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Abstract
Background The impact of surgical volume on perioperative results after a paraesophageal hernia (PEH) repair has not yet been
analyzed. We sought to characterize the trend of utilization of this procedure stratified by surgical volume in the USA, and
analyze its impact on perioperative outcomes.
Methods A retrospective population-based analysis was performed using the National Inpatient Sample for the period 2000–
2013. Adult patients (≥18 years old) who underwent PEH repair were included. Surgical volume was categorized as small (<6
operations/year), intermediate (6–20 operations/year), or high (>20 operations/year). Multivariable linear and logistic regression
models were used to assess the effect of surgical volume on patient outcomes.
Results A total of 63,812 patients were included. Over time, the rate of procedures across high-volume centers increased from
65.8 to 94.4%. The use of the laparoscopic approach was significantly different among the groups (small volume 38.4%;
intermediate volume 41.8%; high volume 67.4%; p < 0.0001). Patients undergoing PEH repair at high-volume hospitals were
less likely to experience postoperative bleeding, cardiac failure, respiratory failure, and shock. On average, patients at low- and
intermediate-volume hospitals stayed 0.8 and 0.6 days longer, respectively.
Conclusions A spontaneous centralization towards high-volume centers for PEH repair has occurred in the last decade. This
trend is beneficial for patients as it is associated with higher rates of laparoscopic operations, decreased surgical morbidity, and a
shorter length of hospital stay.
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Introduction

Paraesophageal hernias (PEH) account for 5% of all hiatal
hernias1, and they are associated with potentially lethal com-
plications such as volvulus, strangulation, incarceration, and
perforation2. Surgical treatment is considered mainly for
symptomatic PEH, and given the progressive aging of the
US population, the number of PEH repairs is expected to
increase in the future3.

The relationship between surgical volume and postopera-
tive morbidity and mortality has been examined in many pre-
vious studies4–7. However, most of them focused on the most
demanding oncologic surgical procedures such as pancreatec-
tomy or esophagectomy, showing significantly lower rates of
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postoperative morbidity and mortality in high-volume
centers8–10. Despite this, the impact of surgical volume on
postoperative results after surgery for benign esophageal dis-
orders remains elusive. Colavita and colleagues11 reported
that the percentage of anti-reflux operations has increased in
low-volume centers with a consequent increase in postopera-
tive complications. For esophageal myotomy, Wang et al.12

showed that a larger volume of procedures in a hospital was
associated with shorter length of stay and lower total charges.

To our knowledge, the impact of surgical volume on peri-
operative results after a PEH repair has not yet been analyzed.
Therefore, the aims of this study were as follows: (a) to char-
acterize the trend of utilization of PEH repair stratified by
surgical volume in the USA and (b) to analyze the impact of
surgical volume on perioperative outcomes.

Methods

Study Design and Population

A cohort of patients was identified using the National Inpatient
Sample (NIS) database between January 1, 2000 and
December 31, 2013. The NIS is the largest publically available
all-payer healthcare database in the USA and includes over 7
million hospitalizations from 1000 hospitals each year,
representing a 20% stratified sample of all hospitals in the
USA. In 2012, the NIS redesigned the sampling strategy from
a 20% stratified sample of hospitals to a 20% stratified random
sample of all discharges. Eligible patients were identified using
International Classification of Disease, ninth revision, Clinical
Modification (ICD-9-CM) diagnostic and procedural codes.
This study was approved by the University of North Carolina
School of Medicine Institutional Review Board.

Adult patients (≥18 years old) diagnosed with a
paraesophageal hernia (ICD-9-CM 551.3, 552.3, and 553.3) or
gastroesophageal reflux disease (530.11, 530.81, and 530.85),
and who underwent paraesophageal hernia repair (53.7–53.75,
53.80, and 53.83) during their inpatient hospitalization, were
eligible for inclusion. Hernia repair was further classified as
either abdominal (53.7–53.75) or thoracic (53.8, 53.80, and
53.83), as well as either open (53.72, 53.75, and 53.80), laparo-
scopic (53.71), or thoracoscopic (53.83). Laparoscopic proce-
dures were also identified using non-specific laparoscopic and
robot-assisted procedural codes (17.42 and 54.21).

