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Long-term Quality of Life and Risk Factors for Recurrence
After Laparoscopic Repair of Paraesophageal Hernia
Anne O. Lidor, MD, MPH; Kimberley E. Steele, MD; Miloslawa Stem, MS; Richard M. Fleming, MD;
Michael A. Schweitzer, MD; Michael R. Marohn, DO

IMPORTANCE Laparoscopic repair of paraesophageal hernia (PEH) has been shown to result
in excellent relief of symptoms and improved quality of life (QOL) despite a relatively high
radiographically identified recurrence rate.

OBJECTIVE To assess potential risk factors for recurrence and long-term change in QOL after
laparoscopic repair of PEH.

DESIGN, SETTING, AND PARTICIPANTS This was a prospective study of 111 patients who
underwent elective laparoscopic repair of type III PEH with biological mesh buttressed over a
primary cruroplasty from April 3, 2009, through July 31, 2014, at the Department of Surgery,
Johns Hopkins University of Medicine. We administered a modified version of a validated
gastroesophageal reflux disease–specific QOL tool to patients before and at 2, 12, and 36
months after the procedure. Higher QOL scores represent greater severity of symptoms.
An upper gastrointestinal tract barium-contrast radiographic examination was performed at
1 year to assess for recurrence. Demographic factors, comorbidities, and preoperative
radiographic findings were analyzed as possible indicators for recurrence using logistic
regression.

MAIN OUTCOMES AND MEASURES Quality of life, measured by the gastroesophageal reflux
disease–specific QOL tool, and recurrence, defined as a PEH of greater than 2 cm.

RESULTS Median patient age was 61 years, 63.1% of patients were women, and 81.1% of
patients were white. Four patients required reoperation, of which only 1 was for symptomatic
recurrent PEH. The mean follow-up time for the 36-month QOL assessment was 43.5
months. The overall preoperative and 2-, 12-, and 36-month QOL scores were 28.50, 10.18,
9.74, and 10.58, respectively (P < .001). Recurrences were found in 19 of the 70 patients
(27%) who completed the 1-year radiographic examination. Compared with baseline, all
individual symptoms improved significantly except for early satiety (mean [SD] score, 3.18
[1.88] at baseline vs 2.07 [1.70] at the 36-month follow-up; P = .07), nausea (1.69 [1.63] vs
0.77 [1.25]; P = .08), pain with swallowing (1.06 [1.50] vs 0.53 [0.90]; P = .73), and
bloating/gas (3.28 [1.71] vs 2.23 [1.72]; P = .05) at the 36-month QOL assessment. Although
not statistically significant, preoperative hernias containing most of the stomach were more
likely to recur after repair when compared with those involving gastric cardia and fundus
(odds ratio, 3.74 [95% CI, 0.93-15.14]; P = .06).

CONCLUSIONS AND RELEVANCE Overall, laparoscopic repair of PEH with biological mesh
results in excellent long-term QOL. The cause of recurrence is likely multifactorial and
individualized to each patient. Further evaluation of novel techniques and unidentified
patient factors is needed.
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P araesophageal hernias (PEHs) account for 5% to 10% of
all hiatal hernias and have become increasingly com-
mon with the aging of the population. Approximately

90% of PEHs are type III hernias, in which the stomach is her-
niated alongside the esophagus and the gastroesophageal junc-
tion is displaced above the diaphragm. Although the precise
sequence of events leading to PEH development is not com-
pletely understood, the process likely involves progressive
weakening and stretching of the phrenoesophageal mem-
brane associated with enlargement of the diaphragmatic hia-
tus. Repair of a PEH can be technically challenging, and op-
erative intervention is usually reserved for patients with
symptomatic PEH,1 particularly those with serious or life-
threatening complications.2,3 Although multiple studies have
demonstrated that PEHs can be repaired safely and with mini-
mal perioperative risk,4,5 most of these reports are limited to
short-term follow-up. Most noteworthy is the paucity of data
regarding long-term functional and quality-of-life (QOL) out-
comes—the most clinically relevant yardsticks by which the
success of PEH repair should be judged.

