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Abstract

Background The ‘‘weekend effect’’ is defined as

increased morbidity and mortality for patients admitted on

weekends compared with weekdays. It has been observed

for several diseases, including myocardial infarction and

renal insufficiency; however, it has not yet been investi-

gated for laparoscopic appendectomy in acute appendici-

tis—one of the most prevalent surgical diagnoses.

Methods The present study is based on the Nationwide

Inpatient Sample (NIS) from 1999 to 2008. The following

outcomes were compared between patients undergoing

laparoscopic appendectomy for acute appendicitis admitted

on weekdays versus weekends: severity of appendicitis,

intraoperative and postoperative complications, conversion

rate, in-hospital mortality, and length of hospital stay.

Unadjusted and risk-adjusted generalized linear regression

analyses were performed.

Results Overall, 151,774 patients were included, mean

age was 39.6 years, 52.6% (n = 79,801) were male, and

25.3% (n = 38,317) were admitted on weekends. After risk

adjustment, the conversion rate was lower [odds ratio

(OR): 0.94, p = 0.004, number needed to harm (NNH):

244], whereas pulmonary complications (OR: 1.12,

p = 0.028, NNH: 649) and reoperations (OR: 1.21,

p = 0.013, NNH: 1,028) were slightly higher on weekends

than on weekdays. Overall postoperative complications

(OR: 1.03, p = 0.24), mortality (OR: 1.37, p = 0.075) and

length of hospital stay (mean on weekday: 2.00 days,

weekends: 2.01 days, p = 0.29) were not statistically

different.

Conclusions The present investigation provides evidence

that no clinically significant ‘‘weekend effect’’ for patients

undergoing laparoscopic appendectomy exists. Therefore,

hospital or staffing policy changes are not justified based

on the findings from this large national study.

Introduction

Acute appendicitis is the most frequent emergent abdomi-

nal operation performed in the United States, with

approximately 326,000 operations per year [1]. Although

cases with acute appendicitis are evenly distributed
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throughout the week [2], routine care in hospitals is only

provided on weekdays [3, 4]. On weekends, hospitals cater

only emergency care due to reduced staffing, including

availability of surgical expertise [5], which may lead to

inferior patient outcomes. Although reduced availability

could theoretically lead to inferior patient outcomes, the

impact of the weekend admission on short-term outcomes

of laparoscopic appendectomy for acute appendicitis has

not previously been reported.

For multiple other acute conditions, the outcomes of

patients admitted to the emergency room on weekends are

reported to be worse than for those admitted during

weekdays [6–12]. This outcome difference is known as the

‘‘weekend effect’’ [11]. One reason for inferior outcomes

on weekends might be the delay from onset of symptoms to

diagnostic interventions and treatment [6, 7, 10, 13–15].

Treatment delay has been shown to increase morbidity and

length of hospital stay for patients undergoing appendec-

tomy after acute appendicitis in some studies [16, 17],

although other studies did not support those findings

[18–20]. For a highly prevalent disease, such as acute

appendicitis, even relatively small adverse short-term out-

come differences between weekday and weekend admis-

sions could be of great clinical, administrative, and cost

relevance. Detecting potentially avoidable outcome differ-

ences in a time of rising pressure on healthcare costs is of

major importance to a public health service. On the other

hand, it is crucial to confirm that no clinically important

differences exist, because it will avoid unnecessary and

potentially expensive hospital and staffing changes.

We undertook an analysis of a population-based

administrative database to compare the short-term out-

comes of patients admitted on weekends with those for

patients admitted on weekdays for acute appendicitis and

subsequently undergoing laparoscopic appendectomy. We

hypothesized that patients with acute appendicitis admitted

on weekends would have worse outcomes compared with

those admitted on weekdays.

Methods

We obtained approval from the Institutional Review Board

at Duke University Medical Center before initiating this

study. We used prospectively collected data from the

Nationwide Inpatient Sample (NIS) from 1999 to 2008.