Relevant comorbidities included hypertension (401–401.9
and 402–402.91), primary and secondary diabetes (249–
249.91 and 250–250.93), obesity (278–278.8), renal insuffi-
ciency (585–585.9), coronary artery disease (414–414.9), pe-
ripheral vascular disease (443–443.9), chronic obstructive
pulmonary disease (491–492.8), and sleep apnea (327.23).

Surgical outcomes of interest were mortality, postoperative
complications, length of stay, and total charges. Postoperative

complications included venous thromboembolism (415.11,
453.40–453.42, and V12.51), wound complications (998.13,
998.30–998.32, and 998.83), infection (54.91, 86.04, 567.22,
569.5, 995.9–995.99, 996.64, 998.5–998.59, and 999.3–
999.39), esophageal perforation (42.82 and 530.4), bleeding
(99.0–99.09, 998.11, and 998.12), shock (998.0–998.09), car-
diac failure (410–410.9, 428–428.9), renal failure (38.95,
39.95, 584–584.9, 586, and V45.11), and respiratory failure
(31.1–31.29, 96.04, 96.05, 96.7–96.72, and 799.1). A com-
posite complication (i.e., at least one postoperative complica-
tion) was also analyzed.

Statistical Analyses

Patient demographics, hospital characteristics, and procedure
type were compared across hospital surgical volume using
chi-square and Wilcoxon-Mann-Whitney tests, where appro-
priate. Overall hospital surgical volume was determined using
the 30th and 60th percentile cut points using weighted dis-
charges. Surgical volume was categorized as small (<6 oper-
ations/year), intermediate (6–20 operations/year), or high
(>20 operations/year). Unadjusted, bivariate analyses of mor-
tality, length of stay, hospital charges, and complication inci-
dence across low, intermediate, and high surgical volume was
also assessed using chi-square and Wilcoxon-Mann-Whitney
tests. A p value <0.05 was considered significant.

The yearly incidence of paraesophageal hernia repair strat-
ified across hospital volume, was calculated using Poisson
regression and expressed as the number of procedures per
100 patients. Weighted discharge records were also used.
Due to changes in NIS sampling strategy, discharge records
from 2012 and 2013 were excluded in the trend analysis.

Missing data for gender (n = 51, 0.1%), race/ethnicity
(n = 9047, 14.2%), primary insurance (n = 378, 0.6%), house-
hold income (n = 1338, 2.1%), admission type (n = 25,326,
39.7%), hospital teaching status (n = 347, 0.5%), and bed size
(n = 347, 0.5%) were estimated using Markov Chain Monte
Carlo (MCMC) multiple imputation, n = 40. A non-
informative prior, 200 burn-in iterations and 100 iterations
between imputations was specified. MCMC models included
the variables with missing data plus benign esophageal diag-
nosis, the outcomes of interest (i.e., each postoperative com-
plication, length of stay, and hospital charges), admit year,
age, comorbidities, and hospital region. Variables estimates
were not rounded or bounded.

Main effect multivariable analyses on the potential effect of
surgical volume on patient outcomes were performed using
linear and logistic regression, where appropriate, on the im-
puted datasets. Models were adjusted for admit year, age, gen-
der, race/ethnicity, comorbidities, primary insurance, house-
hold income, admit type, laparoscopic procedure, hospital re-
gion, teaching status, and size. Patient age was modeled as
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linear variable as determined by functional form assessment
and centered at 50 years old.

All analyses were performed using SAS software version
9.4 (SAS Inc., Cary, NC).

Results

A total of 63,812 patients were included. During the study
period, 84.0% of patients underwent PEH repair in high-
volume hospitals, 11.9% in intermediate-volume hospitals,
and 4.1% in low-volume hospitals. The use of the laparoscop-
ic approach was significantly different among the groups
(small volume 38.4%; intermediate volume 41.8%; high vol-
ume 67.4%; p < 0.0001). Demographic and patient character-
istics, stratified by hospital volume, are described in Table 1.

