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Abstract

Background Acute appendicitis is the second most com-
mon gastrointestinal diagnosis mandating urgent operation
in the U.S. The current state of adult appendectomy,
including patient and hospital characteristics, complica-
tions, and predictors for complications, are unknown.
Methods Retrospective review of U.S. Nationwide Inpa-
tient Sample 2003-2011 for appendectomy in >18-year-
olds was performed. Primary outcomes measures included
postoperative complications, length of stay, and patient
mortality. Categorical variables were analyzed by x2, trend
analyses by Cochran—Armitage. Multivariable logistic
regression was performed to adjust for predictors of
developing complications.

Results 1,663,238 weighted appendectomy discharges
occurred. Over the study period, complications increased
from 3.2 to 3.8 % (p < 0.0001), but the overall mortality
decreased from 0.14 to 0.09 % (p < 0.0001) and mean
LOS decreased from 3.1 to 2.6 days (p < 0.0001). The
proportion of laparoscopic appendectomy increased over
time, 41.7-80.1 % (p < 0.0001). Patients were increas-
ingly older (=65 years: 9.4-11.6 %, p < 0.0001), more
obese (3.8-8.9 %, p < 0.0001), and with more comorbid-
ities (Elixhauser score >3: 4.7-9.8 %, p < 0.0001). After
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adjustment, independent predictors for postoperative
complications included: open surgery (OR 1.5, 95 % C.I
1.4-1.5), male sex (OR 1.6, 95 % CI 1.5-1.6), black race
(vs. white: OR 1.5, 95 % CI 1.4-1.6), perforated appendix
(OR 2.8, 95 % CI 2.7-3.0), greater comorbidity (Elixha-
user >3 vs. 0, OR 11.3, 95 % CI 10.5-12.1), non-private
insurance status (vs. private: Medicaid OR 1.3, 95 % CI
1.2-1.4; Medicare OR 1.7, 95 % CI 1.6-1.8), increasing
age (>52 years vs. <27: OR 1.3; 95 % CI 1.2-1.4), and
hospital volume (vs. high: low OR 1.2; 95 % CI 1.1-1.3).
Predictors of laparoscopic appendectomy were age, eth-

nicity, insurance status, comorbidities, and hospital
location.
Conclusions Laparoscopic appendectomy is increasing

but is unevenly deployed across patient groups. Appen-
dectomy patients were increasingly older, with more
comorbidities and with increasing rates of obesity. Black
patients and patients with public insurance had less utili-
zation of laparoscopy and inferior outcomes.

Keywords Appendectomy - Acute appendicitis - NIS -
Laparoscopy - Complications

Acute appendicitis is the second most common gastroin-
testinal diagnosis mandating urgent operation in the United
States [1]. Surgical removal of the appendix has long been
the gold standard of treatment because of its efficacy and
low mortality [2]. Research has suggested superiority of
laparoscopic appendectomy for reduced complication rate,
length of stay (LOS), and reduced cost [3, 4]. However,
current nationwide rates of use of laparoscopic appendec-
tomy and postoperative complications are unknown.

The aims of this study were to use a large, population-
based database to describe trends in appendectomy for
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acute appendicitis, estimate the incidence of postoperative
complications, and to identify predictors of these
complications.

Materials and methods

This was a retrospective review of the U.S. Nationwide
Inpatient Sample (NIS) for the years 2003—2011. NIS is the
largest, all-payer hospital inpatient database in the United
States [5]. It is supported by the Healthcare Cost and Uti-
lization Project (HCUP). It is an administrative database,
which contains both clinical and non-clinical information
for nearly 8 million discharges per year, from a stratified
sample of 20 % of non-federal hospitals. Data can be
weighted to give nationwide estimates. To facilitate this,
NIS publishes annual weighting elements which are inde-
pendently validated to ensure accuracy [6]. All data pre-
sented are weighted frequencies, and analyses were
performed on weighted data.

Study population

Open and laparoscopic appendectomies were identified
using ICD-9 codes: 47.01 or 47.09. Only those with a
concurrent diagnosis of acute appendicitis (ICD-9 codes
540.0, 540.1, 540.9) and those aged 18 years or older were
included. Perforated appendix was determined by the ICD-
9 codes 540.0 (with peritonitis) and 540.1 (peritoneal
abscess). Conversion from laparoscopy to open appendec-
tomy was identified using ICD-9 codes V64.4 and V64.41.