The NIS is part of the Healthcare Cost and Utilization

Project sponsored by the Agency for Healthcare Research

and Quality. In the United States, it is the largest all-payer

inpatient care database that is publicly available. It contains

approximately 5–8 million records of patient discharges

from a sample of approximately 1,000 hospitals in the

United States. The NIS is a stratified sample of community

hospitals in the United States. The five following sampling

strata are used to achieve maximal representation of U.S.

hospitals: geographic region (northeast, north central, west,

and south), location (urban and rural), teaching status

(teaching and nonteaching hospital), ownership (public,

private not-for-profit, and private investor-owned), and bed

size (small, medium, and large). This allows for the gen-

eralization of results to the entire population of the United

States. The International Classification of Diseases, Ninth

Revision, Clinical Modification (ICD-9-CM) was used for

identification of procedures and diagnosis.

All patients aged 18 years and older who underwent

laparoscopic appendectomy for acute appendicitis were

included. Patients were identified from the NIS dataset

through ICD-9-CM diagnosis codes for acute appendicitis

(540 and 540.9: acute appendicitis without perforation or

abscess, 540.0: acute appendicitis with perforation, 540.1:

acute appendicitis with abscess) and for the primary pro-

cedure code for laparoscopic appendectomy (47.01). We

also included patients who underwent open appendectomy

(47.09) but for whom the primary procedure was laparo-

scopic appendectomy and who subsequently were con-

verted to open surgery (V64.4 or V61.41). Patients with the

diagnosis of chronic inflammatory bowel disease

(555.0–556.9) and patients who were not admitted on an

urgent or emergency basis were excluded from our

analysis.

The severity of acute appendicitis was grouped into two

categories: (1) uncomplicated (ICD-9-CM: 540, 540.9) and

(2) complicated appendicitis (540.0, 540.1). We assessed

intraoperative and postoperative in-hospital complications

through ICD-9-CM codes. Those complications were cat-

egorized into seven mutually exclusive groups, as descri-

bed by Guller et al. [21]: (1) mechanical wound

complications, (2) infections, (3) urinary/renal complica-

tions, (4) pulmonary complications, (5) gastrointestinal

complications, (6) cardiovascular complications, and (7)

systemic complications. Conversion from laparoscopic to

open appendectomy was identified through the following

ICD-9-CM diagnosis codes: V64.4 and V64.41. Compli-

cations after hospital discharge were not possible to

ascertain due to the fact that NIS only includes inpatient

data. We also extracted data to measure in-hospital mor-

tality, rate of routine discharge (routine vs. nonroutine),

length of hospital stay (measured in days from admission to

discharge: discharge at the same day as admission coded as

0), and time from admission to surgery (days).

Differentiating between weekday and weekend admis-

sion is possible by using a variable in the NIS database that

provides this information for all patients included in the

dataset. Weekend admission is defined as admission on

either Saturday or Sunday and is calculated from the ori-

ginal admission date [22].
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As covariates, we included age, gender, race (Caucasian,

African American, Hispanic, and other), ZIP-related

household income in three categories (1: $1-34,999, 2:

$35,000-44,999, 3: $45,000), insurance status (Medicare,

Medicaid, private including health maintenance organiza-

tion (HMO), others), Charlson comorbidity index modified

by Deyo et al. [23, 24], hospital location/teaching status

(rural, urban nonteaching, urban teaching), hospital region

(northeast, midwest, west, south), hospital volume (in

quartiles), and degree of appendicitis (uncomplicated,

complicated).

Statistical methods

Differences in baseline sociodemographic and hospital

characteristics and comorbidity variables among patients

admitted for acute appendicitis on a weekday or the

weekend were tested using t tests and chi-square tests as

appropriate. Comparisons of the time from admission to

surgery between patients admitted on weekdays and those

admitted on weekends were performed using the Wilcoxon

rank-sum test. Univariate analyses were first performed.