Between 2000 and 2011, the rate of procedures across hos-
pital volume has significantly changed (p < 0.0001).
Specifically, the number of procedures, per 100 patients, oc-
curring at high-volume hospitals, significantly increased from
65.8 procedures/100 patients to 94.4 procedures/100 patients
between 2000 and 2011, while the number of procedures at
low- and intermediate-volume hospitals has decreased from
9.0 and 25.2 procedures/100 patients to 1.2 and 4.4
procedures/100 patients, respectively (Fig. 1).

As compared to high-volume hospitals, low and
intermediate-volume hospitals had a significantly higher inci-
dence of complications (26.4 and 24.1%, respectively, vs.
12.7%; p < 0.0001). Specifically, patients at low- and
intermediate-volume hospitals had higher rates of postoperative
wound complications, infection, esophageal perforation, bleed-
ing, cardiac failure, renal failure, respiratory failure, and inpa-
tient mortality. The median length of hospital stay was 5 days
(interquartile range [IQR] 2–9) for low-volume hospitals, 4 days
(IQR 2–8) for intermediate-volume hospitals, and 2 days (IQR
1–4) for high-volume hospitals (p < 0.0001). No significant
differences were seen in hospital charges, p = 0.10 (Table 2).

After adjusting for patient and hospital characteristics, pa-
tients receiving care at a low-volume (OR 1.23, 95% CI 1.11,
1.38, p = 0.0002) and intermediate-volume (OR 1.18, 95% CI
1.10, 1.26) hospitals were still more likely to have postoperative
complications, compared to patients at high-volume hospitals
(Table 3). Specifically, patients at low-volume hospitals were
more likely to have postoperative bleeding (OR 1.20, 95% CI
1.03, 1.40), cardiac failure (OR 1.28, 95% CI 1.08, 1.52), and
respiratory failure (OR 1.45, 95% CI 1.22, 1.72). Patients at
intermediate-volume hospitals were more likely to have postop-
erative bleeding (OR 1.23 95% CI 1.11, 1.36), respiratory fail-
ure (OR 1.35, 95%CI 1.20. 1.52), and shock (OR 1.77, 95%CI
1.13, 2.78). On average, patients at low-volume hospitals stayed
0.8 days longer (95% CI 0.52, 1.04) and patients at
intermediate-volume hospitals stayed 0.6 days longer (95% CI

0.45, 0.77). No significant differences in average hospital
charges were seen across hospital volumes (Table 3).

Discussion

The aims of this study were to characterize the trend of utili-
zation of PEH repair stratified by surgical volume in the USA,
and analyze its impact on perioperative outcomes. We found
that the percentage of procedures performed at high-volume
hospitals has significantly increased in the last decade. In ad-
dition, we found that patients undergoing PEH repair at high-
volume hospitals had lower rates of postoperative complica-
tions and shorter length of hospital stay.

Several studies have shown the potential advantages of cen-
tralizing esophageal and other high-risk procedures into spe-
cialized centers13–15. Other procedures such as anti-reflux sur-
gery or PEH repair are considered a component of the general
surgeon’s armamentarium, and therefore more difficult to be
regionalized. A recent study showed that the percentage of anti-
reflux operations has increased in low-volume hospitals
(33.3% in 1999 and 40.4% in 2009)11. Surprisingly, we noticed
a spontaneous centralization for PEH repair in the last decade
in the USA. The percentage of procedures occurring at high-
volume hospitals increased from 65.8 to 94.4% in the period
2000–2011. We can speculate that the increase in referral to
specialized centers was a consequence of the complexity of this
operation, which may be associated with serious complications
and high incidence of recurrence.