Although PEH is most commonly repaired via a laparo-
scopic approach, no consensus has been achieved regarding the
specific technique, and reviews of laparoscopic series have re-
ported disappointingly high recurrence rates of greater than
50%.6,7 The pathogenesis of PEH recurrence after repair is
thought to be caused by the repetitive movement of the dia-
phragm and esophagus and crural tension created by primary
closure; however, no studies have been able to identify spe-
cific risk factors for recurrence, nor has any intraoperative tech-
nique been identified that might reduce recurrence rates. Pa-
tient characteristics, such as body mass index (BMI) (calculated
as weight in kilograms divided by height in meters squared) and
presence of pulmonary disease,8,9 as well as technical factors,
such as esophageal lengthening, gastropexy, and mesh
reinforcement,10,11 have not been shown to be associated with
decreased recurrence rates. A common thread among pub-
lished studies, however, has been identification of PEH recur-
rence as an asymptomatic radiographic finding that bears no cor-
relation with the symptomatic improvement conferred by PEH
repair.12 Moreover, this clinical efficacy appears to endure even
in the face of radiographic hernia recurrence.

In this study, we analyzed data from an ongoing prospec-
tive study of patients undergoing laparoscopic repair of PEH
at our institution. We aimed to identify potential risk factors
for PEH recurrence and to evaluate long-term (>3.5 years) symp-
tomatic response and postoperative change in QOL. Our study
provides further clinical support to the limited data in the lit-
erature suggesting that, although recurrence rates may be high,
most patients maintain an excellent and durable QOL after lapa-
roscopic repair of PEH.

Methods
Data Source and Study Population
Data for analysis were derived from an ongoing prospective
study. From April 3, 2009, through July 31, 2014, we enrolled
111 adults who underwent elective laparoscopic repair of PEH

with biological mesh (Veritas collagen matrix; Synovis) but-
tressed over a primary cruroplasty. The study population in-
cluded 70 patients who reached the 1-year milestone for the
barium-contrast radiographic interval examination of the up-
per gastrointestinal tract (UGI examination). All patients un-
derwent Nissen fundoplication with or without anterior gas-
tropexy. The PEH cohort has been described in detail
previously.12 All data were prospectively collected on a stan-
dardized collection form and maintained in an electronic da-
tabase. Patient demographics, surgical history, baseline co-
morbidities and symptoms (BMI, smoking status, diabetes
mellitus, pulmonary disease, preoperative dysphasia, heart-
burn, and pain), operative details, postoperative course of care
(reoperation and length of hospital stay), and postoperative
clinic visits, including radiographic studies, were collected. This
study was approved by the Johns Hopkins Medicine Institu-
tional Review Board. All patients provided written informed
consent.

Symptom Assessment and Radiographic Methods
A modified version of a validated gastroesophageal reflux
disease–specific QOL tool was administered in person or by
telephone before and at 2, 12, and approximately 36 months
after the procedure.13 All questions were rated on a scale of
0 to 5, with higher scores representing greater severity of
symptoms.

Preoperative radiographic hernia characteristics were
identified as potential risk factors for recurrence. Vertical/
horizontal hernia size was the extent of gastric mucosa above
the level of the hiatus, measured at its greatest length in both
dimensions. Anatomy referred to the percentage of stomach
extending above the diaphragm. This measurement was fur-
ther delineated as type I (involving the gastric cardia and fun-
dus) or type II (involving the body or any portion of the stom-
ach distal to the body). We defined rotation as the degree of
twisting of the herniated stomach, including none, partial
(≤180°), or complete organoaxial malrotation. We defined mo-
tility as the finding of esophageal dysmotility during a live fluo-
roscopic study. Shortening of the esophagus denoted the ab-
sence of laxity of the esophagus despite location of the
gastroesophageal junction above the diaphragm.

We performed the UGI examination at 1 year after the sur-
gery and defined hernia recurrence as greater than a 2-cm ver-
tical extension of gastric mucosa measured from the level of
the diaphragm. This definition was derived from a previous
analysis of this population.12 A single radiologist blinded to pa-
tient information (R.M.F.) read all studies.

