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Abstract
Background—There is increasing complexity in the management of patients with acute severe
exacerbation of inflammatory bowel disease (IBD; Crohn’s disease (CD), ulcerative colitis (UC))
with frequent requirement for urgent surgery.

Aim—To determine whether a weekend effect exists for IBD care in the United States.

Methods—We used data from the Nationwide Inpatient Sample (NIS) 2007, the largest all-payer
hospitalization database in the United States. Discharges with a diagnosis of CD or UC who
underwent urgent intestinal surgery within 2 days of hospitalization were identified using the
appropriate ICD-9 codes. The independent effect of admission on a weekend was examined using
multivariate logistic regression adjusting for potential confounders.

Results—Our study included 7,112 urgent intestinal surgeries in IBD patients, 21% of which
occurred following weekend admissions. There was no difference in disease severity between
weekend and weekday admissions. Post-operative complications were more common following
weekend than weekday hospitalizations in UC (odds ratio (OR) 1.71, 95% confidence interval (CI)
1.01–2.90). The most common post-operative complication was post-operative infections
(Weekend 30% vs. weekday 20%, p=0.04). The most striking difference between weekend and
weekday hospitalizations was for need for repeat laparotomy (OR 11.5), mechanical wound
complications (OR 10.03) and pulmonary complications (OR 2.22). In contrast, occurrence of any
post-operative complication in CD was similar between weekday and weekend admissions.

Conclusion—Patients with UC hospitalized on a weekend undergoing urgent surgery within 2
days have an increased risk for post-operative complications, in particular mechanical wound
complications, need for repeat laparotomy, and post-operative infections.
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INTRODUCTION
The weekend effect is the well-described phenomenon of worse outcomes for patients
hospitalized on a weekend compared to a weekday1, 2. Such an effect has been demonstrated
for a spectrum of medical and surgical illnesses ranging from gastrointestinal bleeding,
myocardial infarction, abdominal aortic aneurysm, and pulmonary embolism1–6. However,
this effect may not exist across all healthcare systems7, 8 and may in part relate to the greater
severity of patients who present to the hospital on a weekend, potentially representing
delayed seeking of care5, 9. In addition, the weekend effect could also be related to
availability of specialist expertise, as many of the conditions for which a weekend effect has
been demonstrated often require the input of specialist consultants or procedures1–3, 7, 10

while lower complexity illnesses may demonstrate an attenuated or non-significant weekend
effect11.

Inflammatory bowel diseases (IBD; Crohn’s disease (CD), ulcerative colitis (UC)) are
chronic inflammatory diseases of the intestine that often require hospitalizations for medical
management or surgery12. Indeed, nearly one-fifth of UC patients and half of patients with
CD will require at least one surgery in the management of their disease12–16. Often, many of
these surgeries occur following an urgent or emergent hospitalization for a disease flare,
such hospitalizations being associated with an increased risk of postoperative morbidity and
mortality17, 18. There is also growing recognition of practice variation in the management of
these patients, with higher volume hospitals demonstrating lower mortality and morbidity
following IBD-related hospitalizations, particularly those that require surgery17–19.

There is increasing complexity in the management of IBD patients and often the pressing
need for multi-disciplinary medical and surgical expertise for patients with an acute severe
flare requiring urgent surgery. Consequently, we performed this study using a nationwide
population-based database of hospitalizations to examine whether weekend hospitalizations
are associated with an increased incidence of post-operative mortality or morbidity
following urgent intestinal surgery in CD and UC.

METHODS
Data Source

The data source for our study was the Nationwide Inpatient Sample (NIS) 2007. The NIS is
the largest all-payer inpatient hospitalization database in the United States and is maintained
by the Agency for Healthcare Research and Quality (AHRQ)20. Using a stratified sample
survey design, the NIS contains all hospitalizations from a 20% stratified random sample of
hospitalizations from all participating states. For the year 2007, the NIS included nearly
1,000 hospitals from 37 states covering over 8 million discharges. Each hospitalization is
coded with one primary diagnosis upon discharge, up to 14 secondary diagnoses and 15
procedures associated with the hospitalization using International Classification of Diseases,
9th edition, clinical modification (ICD-9-CM) disease codes. The NIS correlates well with
other hospitalization databases in the United States and has been extensively used for
research including on IBD.