Our intergroup comparisons of perioperative outcomes by
hospital volume indicated that a higher volume (>20 PEH
repair/year) was associated with fewer postoperative compli-
cations and shorter length of hospital stay. Advancements in
surgical technology and technique and significant improve-
ments in perioperative care may explain the better outcomes
obtained in high-volume centers. In fact, several studies have
demonstrated a consistent improvement in postoperative out-
comes associated with increased hospital volumes for differ-
ent surgical procedures8–12. In contrast to evaluating highly
complex procedures, we found that volume is important also
for PEH repair. Patients at high-volume hospitals were less
likely to experience postoperative morbidity, and had shorter
length of hospital stay. Unfortunately, with the NIS dataset we
were not able to determine the surgical complexity of the cases
(size of hernia or redo operations). However, if more of these
complex PEH repairs are being done in high-volume centers,
the outcome differences we noticed may be even more dra-
matic and favor these specialized centers. In fact, the propor-
tion of patients with hypertension, diabetes, and obesity was
higher in high-volume centers. This is not an uncommon re-
ferral pattern as complex patients benefit from the variety of
services offered at large teaching hospitals.
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Surprisingly, the median age of patients at low- and
intermediate-volume centers was 66 and 65 years, respective-
ly, and 54 years at high-volume centers. In addition, other
patient’s characteristics were different across hospital volume.
High-volume hospitals were more likely to have patients

covered by private insurance, which younger individuals are
more likely to have (patients who are ≥65 years old qualify for
Medicare, which is considered public insurance).
Additionally, hospital characteristics (e.g., type, region) were
different across hospital volume, which could also impact the

Table 1 Distribution of patient
and hospital characteristics
among adult patients undergoing
paraesophageal hernia repair
between 2000 and 2013, stratified
by hospital volume, n = 63,812

Low volume

2630 (4.1%)

Intermediate volume

7562 (11.9%)

High volume

53,620 (84.0%)

Gender, n (%)

Male 851 (32.4) 2329 (30.8) 12,845 (24.0)

Female 1777 (67.6) 5229 (69.2) 40,730 (76.0)

Age, median (IQR) 66 (53–77) 65 (52–76) 54 (43–66)

Race/ethnicity, n (%)

Non-Hispanic white 1799 (82.0) 5158 (83.0) 35,762 (77.2)

Non-Hispanic black 130 (5.9) 353 (5.7) 4807 (10.4)

Hispanic 176 (8.0) 520 (8.4) 3756 (8.1)

Other 89 (4.1) 186 (3.0) 2029 (4.4)

Primary insurance, n (%)

Private 884 (33.8) 2697 (35.9) 30,315 (56.9)

Public 1538 (58.7) 4374 (58.2) 19,807 (37.2)

Other/self-pay 197 (7.5) 448 (6.0) 3174 (6.0)

Comorbidities, n (%)

Hypertension 1177 (44.8) 3530 (46.7) 26,407 (49.3)

Diabetes 299 (11.4) 848 (11.2) 9535 (17.8)

Obesity 380 (14.5) 1447 (19.1) 30,026 (56.0)

Renal insufficiency 72 (2.7) 187 (2.5) 993 (1.9)

Coronary artery disease 243 (9.2) 726 (9.6) 3819 (7.1)

Peripheral vascular disease 27 (1.0) 68 (0.9) 442 (0.8)

COPD 68 (2.6) 156 (2.1) 576 (1.1)

Sleep apnea 86 (3.3) 384 (5.1) 8901 (16.6)

Elective admission, n (%) 876 (57.5) 2558 (56.7) 25,562 (78.4)

Approach, n (%)

Abdominal, laparoscopic 1010 (38.4) 3157 (41.8) 36,154 (67.4)

Abdominal, open 1422 (54.1) 3775 (49.9) 14,569 (27.2)

Thoracic, laparoscopic 26 (1.0) 96 (1.3) 791 (1.5)

Thoracic, open 172 (6.5) 534 (7.1) 2106 (3.9)

Hospital size, n (%)

Small 690 (26.3) 1434 (19.0) 7890 (14.8)

Medium 831 (31.7) 2377 (31.5) 13,214 (24.8)

Large 1104 (42.1) 3730 (49.5) 32,195 (60.4)

Hospital type, n (%)

Urban, teaching 458 (17.5) 2372 (31.5) 31,379 (58.9)

Urban, non-teaching 1385 (52.8) 4003 (53.1) 19,666 (36.9)

Rural, non-teaching 782 (29.8) 1,166,915.5) 2254 (4.2)