Statistical Analysis
We compared baseline comorbidities and preoperative radio-
graphic findings between the patients with recurrent and non-
recurrent hernia. Categorical variables were expressed as fre-
quencies and percentages and were compared using the
Pearson χ2 test or the Fisher exact test when appropriate. Con-
tinuous variables were expressed as mean (SD) and were com-
pared using the Wilcoxon rank sum test. Overall and indi-
vidual symptom scores from the QOL tool were compared at
baseline and 2, 12, and 36 months postoperatively using the
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Wilcoxon signed rank test. In addition, we used univariate lo-
gistic regression analysis to identify independent clinical and
radiographic factors as predictors of radiographic recur-
rence. P < .05 was chosen to indicate statistical significance.
All statistical analyses were performed using commercially
available software (STATA/MP, version 12.0; StataCorp).

Results
Baseline Demographic and Clinical Characteristics
A total of 111 patients have been enrolled in this ongoing study
according to established inclusion criteria. Of these patients,
22 were unavailable for follow-up, including 16 patients who
voluntarily withdrew from the study or were lost to fol-
low-up and 6 patients who died of unrelated causes. None of
the patients died during the hospitalization for the proce-
dure. The median patient age was 61 (range, 24-89) years, and
most of the population consisted of white women. Overall, pa-
tients experienced significant symptom improvement at post-
operative months 2 (mean QOL score, 10.18 [7.39]), 12 (mean
QOL score, 9.74 [8.69]), and 36 (mean QOL score, 10.58 [9.14])
compared with baseline (mean QOL score, 28.50 [11.13])
(P < .001) (Table 1). Four patients (3.6%) required reopera-
tion, of which only 1 was for symptomatic recurrent PEH mani-
fested by obstructive symptoms at postoperative month 9. One
patient underwent reoperation on postoperative day 2 for in-
trathoracic wrap migration. Two additional patients under-
went reoperation (at approximately 13 postoperative months)
for chest pain and dysphagia with presumed stricture but with-
out recurrent PEH being identified.

Of the 70 patients who completed their 1-year UGI exami-
nation, 19 (27%) were noted to have a radiographic hernia re-
currence. We found no statistically significant difference be-
tween the nonrecurrent and recurrent groups with regard to
age, sex, race, QOL scores, follow-up time, length of hospital
stay, and reoperation. However, recurrent hernia size was sig-
nificantly different between the 2 groups (0.37 vs 3.67 cm;
P < .001), as expected (Table 2).

Postoperative Symptom Assessment
The mean follow-up time for the 36-month QOL was 43.5
months. Acid reflux, early satiety, bloating/gas, shortness of
breath, and postprandial chest pain were the most bother-
some preoperative symptoms. At postoperative month 12, sig-
nificant improvement was reported in all symptoms and in over-
all satisfaction (Table 3). At postoperative month 36, patients
continued to experience significant overall satisfaction; how-
ever, early satiety, nausea, pain with swallowing, and bloating/
gas became comparable to those symptoms at baseline.

Assessment of Risk Factors for Recurrence
We found no significant difference between the recurrent and
nonrecurrent groups with respect to clinical factors or preop-
erative radiographic findings. However, more patients had a
preoperative type II anatomy in the recurrent group com-
pared with the nonrecurrent group (81.3% vs 53.7%; P = .06)
(Table 4). Moreover, univariate logistic regression revealed a
trend toward increased odds of recurrence in patients with a
preoperative anatomy type II (odds ratio, 3.74 [95% CI, 0.93-
15.14]; P = .06), preoperative heartburn (odds ratio, 3.17 [95%
CI, 0.81-12.31]; P = .10), and possibly preoperative vertical her-
nia size of 5.5 cm or greater (odds ratio, 2.32 [95% CI, 0.72-
7.41]; P = .16) (Table 5). None of the remaining independent risk
factors predicted development of recurrent hernia.

Discussion
In this study of prospectively collected data for 111 patients who
underwent laparoscopic PEH repair during a 5-year period at our
institution, careful analysis of multiple patient characteristics
failed to identify any specific risk factors associated with PEH
recurrence. Further investigation into variations of surgical tech-
nique and specific preoperative anatomic differences only dem-
onstrated a trend toward significance for recurrence in patients
with preoperative hernias that included most of the stomach.
Long-term follow-up for this group demonstrated that, despite
a 27% recurrence rate, overall QOL and patient satisfaction re-
mained significantly improved compared with baseline.