Study Cohort and Variables
Our primary study population comprised of all individuals hospitalized with a primary or
secondary discharge diagnosis of CD (ICD-9-CM 555.x) or UC (ICD-9-CM 556.x). Each
discharge is designated as a weekday (Monday-Friday) or weekend (Saturday-Sunday)
hospitalization based on the date of admission. First, we compared the characteristics of all
patients admitted on a weekend compared to a weekday (Table 1). As it is intuitive that a
weekend hospitalization is of the greatest relevance among patients of the highest acuity
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who undergo the intervention of interest also during the weekend or soon thereafter, we
further refined our cohort to include only those patients who underwent urgent intestinal
surgery using the appropriate ICD-9 CM codes (Supplementary Table 1). Each
hospitalization is further coded as elective, urgent, or emergent as was as if the admission
source was a transfer from another hospital. For each procedure, the NIS indicates the
timing of the procedure in relation to date of admission. Our primarily analysis included
non-elective hospitalizations where the intestinal surgery occurred within 2 days of
hospitalization (“urgent intestinal surgery”) (Figure 1).

We extracted age, gender, race, zip code level income, and hospital characteristics (bedsize,
teaching hospital) from the database. General co-morbidity was quantified using the Deyo
modification of the Charlson score, a widely accepted and used measure21, 22. For disease-
specific co-morbidity we used indicators that we had previously shown to be important in
determining severity of hospitalized CD and UC patients, namely anemia, malnutrition, total
parenteral nutrition, need for blood transfusion, and occurrence of Clostridium difficile (C
difficile) infection23, 24.

Outcomes
Our primary outcomes were post-operative morbidity defined as the occurrence of any post-
operative complication. This was further subdivided into specific post-operative
complications which included infections, cardiovascular, pulmonary, gastrointestinal, or
urinary complications, and surgery-specific complications such as mechanical wound
complications and need for repeat laparotomy (Supplementary Table 1)10, 17, 18. Our
secondary outcomes included post-operative mortality, length of stay, and total
hospitalization charges.

Statistical Analysis
Data were analyzed with Stata Intercooled 11.0 (StataCorp, College Station, TX) using the
appropriate survey commands and survey weights provided within the NIS. Continuous
variables were summarized using means and standard deviations with the use of proportions
for categorical variables. The chi-square test was used to compare categorical variables; the
t-test was used for the continuous variables. Univariate logistic regression was performed
with weekend hospitalization as the main predictor variable. Those that achieved statistical
significance at p < 0.05 in this model were included in the final multivariate model that
adjusted for potential confounders. All p-values were two-sided and significant when ≤ 0.05.
The study was approved by the Institutional Review Board of Partners Healthcare.

RESULTS
Study Cohort

Table 1 presents a comparison of all hospitalizations with a primary diagnosis of CD or UC,
stratified by admission on a weekend. Weekend and weekday hospitalizations were not
different with respect to age, gender, or co-morbidity distribution. Weekday admissions
were slightly more likely to require blood transfusion, parenteral nutrition, and any bowel
surgery (excluding elective admissions for surgery). There was no difference in undergoing
urgent surgery within 2 days of hospitalization, or in-hospital death between both groups.

An estimated 28,385 patients with a diagnosis of CD or UC underwent intestinal surgery
during hospitalization. Figure 1 depicts the flow of the study cohort. After excluding patients
with missing time to procedure or who were coded as having elective admissions, we were
left with 12,177 non-elective admissions resulting in intestinal surgery. After excluding
patients who were also diagnosed as having colorectal cancer, admitted via transfer from
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another hospital, or those who had surgery > 2 days after admission, we were left with a
final study cohort of 7,112 urgent non-elective intestinal surgeries in IBD patients. Among
these, 1,489 occurred following a weekend hospitalization (21%) while the remaining 5,623
(79%) were following weekday hospitalizations.

Table 2 compares the characteristics of patients admitted on a weekend and weekday who
underwent urgent intestinal surgery. There was no significant difference in age, gender or
Charlson co-morbidity score between the two groups. Nearly three-quarters of patients in
each group had a diagnosis of Crohn’s disease. Disease-specific co-morbidity – anemia,
malnutrition, need for blood transfusion, or parenteral nutrition -was also not different
between the two groups. An estimated 5% of weekend and 4% of weekday hospitalizations
resulting in urgent surgery had a diagnosis of C difficile infection.