Hospital region, n (%)

Northeast 392 (14.9) 1269 (16.8) 11,715 (21.9)

Midwest 667 (25.4) 1887 (25.0) 10,431 (19.5)

South 1036 (39.4) 2761 (36.5) 20,172 (37.6)

West 535 (20.3) 1645 (21.8) 11,302 (21.1)

IQR interquartile range, COPD chronic obstructive pulmonary disease
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distribution of age in patient population. We believe that the
difference in age was most likely due to differences in case
mix across hospitals. There is no reason to suspect that coding
practices (i.e., patient selection) were the cause of the differ-
ence in age, although this assumption cannot be tested in the
data. For example, for age to be associated with selection,
high-volume hospitals would have to systematically code pa-
tient procedures differently between their older and younger

patients. This is unlikely, especially considering that these
procedure codes are used for billing purposes.

Interestingly, we found that the use of the laparoscopic
approach was significantly different among the different vol-
ume hospitals (small volume 38.4%; intermediate volume
41.8%; high volume 67.4%). Previous studies have shown
that laparoscopic PEH repair, as compared to open, was asso-
ciated with significantly better postoperative outcomes in

Table 2 Incidence of
postoperative complications,
length of stay, and total hospital
charges, among adults
undergoing paraesophageal
hernia repair, stratified by hospital
surgical volume, n = 63,812

Low volume

2630 (4.1%)

Intermediate volume

7562 (11.9%)

High volume

53,620 (84.0%)

p valuea

Postoperative complications, n (%)

Venous thromboembolism 74 (2.8) 239 (3.2) 1541 (2.9) 0.37

Wound complications 21 (0.8) 77 (1.0) 241 (0.5) <0.0001

Infection 124 (4.7) 312 (4.1) 999 (1.9) <0.0001

Esophageal perforation 31 (1.2) 108 (1.4) 292 (0.5) <0.0001

Bleeding 274 (10.4) 733 (9.7) 2286 (4.3) <0.0001

Cardiac failure 215 (8.2) 503 (6.7) 1785 (3.3) <0.0001

Renal failure 137 (5.2) 357 (4.7) 1211 (2.3) <0.0001

Respiratory failure 231 (8.8) 593 (7.8) 1540 (2.9) <0.0001

Shock <11 36 (0.5) 78 (0.2) <0.0001

Mortality 77 (2.9) 178 (2.4) 405 (0.8) <0.0001

Any complication,b n (%) 693 (26.4) 1822 (24.1) 6825 (12.7) <0.0001

Length of stay, in days, median (IQR) 5 (2–9) 4 (2–8) 2 (1–4) <0.0001

Charges, in thousands, median (IQR) 35 (21–63) 37 (22–64) 37 (24–57) 0.10

p values <0.05 are denoted in italics

IQR interquartile range
a Chi-square and Wilcoxon-Mann-Whitney tests were used, where appropriate
b At least one postoperative complication (compared to no complications)

Fig. 1 Yearly rate of
paraesophageal hernia repair
procedures, per 100 patients,
stratified by low (solid line),
intermediate (long-dashed line),
and high (short-dashed line)
surgical volume
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terms of morbidity, mortality, length of hospital stay, and
costs16–19. The percentage of laparoscopic PEH repair at
high-volume centers (67.4%) could still be considered low.
In fact, the rates of laparoscopic surgery in the US are some-
how surprising. A recent study compared the perioperative
outcomes and costs between laparoscopic and open anti-
reflux surgery using the NIS database20. Regardless of the
well-known advantages of laparoscopic surgery, in the period
2000–2013, 41.6% of the anti-reflux operations in the USA
were still performed either through a laparotomy or a
thoracotomy20. Colorectal surgery is another important exam-
ple. A recent study showed that the percentage of open
colectomies in the USA is still 64.3% with NIS data (period
2006–2012), and 51%with the American College of Surgeons
National Surgical Quality Improvement Program (NSQIP) da-
ta (period 2006–2013)21. Although in our analysis high-
volume centers had better outcomes even after adjusting for
surgical approach, we believe that the early adoption of lapa-
roscopic surgery in specialized centers will also contribute to
even better postoperative results in those patients.