The high recurrence rate after surgical repair of PEH re-
mains an important challenge. Several factors have been
thought to contribute to a reduced recurrence rate after lapa-
roscopic repair of PEH, including complete excision of the
hernia sac with extensive mobilization of the esophagus, per-
formance of a cruroplasty, use of mesh, performance of a fun-
doplication, and gastropexy.14,15 One of the key steps in a PEH
repair is the closure of the hiatus or cruroplasty. Today, the most
common primary repair includes a posterior approach of con-

Table 1. Baseline Demographic and Clinical Characteristics
of Study Patients With PEH

Characteristic
Data
(N = 111)

Age, mean (SD) [median], y 61.5 (13.5) [61]

Female sex, No. (%) 70 (63.1)

Race, No. (%)

White 90 (81.1)

Black 17 (15.3)

Other 4 (3.6)

QOL score, mean (SD)a

Preoperative 28.50 (11.13)

Postoperative

2 mo 10.18 (7.39)

12 mo 9.74 (8.69)

36 mo 10.58 (9.14)

Follow-up, mean (SD), mo 19.9 (16.4)

LOS, mean (SD) [median], d 3.5 (4.8) [2]

Reoperation, No. (%) 4 (3.6)

Time to reoperation, median, d 314.5

Abbreviations: LOS, length of stay; PEH, paraesophageal hernia;
QOL, quality of life.
a All questions on a validated gastroesophageal reflux disease–specific QOL tool

were rated on a scale of 0 to 5, with higher scores representing greater
severity of symptoms.
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tinuous or interrupted sutures of the crura (over a bougie) with
or without mesh placement, followed by fundoplication. The
cephalad force created with increased positive intra-
abdominal pressure and negative intrathoracic pressure forces
the stomach to migrate back into the chest, which can lead to
recurrence. This result has been postulated to be prevented by
anchoring the stomach to the anterior abdominal wall by way

of gastropexy or gastrostomy. Poncet et al10 reported a 50% re-
currence rate without gastropexy vs 10.8% with gastropexy
(P = .003). Similar findings were demonstrated by Ponsky et
al.16 All of our patients underwent complete esophageal mo-
bilization and sac excision, but our study did not demon-
strate any significant difference in recurrence rates between
patients who did or did not undergo gastropexy (P = .21).

Table 2. Baseline Demographic and Clinical Characteristics for Patients With PEH at 1-Year Barium-Contrast
UGI Radiographic Examination Stratified by Radiographic Recurrence

Characteristic
All Patients
(n = 70)

Hiatal Hernia Groupa

P Valueb
Nonrecurrent
(n = 51)

Recurrent
(n = 19)

Age, mean (SD) [median], y 63.4 (13.2) [62.5] 63.4 (13.3) [63] 63.4 (13.1) [60] .86

Age group, No. (%) .73

<70 y 41 (59) 29 (57) 12 (63)
.63

≥70 y 29 (41) 22 (43) 7 (37)

Female sex, No. (%) 49 (70) 36 (71) 13 (68) .86

Race, No. (%)

White 60 (86) 43 (84) 17 (89)

.99Black 8 (11) 6 (12) 2 (11)

Other 2 (3) 2 (4) 0

QOL score, mean (SD)c

Preoperative 27.18 (10.75) 27.45 (11.45) 26.53 (9.03) .70

Postoperative

2 mo 9.57 (6.45) 9.63 (6.11) 9.42 (7.39) .70

1 y 8.72 (7.06) 8.26 (6.31) 9.83 (8.69) .68

Score change, mean (SD)d 0.03 (6.46) −0.43 (4.01) 1.11 (10.21) .43

LOS, mean (SD) [median], d 3.2 (3.0) [2] 3.0 (2.4) [2] 3.7 (4.2) [2.5] .86

Gastropexy, No. (%) 45 (64) 35 (69) 10 (53) .21

Reoperation, No. (%) 3 (4) 2 (4) 1 (5) .99

Recurrent hernia size, mean (SD), cm 1.27 (1.64) 0.37 (62.00) 3.67 (0.96) <.001

Abbreviations: LOS, length of stay;
PEH, paraesophageal hernia;
QOL, quality of life; UGI, upper
gastrointestinal tract.
a Nonrecurrent was defined as all

hernias of 2 cm or less; recurrent,
greater than 2 cm.

b Calculated using the Wilcoxon rank
sum test for continuous variables
and Pearson χ2 test for categorical
variables.

c All questions on a validated
gastroesophageal reflux
disease–specific QOL tool were
rated on a scale of 0 to 5, with
higher scores representing greater
severity of symptoms.

d Calculated as the difference
between the 1-year postoperative
QOL score and the 2-month
postoperative QOL score.