Data

Hospital surgical volume was calculated as low (1-82/
year), medium (82—181/year), and high (>181/year) based
on tertiles from the dataset. Age groups were divided by
quartiles into 18-27, 28-38, 39-52, and >52 years. Elec-
tive procedures were excluded to focus on management of
acute appendicitis. Complications were defined as those
recorded within the same admission as the appendectomy.
Complications were calculated by querying the dataset for
secondary diagnostic or procedural ICD-9 codes. The
complications captured were postoperative infection,
aspiration pneumonia or respiratory failure, genitourinary
complication including acute renal failure, myocardial
infarction, venous thromboembolic events including deep
venous thrombus and pulmonary embolus, gastrointestinal
hemorrhage, perforation or ulceration, and wound disrup-
tion. They were queried for within the database using ICD-
9 codes from a previously validated and published system
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[7]. HCUP Comorbidity Software version 3.7 was used to
determine Elixhauser comorbidity scores [8]. Elixhauser
comorbidity scale is an algorithm to classify a compre-
hensive set of comorbidities, specifically designed for use
with large datasets such as the NIS [9].

Statistical analysis

All data were analyzed using SAS version 9.3 (SAS Institute,
Cary, NC). Univariate analysis of categorical variables was
performed using %2 tests. Trend analyses were performed
using Cochran—Armitage. Multivariable logistic regression
was performed with complications as the dependent variable.
Independent variables were chosen through a method of
manually adding significant covariates from univariate ana-
lysis in order of decreasing significance, and assessing chan-
ges in the estimate and p value. This yielded a conservative
estimate which gave priority to confounding over collinearity.
All p values are two-sided. A p value of less than 0.05 was
considered significant. Odds ratios and confidence intervals
excluding 1 were considered significant.

Annual incidence was calculated per 100,000 persons
using annual estimated population data published by the
United States Census bureau [10]. This method has been
previously published [11].

Results

Overall, 1,734,023 non-elective inpatient admissions for
acute appendicitis and 1,663,238 appendectomies were
performed during the study period. 95.92 % of acute
appendicitis inpatient admissions involved appendectomy,
and the annual incidence of appendectomy for acute
appendicitis was 61.8/100,000 persons. Crude mortality
rate for appendectomies was 0.1 % (n = 2,282) and crude
complication rate was 3.5 % (n = 57,945).

Trends over time

The volume of appendectomy performed over the study per-
iod remained stable. However, the proportion of laparoscopic
appendectomy increased over time, from 41.7 to 80.1 %
(p <0.0001) (Fig. 1). The rates of conversion to open
increased from 0.13 to 0.17 % of total laparoscopic appen-
dectomy (p < 0.0001). The rate of complications increased
from 3.2 to 3.8 % (p < 0.0001). In contrast, the overall
mortality decreased from 0.14t0 0.09 % (p < 0.0001) and the
mean LOS also decreased from 3.1 to 2.6 days (p < 0.0001).

Demographic characteristics of patients changed over the
study period. Patients were increasingly older (>65 years:
9.4-11.6 %, p < 0.0001), more obese (3.8-8.9 %, p < 0.0001),
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and with more comorbidities (Elixhauser score >3: 4.7-9.8 %,
p < 0.0001).

Predictors of complications

Table 1 shows unadjusted demographic characteristics of
those who had postoperative complications compared with
those who did not. Those with postoperative complications
were more likely to be male, older, with more comorbidi-
ties, have had their appendectomy at a non-teaching hos-
pital, in a rural location, and had open surgery or
conversion to open surgery. They were also less likely to
identify as white race and less likely to have private health
insurance.

Table 2 reports the unadjusted and adjusted odds ratios
of complications. After adjustment, independent predictors
for postoperative complications included male sex, black
race, surgical modality, greater comorbidity, non-private
insurance status, increasing age, surgery at hospital with
low surgical volume, and open surgery.

Predictors of laparoscopy

Figure 2 shows adjusted predictors of laparoscopic
appendectomy. After adjustment, those receiving laparos-
copy were more likely to be younger (18-27 years), iden-
tify as being of white race, have private or other/missing
insurance status, have no comorbidities, and have had their
surgery at an urban hospital.

Discussion

In this paper, we have performed a nationwide analysis of
appendectomy as deployed in the early 21st century. The
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Total appendectomy

complication rate in this series, while small, increased
significantly through the study period. Several factors may
contribute to this apparent increase. Patients were
increasingly older and more obese, with more comorbidi-
ties. Although the overall rate of laparoscopy increased
over time with lower complications rates, there were dis-
parities in access to laparoscopic appendectomy by eth-
nicity, insurance status, and surgical volume of the
hospital.

Older patients and those with higher Elixhauser
comorbidity scores were less likely to receive laparoscopy.
A study examining disparities in access to laparoscopic
appendectomy and laparoscopic cholecystectomy at the
University of California health care consortium showed
that Medicare patients were significantly less likely to
receive either of these minimally invasive procedures [12].
Clinician reluctance to perform laparoscopy on older
patients should be dissuaded, as numerous studies have
now demonstrated the efficacy and safety of laparoscopic
appendectomy in older adults [13, 14]. With an aging
population, this issue will become increasingly significant.

