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Abstract

Background: National rates of laparoscopic antireflux
surgery grew steadily in the 1990s. Since then, a highly
visible randomized trial has questioned the long-term
effectiveness of antireflux surgery, several new endo-
scopic therapies have been developed, and proton pump
inhibitors have become available over the counter.
Whether these recent developments have had an impact
on the use of antireflux surgery remains unknown.
Methods: Using data from the Nationwide Inpatient
Sample, this study identified all patients older than 18
years who underwent antireflux surgery between 1994
and 2003. Sampling weights were used to estimate the
total number of procedures performed in the United
States each year. Population-based rates were deter-
mined using denominators from U.S. census data.
Results: Confirming the results of earlier studies, this
study found that the annual number of antireflux pro-
cedures grew rapidly during the 1990s, peaking at 31,695
(15.7 cases per 100,000 adults) in 1999. After 1999, sur-
gical rates declined steadily, falling approximately 30%
by 2003 to 23,998 (11 cases per 100,000; p < 0.0001). Use
of antireflux procedures fell more precipitously among
younger patients (39% for 30- to 49-year-olds vs 12.5%
for those older than 60 years; p < 0.0001) and at
teaching hospitals (36% vs 23% at nonteaching hospitals;
p < 0.0001). The proportion of cases managed laparo-
scopically remained stable after 1999.

Conclusions: The use of antireflux surgery in the United
States has declined substantially. Although other factors
may be involved, this trend may reflect new questions
about the long-term effectiveness of surgery and suggests
the need for prospective randomized clinical trials
assessing current therapies.
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The rates for antireflux surgery in the United States
increased dramatically during the 1990s. Between 1990
and 1997, population-based rates of antireflux surgery
rose nearly threefold, from 4.4 to 12 procedures per
100,000 adults [4]. Increases in procedure rates were no
doubt attributable in part to the dissemination of lapa-
roscopic techniques for fundoplication.

After the introduction of laparoscopic Nissen
fundoplication in 1991, the proportion of antireflux
procedures performed laparoscopically increased to 65%
by 1997 [3, 4]. Growing interest in antireflux surgery also
may have been fueled by the results of a large random-
ized controlled trial from the Department of Veterans
Affairs (VA) Cooperative Studies Program demonstrat-
ing the early effectiveness of surgical therapy [16].

Over the past few years, however, several factors may
have dampened enthusiasm for antireflux surgery. Late
follow-up data from the same VA trial raised questions
about the long-term effectiveness of surgery in terms of
alleviating reflux symptoms and keeping patients off
medications [17]. Although not a primary end point of
the study, higher long-term mortality was noted among
the patients undergoing surgery. Other factors that may
have reduced patient referrals to surgeons for antireflux
surgery include the availability of over-the-counter pro-
ton pump inhibitors since 2003 and new endoscopic
therapies for treating gastroesophageal reflux.

Whether these recent developments have had a
measurable effect on the use of antireflux surgery has
not been explored. For this reason, we examined recent
trends in procedure rates using data from the Nation-
wide Inpatient Sample (NIS), the largest all-payer
inpatient care database in the United States.

Methods

Database

Hospital discharge data were obtained from the NIS on the Healthcare
Cost and Utilization Project for the years 1994 to 2003. The NIS was
designed to provide national estimates of health care utilization. The



database consists of all discharge abstracts from a 20% stratified prob-
ability sample of U.S. nonfederal, nonmilitary hospitals. The hospitals
are divided into strata on the basis of five characteristics: ownership/
control, bed size, teaching status, urban/rural location, and U.S. region.

Each year, the NIS provides information on 5 to 8 million inpa-
tient stays from approximately 1,000 hospitals. The data include pa-
tient-level clinical, demographic, and resource use information.
Discharge data are weighted to facilitate the calculation of national
estimates of utilization measures [6].

Patient selection

We used International Classification of Diseases (ICD-9) procedure
and diagnosis codes to identify all hospitalizations during which an
antireflux procedure was performed, according to the method estab-
lished by Finlayson et al. [4]. Specifically, the procedure codes 44.65
(esophagogastroplasty) and 44.66 (other procedure for creation of
esophagogastric sphincteric competence) were used to identify an an-
tireflux procedure. Given the more general description of code 44.65,
we excluded records with this procedure code that did not also include
the diagnosis codes for esophagitis, gastroesophageal reflux, esopha-
geal ulcer, or diaphragmatic hernia, namely, 530.10, 530.11, 530.19,
530.81, 530.20, and 553.3. For both procedure codes, we excluded
cases with a diagnosis code for achalasia (530.0), esophageal cancer
((150.0-150.5, 150.8-150.9), or diaphragmatic hernia with obstruction
(552.3) or gangrene (551.3). We also excluded cases coded as an
emergency hospital admission.

