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ABSTRACT

Background and Objectives: This study describes peri-
operative patient safety outcomes comparing laparo-
scopic appendectomy with open appendectomy in the
elderly population (defined as age �65 years) during
the diffusion of laparoscopic appendectomy into wide-
spread clinical practice.

Methods: We performed a cross-sectional analysis of pa-
tients undergoing open or laparoscopic appendectomy in
the US Nationwide Inpatient Sample, a 20% sample of
inpatient discharges from 1056 hospitals, from 1998 to
2009, and used weighted sampling to estimate national
trends. Multivariate logistic regression modeling was used
to examine the association of laparoscopy with perioper-
ative outcomes.

Results: Patients who met the inclusion criteria totaled
257 484. Of these, 87 209 (34%) underwent laparoscopic
appendectomy. These patients were younger (P � .001);
had lower Charlson comorbidity scores (P � .001); were
more likely to be white (P � .001), to be privately insured
(P � .005), and to undergo surgery in urban hospitals
(P � .001); and were less likely to have appendiceal
rupture (P � .001). Laparoscopic appendectomy was as-
sociated with a decreased length of stay (4.44 days vs 7.86
days, P � .001), fewer total patient safety indicator events
(1.8% vs 3.5%, P � .001), and a decreased mortality rate

(0.9% vs 2.8%, P � .001). On multivariate analyses, we
observed a 32% (odds ratio, 0.68) decreased probability of
patient safety events occurring in laparoscopic appendec-
tomy cases versus open appendectomy cases as measured
by patient safety indicators.

Conclusion: The data suggest that laparoscopic appen-
dectomy is associated with improved clinical outcomes in
the elderly and that diffusion of laparoscopic appendec-
tomy is not associated with adverse patient safety events
in this population.

Key Words: Appendectomy, Patient safety indicator, Sur-
gery in elderly.

INTRODUCTION

Laparoscopic appendectomy (LA) is an established treat-
ment method for uncomplicated acute appendicitis.1 It
has the advantage of using small incisions to obtain good-
quality visualization and access to the abdominal cavity.2

Compared with open appendectomy (OA), LA is associ-
ated with a decreased likelihood of superficial wound
infection, decreased need for postoperative analgesics,
quicker return to preoperative functional status, and im-
proved cosmetic results.3–10 Although these outcomes are
appropriate measures for younger patients, their rele-
vance as measures of quality of care and patient safety in
the elderly remains undefined.

Numerous factors, including the US baby boom, better
health coverage, and longer life expectancy, have led to
an increase in the elderly population. About 1 in 8 Amer-
icans were elderly in 1994 (defined as age �65 years), but
about 1 in 5 will be elderly by the year 2030.11 The lifetime
risk of appendectomy is 12.0% in males and 23.1% in
females. On the basis of these trends—an aging popula-
tion and a relatively high lifetime prevalence of appen-
dectomy—the prevalence of appendectomies in the el-
derly is increasing.12 Elderly surgery patients tend to have
increased comorbidities, less physiologic reserve, and an
altered nutritional status and show increased postopera-
tive morbidity and mortality rates compared with younger
adults.13,14 Reported complication rates after OA in the
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elderly range from 12% to 74%; the mortality rate is as high
as 14%.15–18

In the groundbreaking report To Err Is Human: Building
a Safer Health System, the Institute of Medicine observed
that medical errors occurring in contemporary health care
systems result primarily from problems inherent within
organizations and processes rather than individuals.19 Pa-
tient safety indicators (PSIs), designed as robust and ac-
cessible standardized process measures of patient safety
events, are useful metrics of preventable medical errors
that have been broadly applied and validated.20–22

Although prior studies have suggested that LA is associ-
ated with improved outcomes in elderly patients com-
pared with OA,14,23–25 comprehensive patient safety anal-
yses, using validated, process-driven measures, have yet
to be performed. Safety analyses incorporating validated
patient safety outcomes would potentially inform the se-
lection of operative approaches for appendectomy in the
elderly. Therefore we compared the prevalence of ad-
verse patient safety events occurring in LA cases and OA
cases in a national database over a 12-year period.