Black race and public insurance status were associated
with higher postoperative complication rates and lower
likelihood of laparoscopic treatment. Racial disparities in
access to laparoscopy have been noted in several smaller
studies [13, 15]. In this series, black race was associated
with higher postoperative complications, even after
adjusting for surgical approach and appendiceal perfora-
tion. Further studies are needed in order to identify the
cause of and address these apparent inequalities.

Having surgery at a hospital with low surgical volume
was associated with lower likelihood of having laparo-
scopic surgery and with higher complications rate. The
benefits of having surgery at high-volume centers have
been well-established, supporting regionalization [16].
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Table 1 Demographic
distribution of patients by
complications
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Complications (%) No Complications (%)  All (%)
Total 57,945 (3.5) 1,605,293 (96.5) 1,663,238 <0.0001
Male 35,383 (61.1) 874,066 (54.4) 909,449 (54.7)
Female 22,561 (38.9) 731,228 (45.6) 753,789 (45.3)
Age group (years)
18-27 6,344 (10.9) 447,570 (27.9) 453914 (27.3)  <0.0001
28-38 6,351 (11.0) 381,433 (23.8) 387,784 (23.3)
39-52 11,950 (20.6) 409,637 (25.5) 421,587 (25.3)
>52 33,300 (57.5) 366,653 (22.8) 399,953 (24.0)
Race <0.0001
White 33,107 (57.1) 859,078 (53.5) 892,185 (53.6)
Black 5,071 (8.8) 84,861 (5.3) 89,932 (5.4)
Hispanic 5,682 (9.8) 238,208 (14.8) 243,890 (14.7)
Other 2,879 (5.0) 101,034 (6.3) 103,913 (6.2)
Missing 11,205 (19.3) 322,112 (20.1) 333,317 (20)
Payer type <0.0001
Medicare 22,211 (38.3) 161,078 (10.0) 183,289 (11)
Medicaid 5,148 (8.9) 159,695 (9.9) 164,843 (9.9)
Private 23,082 (39.8) 966,944 (60.2) 990,026 (59.5)
Other/Missing 7,504 (12.9) 317,576 (19.8) 325,080 (19.5)
Elixhauser score
0 11,211 (19.3) 1,005,858 (62.7) 1,017,069 (61.2) <0.0001
1 12,048 (20.8) 351,849 (21.9) 363,897 (21.9)
2 12,048 (20.8) 151,884 (9.5) 163,932 (9.9)
>3 22,638 (39.1) 95,702 (6.0) 118,340 (7.1)
Non-teaching hospital 36,427 (62.9) 966,186 (60.2) 1,002,613 (60.3) 0.0001
Teaching hospital 21,517 (37.1) 639,108 (39.8) 660,625 (39.7)
Hospital surgical volume <0.0001
Low (1-82/year) 23,981 (41.4) 559,755 (34.9) 583,736 (35.1)
Medium (82-181/year) 20,160 (34.8) 570,562 (35.5) 590,722 (35.5)
High (> 181/year) 13,804 (23.8) 474,975 (29.6) 488,779 (29.4)
Hospital location 0.0016
Rural 7,911 (13.7) 199,502 (12.4) 207,413 (12.5)
Urban 50,033 (86.3) 1,405,791 (87.6) 1,455,824 (87.5)
Geographical region <0.0001
Northeast 10,543 (18.2) 363,591 (22.6) 374,134 (22.5)
Midwest 12,830 (22.1) 307,071 (19.1) 319,901 (19.2)
South 22,411 (38.7) 542,099 (33.8) 564,510 (33.9)
West 12,160 (21.0) 392,533 (24.5) 404,693 (24.3)
Laparoscopy <0.0001
Laparoscopic surgery 26,334 (45.4) 1,011,341 (63.0) 1,037,675 (62.4)
Open surgery 31,365 (54.1) 592,741 (36.9) 624,106 (37.5)
Conversion 246 (0.4) 1,211 (0.1) 1,355 (3.5)
Complicated appendicitis <0.0001

Uncomplicated

Complicated

20,569 (35.5)
37,376 (64.5)

1,177,296 (73.3)
427,996 (26.7)