Multivariable logistic regression models were then used to

assess the risk-adjusted impact of admission day (weekday

vs. weekend) on intraoperative and postoperative compli-

cations (overall and for specific subsets), mortality, and

discharge status. For better assessment of clinical rele-

vance, numbers needed to harm (NNH) as well as 95%

confidence intervals were calculated for all significant

results. The effect of admission day on length of hospital

stay was assessed using multiple linear regression analysis.

Since the distribution of length of hospital stay was highly

right-skewed, analyses were performed on log-transformed

data. The presented estimates are retransformed values.

Because race was unavailable for 24.5% of patients, it was

not included as a covariate in the final multivariate model

presented. Sensitivity analyses, including race in the mul-

tivariate model, resulted in no significant differences

compared with the final model presented. Level of statis-

tical significance was set to p \ 0.05 for all analytical steps

and all tests were two-sided. The statistical analyses were

performed using Stata/SE version 10 (Stata Corporation,

College Station, TX, USA).

Results

The NIS includes 151,774 patients for the years 1999–2008

who underwent laparoscopic appendectomy (including

conversion to an open appendectomy) for acute appendi-

citis. Of them, 113,457 (74.75%) patients were admitted to

the hospital on weekdays and 38,317 (25.25%) patients

were admitted on weekends.

The mean age of the patients was 39.6 [standard devi-

ation (SD) 15.9] years. Overall, 52.6% of patients were

male and 64.2% had private insurance. Most of the patients

had a Deyo-Score of 0 (88.6%). Patients admitted on

weekdays were more likely to be white (weekday: 54.4%,

weekend: 53%), have private insurance (weekday: 64.8%,

weekend: 62.6% private), and have higher incomes

(weekday: 52.8% high ZIP-income, weekend: 51.6% high

ZIP-income; Table 1).

No significant difference was detected in severity of

appendicitis between weekday and weekend admission.

Complicated appendicitis was present in 24.9% of the

patients in both groups. The mean time from admission to

surgery was 0.233 days (SD 1.22) for patients admitted on

weekdays and 0.236 days (SD 2.07) for patients admitted

on weekends (p = 0.08). Intraoperative complications did

not differ between patients admitted on weekdays or

weekends, including injury to adjacent structures, retained

foreign bodies, and intraoperative hemorrhage (Table 2).

Table 1 Demographic characteristics of patients undergoing lapa-

roscopic appendectomy between 1999 and 2008

Weekdays

(n = 113,457;

74.75%)

Weekend

(n = 38,317,

25.25%)

p value

Age mean (SD) 39.56 (15.80) 39.54 (15.99) 0.77

Gender

Female 53,781 (47.40) 18,186 (47.46) 0.84

Male 59,672 (52.59) 20,129 (52.53)

Unknown 4 (0) 2 (0.01)

Race

Caucasian 61,712 (54.39) 20,323 (53.04) \0.001

African American 5,626 (4.96) 1,950 (5.09)

Hispanic 12,780 (11.26) 4,561 (11.90)

Other 5,616 (4.95) 1,989 (5.19)

Unknown 27,723 (24.43) 9,494 (24.78)

Insurance

Medicare 10,270 (9.05) 3,659 (9.55) \0.001

Medicaid 9,057 (7.98) 3,259 (8.51)

Private including

HMO

73,499 (64.78) 23,987 (62.60)

Self-pay/other 20,356 (17.94) 7,324 (19.11)

Unknown 275 (0.24) 88 (0.23)

ZIP code-related income

1–34,999 23,653 (20.85) 8,250 (21.53) 0.001

35,000–44,999 27,418 (24.17) 9,344 (24.39)

C45,000 59,895 (52.79) 19,770 (51.6)

Unknown 2,491 (2.20) 953 (2.49)

Hospital

Rural 13,419 (11.83) 4,625 (12.07) 0.41

Urban nonteaching 54.687 (48.2) 18,373 (47.95)
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Conversion rate from laparoscopic to open procedure was

higher in patients who underwent laparoscopic appendec-

tomy on weekdays (8.06%) than on weekends (7.65%;

p = 0.01; NNH: 244).