MATERIALS AND METHODS

Patient Cohort

We analyzed the association of perioperative adverse pa-
tient safety events occurring in LA cases and OA cases in
the elderly. Data on inpatient procedures and adverse
events were obtained from the Healthcare Cost and Utili-
zation Project Nationwide Inpatient Sample (NIS) pro-
duced by the US Agency for Healthcare Research and
Quality (AHRQ). The NIS represents the largest hospital
inpatient dataset in the United States and consists of a 20%
sample of inpatient discharges from 40 states and 1044
hospitals. It contains deidentified patient, physician, and
hospital clinical data with safeguards to protect privacy
and is compiled from 7 to 12 million hospital stays each
year. Weighted sampling provides estimates for national
trends. The NIS is a unique database that provides infor-
mation on a variety of patient groups, regardless of payer,
including persons covered by Medicare, Medicaid, and
private insurance, as well as uninsured persons. All dis-
charges with a principal diagnosis of acute appendicitis
identified through International Classification of Dis-
eases, Ninth Revision, Clinical Modification codes were
evaluated. All identified patients from 1998 to 2009 were
included in the analysis and divided into “laparoscopy”
and “open” based on document procedure codes. Com-

plicated appendicitis was defined as perforated or ab-
scessed.

Patient Safety Indicators

Developed by the AHRQ, PSIs are metrics of adverse
outcomes26–28 (Table 1) that provide hospital- and national-
level safety performance measures with greater specificity
than other methods while avoiding the problems of re-
porting bias.29 PSIs include the following: development of
anesthetic complications, pneumothorax, hemorrhage/
hematoma, decubitus ulcer, venous thrombosis/pulmo-
nary embolism, hip fracture, postoperative physiologic
and metabolic derangements, postoperative respiratory
failure, sepsis, and accidental puncture or laceration dur-
ing a procedure. Accidental punctures or lacerations in-
clude injuries to the surrounding organs including the
bowel or other solid organ injuries and represent a wide
spectrum of injury from minor to severe.

Outcome Measures

The primary outcome variable was the occurrence of any
PSI, a robust screening measure for identifying general
systems problems that merit further examination.21 Sec-
ondary outcome measures included total mortality rate
and length of stay (LOS). A subset analysis of the total
number of PSI events was also conducted.

Table 1.
US Agency for Healthcare Research and Quality PSIs

Complications of anesthesia (No. 1)

Death in low-mortality diagnosis-related groups (No. 2)

Decubitus ulcer (No. 3)

Failure to rescue (No. 4)

Iatrogenic pneumothorax (No. 6)

Selected infections due to medical care (No. 7)

Postoperative hip fracture (No. 8)

Postoperative hemorrhage or hematoma (No. 9)

Postoperative physiologic and metabolic derangements (No.
10)

Postoperative respiratory failure (No. 11)

Postoperative PEa/DVTa (No. 12)

Postoperative sepsis (No. 13)

Postoperative wound dehiscence (No. 14)

Accidental puncture or laceration (No. 15)

Transfusion reaction (No. 16)

aDVT � deep venous thrombosis; PE � pulmonary embolism.
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The primary outcome variable was operation type (LA vs
OA), with adjustment for known covariates. Covariates
included in the analysis were age, sex, race (white, African
American, or other), ruptured appendix/abscess of ap-
pendix, income (�$45 000 or �$45 000), insurance (pri-
vate, Medicare, Medicaid, or other), hospital type (teach-
ing or nonteaching), and hospital location (rural or
urban); in addition, we included year (1998–2009) as a
covariate to address evolving indications for, and collec-
tive expertise with, LA. Associated comorbidities were
controlled for by use of the Charlson index (0–2 or
�3).30,31 Complication and mortality rates were evaluated
as categorical variables. Independent univariate analyses
were performed assessing secondary outcomes defined as
individual AHRQ PSI events (Table 1), including deaths in
low-mortality diagnosis-related groups—an indicator for
identifying in-hospital deaths occurring in patients un-
likely to die during hospitalization. A cost analysis of the
median and quartile range of total hospital charges ad-
justed for inflation was investigated as a secondary out-
come measure.