Before 2004, there were no specific ICD-9 codes to identify whe-
ther antireflux procedures were performed laparoscopically. Using the
approach of Finlayson et al. [4], we estimated the number of laparo-
scopic antireflux operations from cases with a separate laparoscopic
code listed in addition to the procedure codes listed earlier. These
additional codes included those for diagnostic laparoscopy (54.21),
laparoscopic cholecystectomy (54.22), and laparoscopic lysis of adhe-
sions (54.51). We also included cases with antireflux surgery codes
associated with a live discharge and a hospital stay of 2 days or longer.

Data analysis

Our primary objective was to evaluate secular trends in rates of antire-
flux surgery in the United States from 1994 to 2003. For the numerator,
the annual number of antireflux procedures performed was estimated
using sampling weights provided with the NIS data set. For the
denominator, we used data from the U.S. Census Bureau to obtain year-
specific estimates of both the total adult population (age 18 years and
older) as well as the population for individual age groups. This allowed
us to determine overall and age-specific trends in surgical utilization.

After the surgical rates had been plotted, it was readily apparent
that utilization increased steadily throughout the 1990s, peaked in
1999, and fell rapidly through 2003. Given the monotonic nature of the
decline after 1999, we applied linear regression methods to assess the
significance of the rate decrease between 1999 and 2003.

For a better understanding of the trends in overall rates, we
sought to determine whether patient, hospital, or operative charac-
teristics associated with antireflux surgery have changed over time.
Secular trends for dichotomous variables (gender, in-hospital mortal-
ity, concurrent splenectomy, operative approach, hospital teaching
status) were tested for significance using logistic regression, with year
as a continuous independent variable. The Wilcoxin rank-sum test was
used to evaluate continuous dependent variables (patient age, length of
hospital stay). The Cochran—-Mantel-Haenszel test was used to assess
the significance of differences in the rate of decline in antireflux surgery
by age group, gender, and hospital type, adjusting for year. All sta-
tistical analyses were conducted using SAS software version 9.1.2 (SAS
Institute Inc, Cary, NC, USA).

Results

Confirming the results of previous studies, we found
that the rates of antireflux surgery for adults climbed
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Fig. 1. Annual number of antireflux surgery procedures performed in
the United States, based on data from the Nationwide Inpatient
Sample, 1994 to 2003.

steadily throughout the 1990s, peaking in 1999 at 31,695
cases (15.7 per 100,000) (Fig. 1). This was more than
twice the number of cases managed in 1994 (12,661, or
6.6 per 100,000). After 1999, however, the number of
antireflux operations declined substantially, falling to
23,998 cases (11 per 100,000) by 2003, a drop of 30%
(p < 0.002) (Fig. 1).

Trends in surgery utilitzation after 1999 varied by
age, gender, and hospital teaching status. The decline in
antireflux operations was greatest among younger
patients (Fig. 2). Between 1999 and 2003, surgery
rates fell by 38% for patients 18 to 39 years of age, as
compared to 12.5% for patients older than 60 years
(p < 0.0001). The median age of patients undergoing
surgery rose accordingly, from 48 to 52 years
(p < 0.0001) (Table 1). In addition, utilization of anti-
reflux surgery declined to a greater extent among male
patients (41% vs 22% among females; p < 0.0001) and
at teaching hospitals (36% vs 23% at nonteaching
hospitals; p < 0.0001) (Fig. 2).

There was no appreciable change in operative
approach or surgical outcomes during the study period.
The proportion of cases managed laparoscopically
remained stable between 1999 and 2003 (69% vs 68%;
p = 0.548). In addition, there were no changes in the
rates of splenectomy (0.9%), in-hospital mortality
(0.3%), or median length of hospital stay (2 days
(Table 1).

Discussion

Like previous studies using similar methods and data
sources, this population-based study demonstrated a
rapid rise in antireflux surgery rates during the 1990s. In
contrast, the utilization of antireflux surgery declined
dramatically after its peak in 1999. The overall popu-
lation-based rate for antireflux surgery fell by 30% be-
tween 1999 and 2003, with no indication of a plateau in
declining operative rates.