For univariate analyses, admission on weekends was

associated with higher in-hospital mortality (weekday:

0.09%, weekend: 0.13%, p = 0.043) and with more pul-

monary complications (weekday: 1.33%, weekend: 1.48%,

p = 0.025). There was a higher reoperation rate for

patients being operated on weekends (0.64%) than on

weekdays (0.55%, p = 0.029). All other clinical postoper-

ative short-term outcomes did not differ between the two

groups in univariate analysis (Table 2). There was no dif-

ference in unadjusted mean length of hospital stay between

the two groups (weekday: 2.00 days, 95% confidence

interval (CI): 1.99–2.01; weekend: 2.01 days; 95% CI:

2.00–2.03; p = 0.28).

After adjusting for multiple covariates, there was no

difference in severity of appendicitis and intraoperative

complications (Table 2). Among the seven categories of

postoperative adverse outcomes (Table 2), there was only a

higher odds of pulmonary complications present in patients

who underwent laparoscopic appendectomy on weekends

(OR: 1.12, 95% CI: 1.01–1.24; p = 0.028, NNH: 649). No

other complications, including overall intraoperative com-

plications, showed any difference. Patients admitted on

weekends had a higher risk of reoperation than patients

admitted on weekdays (OR: 1.21, 95% CI: 1.04–1.41;

p = 0.013, NNH: 1,028) and there was a trend toward a

significant increase for in-hospital mortality (OR: 1.37,

95% CI: 0.97–1.94; p = 0.075). Finally, the length of

hospital stay did not differ between the two groups

(weekday: 2.00 days, 95% CI: 1.99–2.01; weekend:

2.01 days, 95% CI: 2.00–2.02; p = 0.29).

Discussion

This is the first investigation to assess a ‘‘weekend effect’’

for patients who underwent laparoscopic appendectomy for

acute appendicitis. Using the NIS database, we demon-

strated that there is no clinically significant weekend effect

for patients who undergo laparoscopic appendectomy for

acute appendicitis. Patients admitted on the weekend had a

slightly higher rate of pulmonary complications and

increased reoperation rate, as well as lower conversion rate

compared with those admitted on weekdays. However, the

absolute outcome differences between weekend versus

weekday admissions are very small, resulting in very large

numbers needed to harm and therefore are of negligible

clinical relevance.

We also detected a trend toward increased in-hospital

mortality for patients admitted on weekends. Nearly

10 years ago, Bell and Redelmeier [6] performed a retro-

spective analysis of 4 million acute care admissions in

Ontario, Canada. They found that admission on weekends

was associated with increased mortality rates compared

with weekday admission in 23 of 100 different diagnoses.

The underlying diseases were diverse, ranging from rup-

tured abdominal aneurysm to leukemia. Since 2001, sev-

eral investigations have led to different conclusions

regarding the ‘‘weekend effect.’’ Weekend admission has

been associated with higher mortality in acute kidney

injury [8], uterine cancer, duodenal ulcer, cardiovascular

symptoms [11], upper gastrointestinal hemorrhage [10],

intracerebral hemorrhage [12], and peptic ulcer disease

[15]. On the other hand, no difference in mortality was

demonstrated in patients with subarachnoidal hemorrhage

Table 1 continued

Weekdays

(n = 113,457;

74.75%)

Weekend

(n = 38,317,

25.25%)

p value

Urban teaching 45,270 (39.9) 15,289 (39.9)

Unknown 81 (0.07) 30 (0.08)

Hospital region

Northeast 25,920 (22.85) 8,118 (21.19) \0.001

Midwest 23,634 (20.83) 8,121 (21.19)

West 48,221 (42.5) 16,598 (43.32)

South 15,682 (13.82) 5,480 (14.3)

Hospital volume

Quartile I 28,482 (25.1) 9,504 (24.8) 0.014

Quartile II 28,928 (25.5) 9,980 (26.05)