Table 3. Comparison of QOL Scores for Patients With PEH at 1-Year Barium-Contrast UGI Radiographic Examination

Symptom

QOL Score, Mean (SD)a

Preoperative
(n = 104)

2-mo FU
(n = 98) P Valueb

12-mo FU
(n = 78) P Valuec

36-mo FU
(n = 30) P Valued

Follow-up time, mo 2.7 (0.9) NA 13.2 (3.4) NA 43.5 (4.9) NA

Overall 28.50 (11.10) 10.18 (7.39) <.001 9.74 (8.69) <.001 12.13 (10.89) <.001

Acid refluxe 6.88 (3.25) 1.35 (2.37) <.001 1.42 (2.34) <.001 2.13 (3.18) .001

Postprandial chest pain 2.26 (1.82) 0.51 (1.02) <.001 0.45 (1.08) <.001 0.60 (1.19) .001

Early satiety 3.18 (1.88) 1.98 (1.57) <.001 1.86 (1.73) <.001 2.07 (1.70) .07

Nausea 1.69 (1.63) 0.73 (1.30) <.001 0.74 (1.29) <.001 0.77 (1.25) .08

Vomiting 1.45 (1.71) 0.44 (1.19) <.001 0.27 (0.82) <.001 0.20 (0.61) .001

Difficulty with swallowing 1.77 (1.74) 0.73 (1.10) <.001 0.78 (1.31) .001 0.67 (1.09) .01

Pain with swallowing 1.06 (1.50) 0.22 (0.62) <.001 0.27 (0.82) <.001 0.53 (0.90) .73

Bloating/gas 3.28 (1.71) 2.58 (1.66) .001 2.13 (1.72) <.001 2.23 (1.72) .05

Shortness of breath 2.28 (1.71) 0.78 (1.28) <.001 1.04 (1.60) <.001 1.40 (1.48) .01

Condition satisfaction 4.71 (1.04) 0.90 (1.66) <.001 0.81 (1.60) <.001 1.53 (2.01) <.001

Abbreviations: FU, follow-up; NA, not applicable; PEH, paraesophageal hernia;
QOL, quality of life; UGI, upper gastrointestinal tract.
a All questions on a validated gastroesophageal reflux disease–specific QOL tool

were rated on a scale of 0 to 5, with higher scores representing greater
severity of symptoms.

b Calculated as preoperative vs 2-month FU QOL score using Wilcoxon signed
rank test.

c Calculated as preoperative vs 12-month FU QOL score using Wilcoxon signed
rank test.

d Calculated as preoperative vs 36-month FU QOL score using Wilcoxon signed
rank test.

e Indicates acid reflux after meals and its severity (2 questions combined into
one).
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Table 4. Comorbidities and Radiographic Findings for Patients With PEH at 1-Year Barium-Contrast
UGI Radiographic Examination Stratified by Hernia Recurrencea

Characteristic
All Patients
(n = 70)

Hiatal Hernia Groupb

P Valuec
Nonrecurrent
(n = 51)

Recurrent
(n = 19)

Comorbidities

BMI, mean (SD) 30.06 (6.74) 30.06 (7.12) 30.13 (5.76) .99

BMI group

<25 6 (9) 5 (10) 1 (5)

.8125-29 30 (43) 22 (43) 8 (42)

≥30 34 (49) 24 (47) 10 (53)

Diabetes mellitus

No 63 (90) 47 (92) 16 (84)
.38

Yes 7 (10) 4 (8) 3 (16)

Previous smoker

No 47 (67) 32 (63) 15 (79)
.20

Yes 23 (33) 19 (37) 4 (21)

Current smoker

No 67 (96) 49 (96) 18 (95)
.99

Yes 3 (4) 2 (4) 1 (5)

Previous abdominal surgery

No 28 (40) 21 (41) 7 (37)
.74

Yes 42 (60) 30 (59) 12 (63)

History of pulmonary disease

No 41 (59) 31 (61) 10 (53)
.54

Yes 29 (41) 20 (39) 9 (47)