Post-operative complications in ulcerative colitis
Post-operative mortality following urgent intestinal surgery occurred in 7% of weekend
compared to 6% of weekday hospitalizations for ulcerative colitis (p=0.64) (Table 3). In
contrast, post-operative morbidity was more common in weekend (56%) compared to
weekday (42%, p=0.03) hospitalizations. Adjusting for potential confounders, this difference
persisted on multivariate analysis (odds ratio (OR) 1.71, 95% confidence interval 1.01 –
2.90) (Figure 2). The most common post-operative complications were post-operative
infections, occurring in 30% of weekend and 20% of weekday hospitalizations after urgent
intestinal surgery (p=0.04); this difference was slightly attenuated on multivariate analysis
(OR 1.71, 95% CI 0.95 – 2.92). The most striking difference between weekend and weekday
hospitalizations were for need for repeat laparotomy (OR 11.5, 95% CI 2.32 – 57.1),
mechanical wound complications (OR 10.03, 95% CI 3.01 – 33.40), and pulmonary
complications (OR 2.22, 95% CI 1.03 – 4.82) while there was no difference in
cardiovascular, gastrointestinal or urinary complications. There was also no difference in the
rates of undergoing a stoma procedure for an urgent surgery following weekend compared to
weekday hospitalizations (30% vs. 32%, p=0.65). There was also no difference in the overall
length of stay or hospitalization charges.

Among all urgent surgeries, 43% occurred on the day of hospitalization, 35% on day 1, and
21% on day 2. This distribution was not statistically different between weekday and
weekend hospitalizations (p=0.42). Hospitalization day of surgery did not influence post-
operative outcomes. Excluding patients who may have undergone surgery on day 2 of
hospitalizations (i.e. potentially accounting for Saturday or Sunday admissions admitted on a
weekend but operated on a weekday), our findings of increased any post-operative
complications (OR 1.74, 95% CI 1.00 – 3.10), pulmonary complications (OR 3.46, 95% CI
1.43 – 8.38), mechanical wound complications (OR 5.71, 95% CI 1.55 – 21.04), or repeat
laparotomy (OR 8.45, 95% CI 1.51 – 47.32) remained, supporting the robustness of our
findings. The effect sizes for any postoperative complication (OR 1.67), pulmonary
complications (OR 1.78), mechanical wound complications (OR 3.08), and repeat
laparotomy (OR 5.32) were slightly attenuated when the definition for surgery was
expanded to include those occurring within 4 days of admission. There was no statistically
significant interaction between hospital teaching status, size, location, and geographic region
and weekend admission status in influencing patient outcomes (p > 0.10 for all). Expanding
our analysis to all surgeries indicated that both weekend hospitalization (OR 1.61, 95% CI
1.20 – 2.14) and urgent / emergent admission (OR 1.79, 95% CI 1.44 – 2.22) were
independently associated with post-operative complications.
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Post-operative complications in Crohn’s disease
In contrast to the findings for UC, both post-operative mortality and overall occurrence of
any post-operative complication was less frequent in CD and similar between weekday and
weekend admissions (Table 3). There was a lower rate of postoperative infections for CD
patients hospitalized on the weekend, but a trend towards a higher rate of cardiovascular
complications post-operatively (OR 2.26, 95% CI 0.91 – 5.52) (Figure 3). Unlike results
observed in UC, there was also no difference in repeat laparotomy or mechanical wound
complications between weekend and weekday hospitalizations for CD. Requirement for a
stoma was uncommon among both weekend (10%) and weekday (8%, p = 0.57)
hospitalizations. Similar to that observed for UC, three-quarters of all surgery occurred on
days 0 or 1 of hospitalization, with similar distribution between weekend and weekday
hospitalizations. Hospitalization day of surgery did not influence patient outcomes. In an
analysis including all bowel surgeries, only emergent / urgent admission status (OR 1.26,
95% CI 1.08 – 1.45) but not weekend admission (OR 1.10, 95% CI 0.94 – 1.36) was
predictive of occurrence of any postoperative complication.

DISCUSSION
The effect of weekend hospitalizations have been examined for a number of different
conditions with many studies suggesting increased mortality and morbidity among such
patients1, 2, 5. However, most conditions where this effect has been demonstrated have
involved high complexity medical or surgical illnesses, or relatively less frequent diagnoses
requiring specialist care. For conditions that are common or have low complexity, there may
be only an attenuated weekend effect1, 3–6, 10, 11. In this analysis using a nationwide
hospitalization database, we demonstrated an increased incidence of post-operative
complications among UC patients hospitalized on a weekend who require urgent intestinal
surgery within 2 days. There was no similar effect for CD.

