps of
surgery in each group. Patients with LHH had a higher rate of preoperative esophagitis. This indicates a
more severe re�ux disease in these patients compared to those with PEH. Longstanding exposure of
distal esophagus to irritant acidic gastric juice in patients with LHH may result in transmural esophageal
wall in�ammation. This may then result in creating more chronic in�ammation and adhesions around the
EGJ and distal esophagus, making the dissection of these area more challenging and time consuming in
patients with LHH. A recent study demonstrated that MSA leads to signi�cant clinical improvement
across the GERD severity spectrum.32 Contrary, successful surgical repair of paraesophageal hernia
require complete reduction of hernia sac, this is usually a lengthy step of surgery that requires a more
extensive mediastinal dissection often to the level of inferior pulmonary vein.

Laparoscopic PEH repair is proven to be challenging and technically demanding.27 A successful repair
requires a tension-free hernia repair with minimizing both, axial and radial tensions.33 Several adjunct
procedures and technical modi�cations have been described in the literature to achieve a tension-free
repair. Axial tension can be reduced by performing extensive mediastinal dissection, vagal nerve or EGJ
fat pad mobilization and Collis gastroplasty. The wedge-fundectomy Collis gastroplasty has been
established as simple yet effective tension-reducing technique in patients with shortened esophagus of
intraabdominal length < 3cm.34 To ensure an adequate diameter of the “neoesophagus”, the esophageal
lengthening procedure is performed over a bougie.35 Previous studies have shown that the performance
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of a Collis gastroplasty in patients with shortened esophagus is safe and effective while reducing
recurrence rates.34, 36 However, as re�ected by our results, an extensive mediastinal dissection usually
allows mobilization of adequate length of intraabdominal esophagus, this eliminated the need for Collis
gastroplasty in our practice.

Another challenge in repair of PEH is crural reapproximation. Radial tension, particularly in patients with
wide splayed crura, is a major culprit for recurrence after laparoscopic PEH repair. Adjunct tension-
minimizing techniques include crural relaxing incisions, central tendon release and mesh reinforcement
of the crural repair. Critical assessment of the hiatal tension after suture cruroplasty should guide the
choice of one or more techniques. Mesh reinforcement of laparoscopic PEH repair is controversial and it
plays a subordinate role in our practice. Despite reduced recurrence rates after reinforcement with
permanent, synthetic mesh, associated complications such as erosion, mesh infection and increased
rates of postoperative dysphagia discouraged its application.37 A safer alternative is the use of an
absorbable mesh. However, despite promising early results, long term outcomes did not demonstrate
signi�cant differences in recurrence rates between PEH patients that were treated with and without mesh
reinforcement.13, 38 Recently, encouraging outcomes of laparoscopic PEH repair with the use of newer
biosynthetic absorbable mesh (Poly-4-hydroxybutyrate; Phasix-St-mesh) has been reported.24 The
combination of mesh reinforcement and other tension-reducing techniques in that study resulted in a low
rate of hernia recurrence and no mesh-related complications at short term follow up. However, selective
mesh reinforcement is unlikely to overcome extensive hiatal tension.27 Thus, the use of crural relaxing
incisions on the right side, or less commonly left side, can prove bene�cial. Using the harmonic scalpel, a
full-thickness incision of the right crus parallel to the inferior vena cava (IVC) is recommended. A 3mm
cuff of tissue is spared along the IVC which is later used for �xation of a PTFE patch which covers the
diaphragmatic defect.39

Paraesophageal hernias are reported to occur more commonly in females of older age. Similar gender
and age distribution among the two groups in this series is the result of the matched study design.
Outcomes of PEH patients were compared to a sex and age matched control group of large sliding
hernias to eliminate the confounding role of these factors and add to the strength of our study. However,
we acknowledge that the PEH patient population of this study which included only those selected to
undergo MSA might not be a comprehensive representative for the overall PEH patient population. Other
limitations of this study include its retrospective nature and the relatively small samples sizes of the
groups. Further multi-center studies with a larger patient population are necessary to evaluate long-term
outcomes and recurrence rates after MSA and hiatal hernia repair in patients with paraesophageal hernia.

Conclusions
Despite the inherent differences between LHH and PEH, magnetic sphincter augmentation with hiatal
hernia repair results in high rate of favorable outcome and low rate of recurrence in both, patients with
paraesophageal hernia and those with large sliding hernia. GERD symptom control, freedom from PPI
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and improvement in quality of life are comparable between these groups. However, the higher need for
additional surgical maneuvers and longer median hospital stay re�ect the greater complexity of
procedures for repair of PEH with magnetic sphincter augmentation.
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Figure 1

Preoperative esophagram in a patient with a paraesophageal hernia
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Figure 2

Preoperative esophagram in a patient with a large sliding hiatal hernia
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Figure 3

Postoperative esophagram after hernia repair and magnetic sphincter augmentation in a patient with (A)
paraesophageal hernia and (B) large sliding hiatal hernia
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Figure 4

Rates of asymptomatic small hernia recurrence and symptomatic recurrence requiring surgical
intervention in patients with paraesophageal hernia (PEH) and large sliding hiatal hernia (LHH)