Preoperative dysphagia

No 46 (66) 31 (61) 15 (79)
.16

Yes 24 (34) 20 (39) 4 (21)

Preoperative heartburn

No 22 (31) 19 (37) 3 (16)
.09

Yes 48 (69) 32 (63) 16 (84)

Preoperative pain

No 36 (51) 28 (55) 8 (42)
.34

Yes 34 (49) 23 (45) 11 (58)

Radiographic

Hernia size, mean (SD), cm

Vertical 6.28 (3.31) 6.27 (3.67) 6.33 (2.24) .95

Horizontal 6.98 (4.21) 6.93 (4.00) 7.07 (4.86) .93

Vertical, cmd

<5.5 30 (50) 24 (56) 6 (35)
.15

≥5.5 30 (50) 19 (44) 11 (65)

Horizontal, cmd

<6.5 15 (48) 11 (52) 4 (40)
.70

≥6.5 16 (52) 10 (48) 6 (60)

Anatomyd,e

Type I 22 (39) 19 (46) 3 (19)
.06

Type II 35 (61) 22 (54) 13 (81)

Rotationd

Organoaxial rotation 16 (28) 12 (29) 4 (25)

.45Partial 20 (35) 12 (29) 8 (50)

None 21 (37) 17 (41) 4 (25)

Mobilityd

Normal 12 (33) 9 (33) 3 (33)
.99

Abnormal 24 (67) 18 (67) 6 (67)

Shortening of esophagusd

No 36 (77) 25 (74) 11 (85)
.70

Yes 11 (23) 9 (26) 2 (15)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
PEH, paraesophageal hernia; UGI,
upper gastrointestinal tract.
a Unless otherwise indicated, data are

expressed as number (percentage)
of patients.

b Nonrecurrent was defined as all
hernias of 2 cm or less; recurrent,
greater than 2 cm.

c Calculated using the Pearson χ2 test
or the Fisher exact test (when
appropriate) for categorical
variables and Wilcoxon rank sum
test for continuous variables.

d Denominator used to compute
percentages excluded cases with
unknown information on
radiographic findings.

e Type I preoperative hernia includes
cardia and fundus of stomach; type
II, at least the body or any portion of
the stomach distal to the body.
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All patients in our study underwent cruroplasty, fundo-
plication, and a posterior onlay of a biological mesh. Koch et
al17 evaluated 54 patients who underwent PEH repair with fun-
doplication, cruroplasty, and posterior onlay of a polyester
mesh (Parietex; Covidien) if a hiatus with a surface area of 5.60
cm2 or greater was present. The authors reported no signifi-
cant complications with the use of mesh and concluded that
recurrence was more likely with increased hiatal surface area.
Although mesh use is now widely accepted, especially in the
face of a large hiatus, substantial controversy remains sur-
rounding the choice of mesh (prosthetic vs biological). This
controversy mainly stems from lack of evidence from well-
designed studies using long-term functional outcomes. Many
studies have evaluated short-term outcomes from small se-
ries of patients using various mesh materials of different
shapes, sizes, and techniques. Two earlier randomized clini-
cal trials18,19 compared prosthetic mesh placement with pri-
mary suture repair and demonstrated a significantly reduced
recurrence rate in the mesh group. Unfortunately, use of pros-
thetic materials has been complicated by erosion, migration,
and fistualization of the mesh into neighboring viscera or ves-
sels and by dysphagia and esophageal dilation.20-22 These com-
plications have led surgeons to consider the use of biological
mesh. Although biological mesh can be more costly com-
pared with prosthetic materials or with not using any mesh,
many biological options are currently available that are rea-
sonably priced. Our choice of mesh for this study was based
on ease of use and availability in our institution and a cost of
approximately $1100 (a small fraction of the total hospital
costs). A randomized trial by Oelschlager et al23 compared pri-
mary repair with the use of a biological porcine submucosa
mesh. Recurrence rates at 6 months were lower in the mesh
group; however, in follow-up at 5 years, the recurrence rates
did not differ between the biological mesh and primary re-
pair groups.11 Similarly, Dallemagne et al24 reported a 66% re-
currence rate at a median follow-up of 99 months, although
their retrospective study had a fairly high loss to follow-up.