1,197,866 (72.0)
465,372 (28.0)
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Table 2 Unadjusted and Unadjusted OR 95 C.L. Adjusted OR 95 C.L.
adjusted odds ratios of
complications Sex (Ref: Female)
Male 1.31 (1.26-1.36) 1.62 (1.50-1.63)
Age group (Ref: 18-27 years old)
28-38 0.85 (0.79-0.92) 0.96 (0.85-0.99)
39-52 1.75 (1.64-1.88) 1.17 (0.93-1.09)
>52 5.46 (5.12-5.81) 1.68 (1.21-1.41)
Race (Ref: White)
Black 1.55 (1.44-1.68) 1.47 (1.39-1.63)
Hispanic 0.62 (0.57-0.67) 0.96 (0.91-1.06)
Other 0.74 (0.67-0.82) 0.96 (0.90-1.10)
Missing 0.9 (0.85-0.96) 1.00 (0.95-1.08)
Payer type (Ref: Private)
Medicare 5.78 (5.52-6.04) 1.74 (1.59-1.77)
Medicaid 1.35 (1.25-1.46) 1.33 (1.22-1.43)
Other/Missing 0.99 (0.93-1.06) 1.16 (1.02-1.17)
Elixhauser score (Ref: 0)
1 3.07 (2.89-3.26) 2.55 (2.27-2.58)
2 7.12 (6.69-7.57) 4.98 (4.25-4.89)
>3 21.22 (20.04-22.48) 12.81 (10.51-12.06)
Hospital teaching status (Ref: Teaching)
Non-teaching hospital 1.12 (1.06-1.19) 1.01 (0.95-1.07)
Hospital surgical volume (Ref: High)
Low 1.47 (1.36-1.6) 1.20 (1.07-1.26)
Medium 1.22 (1.12-1.32) 1.11 (1.01-1.19)
Hospital location (Ref: Urban)
Rural 1.11 (1.04-1.19) 0.88 (0.82-0.96)
Surgical modality (Ref: Laparoscopic)
Open 1.81 (1.72-1.91) 5.93 (3.23-7.31)
Conversion to open 8.28 (5.74-11.9) 1.71 (1.36-1.48)
Perforated appendix (Ref: Unperforated)
Bold values indicate statistical Perforated 5.00 (4.80-5.21) 2.82 (2.70-2.95)

significant

Having appendectomy performed by a surgeon experienced
with minimally invasive surgery has been shown to be
associated with fewer postoperative intra-abdominal col-
lections [3]. Although appendectomy is a relatively com-
mon procedure, laparoscopic appendectomy can be
complex and multifaceted [17]. An early study of surgeon
learning curve advocated for performance of over 120
laparoscopic appendectomies in order to become proficient
[18]. The number and type of appendectomies required in
the more recent era of training remains unknown.

This study has several limitations. The NIS is a database
primarily kept for administrative purposes and lacks clin-
ical granularity, such as the severity of complications or
reasons why an individual patient received laparoscopy
over open surgery. We were unable to look at pathology
reports from patients, although the strict inclusion criteria
mandated only non-elective procedures for acute

appendicitis. Patients with acute appendicitis who required
more extensive resection, including but not limited to
cecectomy or partial colectomy, may not have been cap-
tured in this inclusion criteria, unless the appendectomy
portion of the procedure was coded separately.

Further, data entry and code selection are subject to both
errors and biases the retrospective, and observational nat-
ure of this review prevents us from determining causal
relationships, only correlations. As the NIS is a discharge
database, we were unable to trace these patients to out-
comes beyond their hospital admission and patients may
have been readmitted with complications.

This study used nationwide data to describe postopera-
tive complication rates for appendectomy and predictors
for these complications. We found an increasingly older,
more obese, and sicker population of patients with growing
postoperative complication rates. Disparities in access to
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Adjusted Predictors of Laparoscopy (95% Confidence Intervals)
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Age 28-37 (Ref: 18-27 years)
Age 38-52 (Ref: 18-27 years)
Age >52 (Ref: 18-27 years)
Black race (Ref: White)
Hispanic race (Ref: White)
Other race (Ref: White)
Missing race (Ref: White)
Medicare (Ref: Private)
Medicaid (Ref: Private)

Other payer (Ref: Private)
Elixhauser score 1 (Ref: 0)
Elixhauser score 2 (Ref: 0)
Elixhauser score >=3 (Ref: 0)
Low volume hospital (Ref: High)
Medium volume hospital (Ref: High)
Rural hospital (Ref: Urban)
Peritonitis (Ref: Uncomplicated)

0.1 0.2

0.4

Fig. 2 Multivariate logistic regression model of predictors of laparoscopy

laparoscopic treatment and a gap in postoperative com-
plications by race and insurance type were identified.
Future studies must identify and address reasons behind
these disparities in order to minimize these inequalities and
reduce overall complications.

Disclosure Drs. Bliss, Yang, Kent, Critchlow and Tseng and
Ms. Ng have no conflicts of interest or financial ties to disclose.
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