Quartile III 27,913 (24.6) 9,572 (24.98)

Quartile IV 28,134 (24.8) 9,261 (24.17)

Deyo score

0 100,485 (88.57) 33,995 (88.72) 0.7

1 6,415 (5.65) 2,144 (5.6)

[1 6,557 (5.78) 2,178 (5.68)

Year of operation

1999 2,449 (75.45) 797 (24.55) \0.001

2000 3,356 (75.01) 1,118 (24.99)

2001 3,451 (74.31) 1,193 (25.69)

2002 9,656 (74.77) 3,259 (25.23)

2003 11,643 (74.26) 4,036 (25.74)

2004 12,689 (75.46) 4,126 (24.54)

2005 14,827 (75.69) 4,763 (24.31)

2006 16,684 (74.79) 5,625 (25.21)

2007 17,811 (73.68) 6,362 (26.32)

2008 20,891 (74.8) 7,038 (25.2)

Values are number (n) and % if not otherwise indicated. P values are

given as t test and v2 test where appropriate. Percentages for year of

operation are calculated on an annual basis

Due to rounding not all percentages add up to 100%
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[25] and esophageal hemorrhage [14]. Studies of myocar-

dial infarction have shown mixed results: it has been found

to be associated with higher mortality on weekends in the

United States [7] but not in Japan [26]. That the ‘‘weekend

effect’’ is not detectable across all diseases is likely

attributable to reasons, such as different baseline patient

characteristics, differences in disease mechanism and

treatment patterns, and lack of statistical power to detect

differences in mortality. However, even more important is

the underlying mortality risk for different diseases. In our

study, this is less of a concern because patients with acute

appendicitis are, on average, young and healthy and the

underlying mortality risk is very low.

We were unable to detect significant differences for

intra- and postoperative morbidity, except for pulmonary

complications. Understaffing and a reduced nurse to patient

Table 2 Unadjusted and adjusted in-hospital complications for patients undergoing laparoscopic appendectomy on weekdays versus weekends

Weekday

(n = 113,457,

74.75%)

Weekend

(n = 38,317,

25.25%)

Unadjusted

analysis

(OR, 95% CI)

p value Adjusted analysis

(OR, 95% CI)

p value NNH (95% CI)

Severity of appendicitis (n, %)

Uncomplicated 85,245 (75.13) 28,789 (75.13) Ref. Ref.

Complicated 28,212 (24.87) 9,528 (24.87) 1.00 (0.97–1.03) 1.00 0.99 (0.96–1.02) 0.59

Conversion rate 9,142 (8.06) 2,930 (7.65) 0.94 (0.9–0.99) 0.01 0.94 (0.89–0.98) 0.004 244 (139–987)

Intraoperative complications

Injury to

adjacent

structures

473 (0.42) 152 (0.4) 0.95 (0.79–1.14) 0.59 0.96 (0.79–1.15) 0.64

Retained foreign

body

7 (0.01) 1 (0) 0.42 (0.05–3.44) 0.42 NA

Hemorrhage

complication

481 (0.42) 164 (0.43) 1.01 (0.85–1.21) 0.92 1.02 (0.85–1.22) 0.85

Any intraoperative

complication

931 (0.82) 311 (0.81) 0.99 (0.87–1.13) 0.88 1.00 (0.87–1.14) 0.96

Postoperative in hospital complications

Mechanical

wound

complications

446 (0.39) 147 (0.38) 0.98 (0.81–1.18) 0.8 0.98 (0.81–1.18) 0.84

Infections 955 (0.84) 315 (0.82) 0.98 (0.86–1.11) 0.72 0.98 (0.86–1.12) 0.78

Urinary/renal

complications

671 (0.59) 226 (0.59) 1.00 (0.86–1.16) 0.97 1.01 (0.87–1.18) 0.87

Pulmonary

complications

1,504 (1.33) 567 (1.48) 1.12 (1.01–1.23) 0.025 1.12 (1.01–1.24) 0.028 649 (342–6,193)