Statistical Analysis

Statistical analysis was performed with STATA software,
version 11.2 SE (STATA Corp LP, College Station, Texas).
Univariate independent t tests were used for comparisons
of quantitative variables; Fisher exact and �2 tests were
used to assess differences in the categorical variables.
Adjusted odds ratios for multiple logistic regression mod-
els were obtained to evaluate risk-adjusted endpoints.

RESULTS

Prevalence of LA

From 1998 to 2009, 257 484 appendectomies were per-
formed for acute appendicitis in adults aged �65 years in
the NIS. Of those, 170 276 (66%) were OAs and 87 209
(34%) were LAs. The annual prevalence of LA in the
elderly increased from 14.4% in 1998 to 56.3% in 2009. In
2008 the number of appendectomies performed laparo-
scopically exceeded the number performed in an open
manner for the first time (Figures 1 and 2).

Demographic Data

Elderly patients undergoing LA were significantly younger,
were more likely to be white, had lower Charlson comor-
bidity scores, were more likely to undergo surgery in
urban hospitals, and were less likely to have a ruptured
appendix; they were also marginally significantly more
likely to have private insurance and undergo surgery at
nonteaching hospitals (Table 2).

Outcomes

Compared with OA, LA was associated with a decreased
LOS; fewer total PSI events; a decreased total mortality
rate; and a lower likelihood of failure to rescue, iatrogenic
pneumothorax, infections due to medical care, postoper-
ative respiratory failure, and postoperative pulmonary em-

Figure 1. Appendectomy by year (NIS, age �65 years, 1998–2009).
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bolism or deep venous thrombosis; as well as fewer acci-
dental punctures or lacerations (Table 3).

On multivariate analysis, LA was associated with a 32%
reduction in the probability of any PSI (Table 4). A sub-
group analysis holding each independent control fixed
was performed as a measure of model sensitivity. LA was
associated with a decreased odds ratio for PSI events for
each subgroup included in the analysis, except Medicare
versus private insurance patients because of unavoidable
collinearity when limiting the analysis to age �65 years.

DISCUSSION

To our knowledge, this is the first study in the United
States to investigate perioperative outcomes of LA in the
elderly using validated patient safety measures in a na-
tional population. With 257 484 patients, it is also—to our
knowledge—the largest analytic sample for population-
level analyses of appendectomy. We observed a 33%
(odds ratio, 0.677) decreased probability of patient safety
events occurring in LA cases compared with OA cases as
measured by PSIs. Notably, this observation was indepen-
dent of appendiceal rupture and comorbidity status and
occurred during a period of rapid uptake of LA by prac-
ticing surgeons. Our results thus suggest that use of LA
results in substantially enhanced perioperative patient
safety as compared with OA.

This study addresses comparative patient safety analyses
in the development of new technology and surgical prac-
tices. Although laparoscopic surgery has been shown to

offer superior surgical outcomes for most abdominal sur-
gical procedures,32 there is limited evidence on surgical
outcomes with regard to patient safety, especially in the
elderly population. Existing evidence suggests that LA is
as effective as OA with a decreased likelihood of super-
ficial wound infection, a decreased need for postoperative
analgesics, and a quicker return to preoperative functional
status.3,4 Substantially less research, however, has focused
on the elderly population; moreover, although these out-
comes may be appropriate measures for younger patients,
additional comparative measures are necessary to ensure
patient safety in the context of novel surgical techniques
and assess quality-improvement efforts.22 Because PSIs
measure preventable medical injuries, they are useful met-
rics for assessing the safety of surgical innovations in
populations. It is unclear why OA was associated with an
increased risk of preventable medical injuries in elderly
patients in the NIS. However, because most of the specific
PSIs associated with OA are associated with postoperative
morbidity—including iatrogenic pneumothorax, postop-
erative respiratory failure, and postoperative deep venous
thrombosis—it is possible that the longer inpatient con-
valescence of OA contributed to a greater risk of injury.