A potential limitation of this study is that the NIS
database does not include operations performed at
outpatient surgical centers. Recently, there has been
increasing interest in laparoscopic antireflux surgery
performed at outpatient centers, with several reports
documenting the safety of this approach [5, 13]. Still, the
majority of antireflux operations are performed in an
inpatient setting. Although the annual rate of outpatient
procedures is unknown, it is unlikely that these cases
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Age Gender

18-39 40-59 >60 ‘ Male Female

Teaching Non-teaching

Change in Rate (%)
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Table 1. Annual case numbers and population-based rates, patient
and hospital characteristics, and surgical outcomes from antireflux
surgery in 1999 and 2003, based on data from the Nationwide In-
patient Sample, 1994 to 2003

Year

1999 2003 p Value
No. of procedures 31,695 23,998
N. of procedures per 100,000 adults 15.7 11.0 <.0001
Laparoscopic (%) 69 68 0.548
Median age (years) 48 52 <.0001
Gender (% female) 56 63 <.0001
Teaching hospitals (%) 53 48 <.0001
In-hospital mortality (%) 0.4 0.5 0.300
Splenectomy (%) 0.9 0.9 0.949
Median length of stay (days) 2 2 0.044

account for a significant proportion of the observed
decline in antireflux surgery.

Our study does not explicitly address the question of
why rates of antireflux surgery have declined in recent
years, but there are several potential explanations. To
begin with, there appears to be uncertainty among
gastroenterologists, other referring physicians, and per-
haps even surgeons regarding the overall benefits of
antireflux surgery. Although the introduction of lapa-
roscopic techniques has improved patient acceptance of
antireflux surgery, several authors have voiced concern
about the associated morbidity and long-term effec-
tiveness of these procedures [1, 7, 8]. Supporting these
concerns, long-term outcomes from a widely publicized
randomized trial comparing open surgical and medical
therapy for gastroesophageal reflux disease (GERD)
demonstrated that 62% of patients in the surgical arm
had resumed antireflux medications 10 years after
treatment [17]. Our finding that rates of antireflux sur-
gery have declined most sharply among younger
patients suggests that referring physicians may be
reserving surgical therapy for patients with refractory,
long-standing disease.

Another factor underlying declining surgery rates
may be growing interest in nonsurgical treatments of
GERD. Medical therapy with proton pump inhibitors
(PPIs) has proved to be highly effective in controlling
reflux symptoms for most patients and currently is
generally considered to be the mainstay of treatment.
Given their safety profile, there also has been less con-
cern about long-term use of PPIs for maintenance
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Fig. 2. Change in rate of antireflux surgery
between 1999 and 2003 by age group, gender and
hospital type, based on data from the Nationwide
Inpatient Sample, 1994 to 2003.

therapy [9]. Furthermore, the recent approval of
omeprazole for over-the-counter use has meant that
PPIs are now readily available to patients and less
expensive.

In addition to medical therapy, endoscopic treat-
ments for GERD have been introduced as an alternative
to surgery. Although data on long-term effectiveness are
lacking, more than 10,000 of these endoluminal proce-
dures have been performed in the United States [14].

Although our study does not provide data on this
question, it is possible that declining rates for antireflux
surgery are causally related to the rapid growth of
bariatric surgery during the same time period [18]. The
two groups of procedures tend to be performed by
general surgeons with overlapping skills and interests.
As the practices of many of these surgeons have become
saturated with bariatric surgery, it is possible that they
have become less “aggressive’ with regard to GERD.
Furthermore, gastric bypass may have replaced fundo-
plication for some patients with GERD, given recent
evidence that this bariatric procedure may be the most
effective treatment for GERD for obese patients [11, 12].

Finally, it is worth considering the possibility that
the drop in rates for antireflux surgery may be attrib-
utable to a “‘reservoir effect.” After the introduction of
laparoscopic cholecystectomy in 1991, overall chole-
cystectomy rates rose sharply over several years, then
declined (although to a rate higher than before 1991) [2,
19]. Some have speculated that these trends reflect a
“reservoir”’ of mildly symptomatic patients not quite
bothered enough to have open surgery before 1991 [10].
Thus, the rates grew rapidly as pent-up demand was met
by new technology, but fell again once it was exhausted.
Although conceptually plausible, this explanation seems
less likely to explain trends in antireflux surgery. Given
the nearly 20 million Americans with significant GERD
[15], it is hard to imagine that surgeons made a signifi-
cant dent in the reservoir of patients with GERD by
managing 20,000 to 30,000 cases per year during the
1990s.

Whether justified or not, it is clear that fewer patients
with GERD are undergoing surgical intervention. Which
therapeutic approach—medical, surgical, or endo-
scopic—is best suited for which patients is an important
question that remains unanswered. Our study suggests
the need for prospective, randomized trials to compare
current therapies and to define appropriate algorithms
for the management of this very common disease.
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