Gastrointestinal

complications

4,404 (3.88) 1.491 (3.89) 1.00 (0.94–1.06) 0.93 1.00 (0.94–1.07) 0.98

Cardiovascular

complications

641 (0.56) 238 (0.62) 1.1 (0.95–1.28) 0.21 1.10 (0.94–1.29) 0.22

Systemic complications 1,015 (0.89) 349 (0.91) 1.02 (0.90–1.15) 0.77 1.02 (0.9–1.15) 0.76

Any postoperative

complication

8,450 (7.45) 2,927 (7.64) 1.03 (0.98–1.07) 0.22 1.03 (0.98–1.08) 0.24

Mortality 107 (0.09) 51 (0.13) 1.41 (1.01–1.97) 0.043 1.37 (0.97–1.94) 0.075

Interventions 1,184 (1.04) 411 (1.07) 1.03 (0.92–1.15) 0.63 1.03 (0.92–1.16) 0.56

Reoperations 621 (0.55) 247 (0.64) 1.18 (1.02–1.37) 0.029 1.21 (1.04–1.41) 0.013 1,028 (531–15,695)

Discharge status

Routine 109,983 (96.94) 37,113 (96.86) 0.98 (0.92–1.05) 0.6 0.99 (0.91–1.06) 0.73

Others 3,474 (3.06) 1,204 (3.14) Ref. Ref.

Adjustment for: age, gender, insurance, ZIP code-related income, hospital location/teaching status, hospital volume, severity of appendicitis,

Deyo score, year of operation

Multivariable regression analysis for retained foreign body was not performed due to limited events

NNH number needed to harm of unadjusted data
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ratio is one of the most discussed reasons for increased

complications on weekends [27–29], and this could

potentially be responsible for the slightly higher pulmonary

complication rate on weekends in our study. However, it

must be emphasized that even though the difference was

statistically significant due to the very large sample size,

the absolute difference of pulmonary complications among

weekday and weekend admission was only 0.15%, result-

ing in a high number needed to harm of 649. This differ-

ence, although statistically significant, is of negligible

clinical relevance.

Interestingly, the rate of complicated appendicitis was

similar on weekdays and weekends in this study. It has

been previously reported that the delay from onset of

symptoms to emergency room admission and the delay

from admission to treatment is longer on weekends than

weekdays [6, 30]. In relation to acute appendicitis, one

should assume that this time delay would result in a higher

incidence of perforation and periappendiceal abscess for-

mation. This assumption is supported by several authors

reporting that the duration from onset of symptoms to

operation is an important timeframe leading to complicated

appendicitis [16–18, 31]. However, no such difference was

found in the present investigation.

We acknowledge that there are limitations of our study.

Due to the administrative nature of the underlying data-

base, it is possible that some diagnoses, procedures, and

other variables were miscoded. However, we believe that

the miscoding should be nondifferential, i.e., not more

common on weekday or weekend. Second, the NIS data-

base offers only inpatient data. Therefore, complications

occurring after hospital discharge could not be included in

this analysis. Third, we are limited to the variables avail-

able in the dataset. Accordingly, we were not able to dif-

ferentiate between daytime or nighttime admissions, which

could impact adverse outcomes. Despite these limitations,

our study has important strengths: first, the large sample

size enhances the confidence in our results, and second, the

population-based nature of this database means that the

results have high external validity.

In summary, these analyses provide compelling evi-

dence that there is no clinically significant ‘‘weekend

effect’’ for patients undergoing laparoscopic appendectomy

for acute appendicitis. This negative finding helps to avoid

potentially extensive cost spending to eliminate a clinically

insignificant ‘‘weekend effect’’ in a highly prevalent dis-

ease. No hospital or staffing policy changes are justified

based on the findings from this large national study. Lap-

aroscopic appendectomy for acute appendicitis is not prone

to the ‘‘weekend effect.’’
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