To date, our cohort has experienced a recurrence rate of
27% at approximately 1 year of follow-up, well within the re-
ported ranges of previously published studies. In their origi-
nal landmark report in 1967, Skinner and Belsey25 suggested
that most recurrences occur within 1 year. However, decades
later, Luketich et al26 reported a 15.7% recurrence rate at a me-
dian of 22 months. More recently, Jones et al27 reported in-
creased recurrence rates over time (40% by 5 years), which is
similar to findings by Oelschlager et al9 and Dallemagne et al.24

Based on these studies, a propensity for recurrence over time
is suggested, which ultimately may be demonstrated in our co-
hort as we continue to accrue and analyze our data.

Preexisting medical conditions have been implicated as risk
factors for postoperative recurrence of PEH. Other investigators
have suggested that obesity, smoking, and diabetes mellitus may
play a role. The clinical factors that we investigated, including
BMI, smoking, diabetes mellitus, pulmonary disease, previous
abdominalsurgery,preoperativedysphagia,heartburn,andpain,
were not significantly associated with radiographically recurrent
hernias. Nason et al8 examined many of these same patient fac-
tors and found only a trend toward an increased risk for radio-

graphic recurrence in patients with documented pulmonary dis-
ease but not based on BMI or preoperative hernia size. We may
conclude intuitively that the bigger the hernia, the more likely
it will be to recur. Among patients in our series who had most of

Table 5. Risk Factors for PEH Radiographic Recurrence
Based on Preoperative Clinical Characteristics
and Preoperative Radiographic Findingsa

Risk Factor OR (95% CI) P Valueb

Clinical

Age, y

<70 1 [Reference] NA

≥70 0.77 (0.26-2.27) .64

Female sex 0.91 (0.29-2.82) .86

BMI

<25 1 [Reference] NA

25-29 1.82 (0.18-18.03) .61

≥30 2.08 (0.22-20.17) .53

Gastropexy 0.51 (0.17-1.49) .22

Diabetes mellitus 2.20 (0.44-10.92) .33

Smoker

Previous 0.45 (0.13-1.55) .21

Current 1.36 (0.12-15.94) .81

Previous abdominal surgery 1.20 (0.40-3.56) .74

History of pulmonary disease 1.40 (0.48-4.03) .54

Preoperative symptom

Dysphagia 0.41 (0.12-1.43) .16

Heartburn 3.17 (0.81-12.31) .10

Pain 1.67 (0.58-4.85) .34

Radiographic

Vertical hernia size, cm

<5.5 1 [Reference] NA

≥5.5 2.32 (0.72-7.41) .16

Horizontal hernia size, cm

<6.5 1 [Reference] NA

≥6.5 1.65 (0.36-7.60) .52

Anatomyc

Type I 1 [Reference] NA

Type II 3.74 (0.93-15.14) .06

Rotation

None 1 [Reference] NA

Organoaxial rotation 2.83 (0.69-11.60) .15

Partial 1.41 (0.29-6.81) .66

Motility

Normal 1 [Reference] NA

Abnormal 1.00 (0.20-4.95) .99

Shortening of esophagus

No 1 [Reference] NA

Yes 0.51 (0.09-2.73) .43

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); NA, not applicable; OR, odds ratio;
PEH, paraesophageal hernia.
a Data were analyzed using univariate logistic regression analysis.
b Calculated using univariate logistic regression analysis.
c Type I preoperative hernia includes the cardia and fundus of the stomach; type

II, at least the body of the stomach or any portion of the stomach distal to the
body.
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the stomach herniated into the mediastinum preoperatively, a
disproportionate number developed recurrence, although this
finding was not statistically significant (P = .06).

Anecdotally, many surgeons are reluctant to offer hiatal her-
nia surgery to obese patients because of concerns regarding
recurrence; however, surprisingly few studies support this con-
cern. Obesity is a known risk factor for the development of hia-
tal hernia; on this basis, expecting an increased risk for PEH re-
currence after repair in obese patients seems reasonable.
Morgenthal et al28 demonstrated that patients with morbid obe-
sity (BMI >35) were more likely to experience treatment failure
after laparoscopic Nissen fundoplication, although their series
did not include patients with PEH. Other authors29,30 have
shown differing results, and more surgeons currently are offer-
ing morbidly obese patients concurrent bariatric surgery (sleeve
gastrectomy or Roux-en-Y gastric bypass) at the time of PEH re-
pair. The proponents of this approach31 imply that the weight
reduction that accompanies bariatric surgery will lower the re-
currence rate of PEH in these patients in addition to providing
the benefit that inheres as a result of the well-documented
improvement of obesity-related comorbidities.