Our results are consistent with most prior studies of LA in
the elderly, which involved smaller analytic cohorts and
focused on patient-driven measures rather than process-
driven measures. A review of the National Surgical Quality
Improvement Project database showed that OA yielded
higher rates of both major and minor postoperative com-
plications than the laparoscopic cases (P � .0001) in the

Figure 2. Proportion appendectomy performed laparoscopically by year (NIS, age �65 years, 1998–2009).
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elderly—both overall and before discharge. Multivariate
analysis showed no association between operative ap-
proach and major complications, as well as a reduced risk
of minor complications with laparoscopy and a shorter
hospital stay than with OA.23 Another report compared LA
and OA in terms of LOS, charges, complications, discharge
location, and mortality rate in elderly patients treated for
appendicitis in North Carolina over a 6-year period.14

They found that LA was associated with reductions in the
mortality rate (0.38% vs 2.08%, P � .007), complication
rate (16.3% vs 20.8%, P � .01), and LOS (4.64 days vs 7.29
days, P � .0001) and an increase in the proportion of

routine discharges to home (91.4% vs 78.9%, P � .0001)
when compared with OA. Similarly, a relatively small case
series (N � 150) observed that LA patients had shorter
hospital stays (measured in days) and lower rates of post-
operative ventilator dependence than OA patients,24

whereas a population-based study in Taiwan concluded
that patients aged older than 65 years benefited from LA
with respect to LOS.25 In contrast, in a retrospective re-
view of patients who underwent LA comparing those aged
�60 years with those aged �60 years, complicated ap-
pendicitis and conversions were more frequent in the
elderly patients, resulting in prolonged operative times

Table 2.
Demographic Data

Open (n � 170 276) Laparoscopy (n � 87 209) P Value

Agea (mean � SE) (y) 74.09 � 0.04 73.16 � 0.05 � .001b

Sex (male/female)b 48.3%/51.7% 48.1%/51.9% .6604

Racec � .001d

White 105 428.3 (61.9%) 56 730.3 (65.1%)

African American 7403.1 (4.3%) 2662.6 (3.1%)

Other 57 444.3 (33.7%) 27 816.4 (31.9%)

Charlson index � .001d

0–2 138 916.3 (81.6%) 78 054.8 (89.5%)

�3 31 359.4 (18.4%) 9154.5 (10.5%)

Ruptured appendix/abscess of appendix 79 574.6 (46.7%) 33 750.4 (38.7%) � .001d

Income (by ZIP code) .3729

�$45 000 118 978.2 (69.9%) 61 608.7 (70.6%)

�$45 000 51 297.5 (30.1%) 25 600.6 (29.4%)

Insurance .0054d

Private 18 640.4 (10.9%) 10 575.1 (12.1%)

Medicare 146 593.7 (86.1%) 74 204.7 (85.1%)

Medicaid 2090.1 (1.2%) 902.0 (1.0%)

Other 2951.6 (1.7%) 1527.6 (1.8%)

Hospital type .0890

Nonteaching 104 545.5 (61.5%) 55 376.5 (63.7%)

Teaching 65 392.2 (38.5%) 31 601.4 (36.3%)

Hospital location � .001d

Rural 32 879.3 (19.3%) 14 029.4 (16.1%)