We also found higher percentage of patients admitted elec-
tively at high-volume hospitals (78.4 vs. 57.5% and 56.7% at
low- and intermediate-volume hospitals, respectively).
Emergent PEH repair has shown to be associated with mark-
edly higher mortality and morbidity than elective repair22,23.

Augustin et al.24 reported that the increased mortality among
patients undergoing emergent PEH was related to patient’s co-
morbidities, preoperative sepsis, and open surgical approach.
This is not surprising as emergent cases usually involve sick
and elderly patients, very often with sepsis. The higher percent-
age of elective cases may have contributed to the higher num-
ber of laparoscopic operations at high-volume centers. It is
worth to mention, however, that the better outcomes achieved
in these centers were independent from the type of admission,
as the models were adjusted for that variable.

Limitations of our study include that NIS does not link
hospital records, meaning that patients’ outcomes, including
complications, readmission, and mortality, occurring after the
initial hospital discharge, are unable to be measured. There is
also potential for coding errors and differences in coding prac-
tices across hospitals in a large administrative database. In
addition, details about the complexity of the cases are not
provided by NIS (previous surgical history of the patients,
type or size of the hernias, redo operations), and we were
not able to adjust for it.

Despite these limitations, this is the first study that shows
the importance of surgical volume to obtain better postopera-
tive results after PEH repair. This study warrants serious con-
sideration by healthcare professionals, insurance companies,
and patients. Based on our results, we believe that volume

Table 3 Adjusted odds ratios of low and intermediate surgical volume hospitals, compared to high volume, on postoperative complications, length of
stay, and hospital charges among adult patients undergoing paraesophageal hernia repair

Low volume Intermediate volume

Odds ratio 95% CI p value Odds ratio 95%CI p value

Postoperative complications

Venous thromboembolism 0.92 0.71, 1.17 0.49 0.99 0.85, 1.16 0.93

Wound complications 0.84 0.51, 1.36 0.47 1.23 0.92, 1.64 0.17

Infection 1.16 0.93, 1.45 0.19 1.14 0.98, 1.33 0.08

Esophageal perforation 0.95 0.63, 1.44 0.82 1.24 0.96, 1.59 0.10

Bleeding 1.20 1.03, 1.40 0.01 1.23 1.11, 1.36 <0.0001

Cardiac failure 1.28 1.08, 1.52 0.006 1.07 0.95, 1.21 0.29

Renal failure 1.11 0.89, 1.39 0.34 1.14 0.99, 1.33 0.07

Respiratory failure 1.45 1.22, 1.72 <0.0001 1.35 1.20, 1.52 <0.0001

Shock 1.29 0.62, 2.68 0.49 1.77 1.13, 2.78 0.01

Mortality 1.24 0.93, 1.66 0.14 1.13 0.92, 1.39 0.24

Any complicationa 1.23 1.11, 1.38 0.0002 1.18 1.10, 1.26 <0.0001

Change in estimate 95% CI p value Change in estimate 95% CI p value

Length of stay, in days 0.80 0.52, 1.04 <0.0001 0.63 0.45, 0.77 <0.0001

Charges, in thousands −0.40 −3.01, 2.33 0.80 −0.19 −1.87, 1.49 0.82

Models were adjusted for admit year, age, gender, race/ethnicity, insurance type, income, comorbidities, admit type, laparoscopic procedure, hospital
size, location/teaching status, and region; missing data was imputed usingMarkov ChainMonte Carlo multiple imputation. p values <0.05 are denoted in
italics

CI confidence interval
a At least one postoperative complication (compared to no complications)
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standards should be implemented. Designating centers of ex-
cellence for PEH repair based on local expertise will improve
postoperative outcomes.

Conclusions

A spontaneous centralization towards high-volume centers for
PEH repair has occurred in the last decade in the USA. High-
volume hospitals are associated with higher rates of laparo-
scopic operations, decreased surgical morbidity, and shorter
length of hospital stay. Volume standards should be imple-
mented in order to obtain better postoperative outcomes.
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