Although we found attrition of the initial improvement re-
ported by some patients with regard to several individual symp-
toms (early satiety, nausea, and pain with swallowing), our pa-
tients sustained significant long-term improvement in their
overall gastroesophageal reflux disease–specific QOL scores and
condition satisfaction. A paucity of published studies address
long-term outcomes after PEH. Soricelli et al32 demonstrated that
QOL evaluation after laparoscopic repair of hiatal hernia re-
mained stable at a mean follow-up of 95.1 months. Although this
study did not consist solely of patients with PEH, other au-
thors have shown similar results. Mittal et al33 and Oelschlager
et al9 demonstrated high levels of patient satisfaction and long-
term maintenance of improvement in gastroesophageal reflux
disease symptoms at 5 years after laparoscopic repair of PEH.
Targarona et al34 recently reported clinical efficacy after lapa-
roscopic PEH repair at very long-term follow-up (≤160 months)
despite almost 50% of patients having small anatomic recur-
rences. As in our study, these groups reported sustained symp-

tom relief in most of the patients despite frequent radio-
graphic recurrences, and the need for reoperation was very low.

This study has several limitations. Because our study is on-
going, we have yet to acquire a large cohort of patients with
longer-term (ie, 3-year) follow-up. However, in view of the con-
sistency of the analysis so far, we anticipate that these findings
will be maintained as we continue to accrue more data. This
study is prospective, and we have a dedicated team adminis-
tering the QOL tool and scheduling clinical follow-up. Never-
theless, patients were lost to follow-up owing to unrelated
deaths and other factors (eg, patient relocation). Because our
institution is a tertiary referral center, a substantial proportion
of our patients are referred to us from distant sources, frequently
precluding us from consistently performing UGI examinations
at the 3-year period. Conversely, these patients were able to re-
spond to the QOL studies by telephone even when unable to
travel to undergo the UGI examination. Finally, this study did
not randomize patients into different treatment arms using vari-
ous repair techniques, and other issues surrounding recurrent
PEHs were not addressed, including type of recurrence or ana-
tomic pattern and time to recurrence.

Conclusions
Our analysis of difference in QOL scores after laparoscopic re-
pair of PEH with biological mesh suggests that, despite a high
recurrence rate identified with the UGI examinations, over-
all, patients experience excellent long-term symptom resolu-
tion. We were unable to identify significant factors that in-
crease the risk for recurrence, although the largest preoperative
hernias (containing most of the stomach) were more likely to
recur after repair. We believe that the cause may be multifac-
torial and individualized to each patient. As technical advance-
ments and surgical equipment continue to develop, possible
therapies may emerge that would help to alleviate the consis-
tently high recurrence rates associated with PEH repair in the
long term. Further evaluation of novel techniques and un-
identified patient factors is needed.
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Invited Commentary

Outcomes of Paraesophageal Hernia Repair
Dmitry Oleynikov, MD

The treatment of paraesophageal hernias (PEHs) is challeng-
ing. They tend to occur in patients in their seventh and eighth
decades of life with multiple medical problems and a variety

of associated symptoms. De-
tailed preoperative evalua-
tion is crucial to determining
a safe and effective strategy

for repair in the operating room. Laparoscopic repair has been
shown to be advantageous compared with conventional open
repair with regard to hospital stay, recovery time, and de-
creased complications.1 Although some results indicate that

higher recurrence rates occur in laparoscopic PEH repair
(LPEHR), the clinical significance of these recurrences has not
yet been determined.

Studies looking at repair of hiatal hernia with mesh are by
their very nature controversial. Results of long-term studies
of symptomatic and radiographic outcomes in these patients
are limited. In this issue of JAMA Surgery, Lidor et al2 address
this important topic by prospectively following up 111 pa-
tients who underwent LPEHR with posterior cruroplasty and
biological mesh followed by a Nissen fundoplication with or
without gastropexy. They used a modified gastroesophageal
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