Urban 137 058.3 (80.7%) 72 948.5 (83.9%)

aP value by independent t test.
bP value by Fisher exact test.
cP value by �2 test.
dSignificant by 2-tailed test.
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and longer hospital stays. Moreover, the overall complica-
tion rate was statistically equivalent between the groups, as
were the prevalence rates of infectious or surgical-site
complications.33

We included only patients aged �65 years in this study. It
is possible, however, that the mean age of patients under-
going LA increased during the period of study as surgeons
became more likely over time to offer LA to older patients.
We therefore corrected for evolving indications for LA by
including year as a covariate in the regression modeling to
reduce potential bias. In addition, the difference in age
between the open and laparoscopy groups, though statis-
tically significant, was quite modest: �1 year separated
groups, which was likely clinically insignificant (Table 2).

The notable strengths of our study include the large size of
the analytic cohort and models that adjusted for comor-
bidity status, appendiceal rupture, and appendiceal ab-
scess—clinical variables that could potentially bias the
selection of surgical techniques for individual patients.

The potential limitations also merit discussion. First, in-
tent-to-treat analysis was not possible because data re-
garding conversion of laparoscopic cases to open cases
were not available. Second, patient safety events occur-
ring after hospital discharge could not be measured, nor
could the duration of symptoms before hospital admis-
sion. Third, despite inclusion of multiple covariates in the
regression analyses, the potential existed for residual con-
founding by complicated appendicitis, which occurred
more often among OA patients. Finally, it is important to
note that, although PSIs identify potential systems errors,
they do not provide detailed root-cause analyses. Root-
cause analyses are best performed through in-depth re-
views of clinical records.21,34

CONCLUSION

LA is associated with substantially enhanced perioper-
ative patient safety compared with OA in the elderly.
The data also suggest that the diffusion of LA into

Table 3.
Unadjusted Outcomes

Open (n � 170 276) Laparoscopy (n � 87 209) P Value

LOS (corrected) (d) 7.86 � 0.06 4 � 0.04 � .001a

Total mortality 4687.3/165 451.6 (2.8%) 755/86 440 (0.9%) � .001a

Any PSI 6040.6/170 225.3 (3.5%) 1576.7/87 118 (1.8%) � .001a

Complications of anesthesia 113.7/98 090.3 (0.1%) 96/71 308 (0.1%) .6264

Death in low-mortality diagnosis-related groups b NAc NA

Decubitus ulcer 490.0/59 087.9 (0.8%) 136/21 838 (0.2%) .1727

Failure to rescue 885.5/5878.4 (15.1%) 213/2139 (10.0%) .0066a

Iatrogenic pneumothorax 142.3/94 083.3 (0.2%) 25/69 974 (0.0%) .0013a

Selected infections due to medical care 316.5/66 489.7 (0.5%) 87/46 682 (0.2%) .0006a

Postoperative hip fracture b b .2089

Postoperative hemorrhage or hematoma 281.7/98 060.1 (0.3%) 141/71 298 (0.2%) .1114

Postoperative physiologic and metabolic derangements 41.6/20 151.7 (0.2%) 11/8100 (0.1%) .5547

Postoperative respiratory failure 731.7/19 957.1 (3.7%) 103/8050 (1.3%) � .001a

Postoperative PEc/DVTc 1506.9/97 855.74 (1.5%) 412/71 263 (0.6%) � .001a

Postoperative sepsis 132.0/2445.2 (5.4%) b .1366

Postoperative wound dehiscence 485.4/155 023.9 (0.3%) 14/9774 (0.1%) .1842

Accidental puncture or laceration 1651.9/9989.1 (1.7%) 472/71 274 (0.7%) � .001a

Transfusion reaction b NA NA

aSignificant by 2-tailed test.
bThe number of events was 10 or fewer.
cDVT � deep venous thrombosis; NA � not applicable; PE � pulmonary embolism.
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clinical practice is not associated with an increased risk
of adverse safety events.
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