Several plausible reasons for the weekend effect have been postulated and explored. These
could include patient related factors with many seeking care on a weekend delaying their
presentation to a healthcare facility during the work week or requiring urgent care on the
weekend due to severity of disease5. We did not find evidence of this in our study as
measured using several markers of disease-specific co-morbidity such as anemia,
malnutrition, or need for transfusions. Indeed, among all primary IBD hospitalizations,
markers of disease severity were greater on weekday compared to weekend admissions.
More attention has been focused on provider and institution factors including weekend
staffing, ratio of patients to nurses or physicians, and on-site or on-call availability of
expertise for complex illnesses and surgical procedures. However, it is likely, given the
spectrum of conditions for which a weekend effect has been demonstrated, that the reason
behind it is multifactorial. Within the context of our study, the lack of individual provider
identification in the NIS precluded our being able to examine whether the differences
observed for weekend hospitalizations and emergent surgery outcomes was related to
individual surgeon volume, surgeon training (general surgeon or colorectal surgeon), or non-
surgical factors related to medical optimization and other supportive care involved in the
management of these patients. However, given that our strongest effects were for
complications that related to the surgical procedure, namely need for repeat laparotomy and
post-operative mechanical wound complications with a trend towards increased risk for
post-operative infections, it is likely that factors directly related to the surgery play a
stronger role in the weekend effect we identified for IBD patients. The exact reason for the
lower rate of postoperative infectious complications in CD patients admitted on a weekend
is unclear. First, it is possible that this contrast with what we observed for UC could be due
to the different surgical operations that are performed for acute exacerbations of CD
compared to UC. It is possible that provider (surgical and non-surgical experience) plays a
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different role in the management of CD and UC such that weekend hospitalization may not
be an important determinant of patient outcomes among hospitalized CD patients.
Unmeasured confounders beyond what we were able to capture in our study could also
influence the estimates.

Considerable interest exists regarding the impact of specialist care and practice variation in
the management of IBD. An early study using the Nationwide Inpatient Sample by Kaplan
et al. demonstrated that emergent hospitalization and undergoing a colectomy at a low-
volume hospital were associated with an increased post-operative mortality18. Expanding
the analysis to CD, Nguyen et al. and our group have also previously demonstrated a similar
association with hospital volume for CD, with a greater effect among those undergoing
surgery during the hospitalization17, 19. There is increasing complexity in the management
of patients with severe CD and UC, particularly in the acutely ill setting. However, early
ambulatory gastroenterologist care may improve outcomes in IBD patients, thereby
suggesting the need for specialist input and expertise25, 26. Furthermore, hospitalized UC
patients also demonstrated improved outcomes when admitted under a specialist compared
to a generalist27.

To our knowledge, there is no prior literature directly examining this effect in patients with
IBD. However, our findings are consistent with a study by Worni et al. who found higher
rates of overall post-operative complications among weekend hospitalizations for
diverticulitis undergoing surgery10. Similar to the results in our study, this effect was
pronounced for mechanical wound complications and need for repeat laparotomy, with only
a modest increase in post-operative cardiovascular complications. In contrast, the same
group examined whether there is a weekend effect for a less complex diagnosis, namely
appendicitis, and found no difference in the overall rate of post-operative complications
among weekend hospitalizations11.

Our study has a few implications. The identification of a weekend effect for urgent IBD-
related surgery in UC patients suggests a need for more systematic study regarding the
mechanisms behind such an effect, and replication of our findings in different health care
systems. Given the strength of association was greater for postoperative complications
directly related to the surgical procedure, there is need to further examine whether surgeon
experience and volume play an important role in determining short- and long-term outcomes
after increasingly complex urgent IBD-related surgery. If such is the case, then one must
consider whether availability of specialist expertise needs to be factored into the decision
making regarding the appropriate timing of surgery when possible. In addition, it is also
necessary to further study the impact of medical optimization prior to surgery, such as
minimizing exposure to corticosteroids or narcotics if possible, both of which have been
linked to adverse outcomes in IBD patients28, and management of nutritional status and
immunosuppression which could all impact post-surgical outcomes. Variations in such non-
surgery related measures between weekends and weekdays could also result in differences in
post-surgical outcomes. In addition, consistent with the ongoing focus on practice
standardization and quality improvement in the management of IBD, with the growing
panoply of therapeutic options available, there is need for ongoing study on the impact of
specialist expertise and experience on patient outcomes.

We readily acknowledge several limitations to our study. First, the NIS is a de-identified
administrative database making it impossible to validate individual ICD-9 codes.
Nevertheless, the codes for CD and UC have demonstrated good positive predictive value29,
and prior studies using administrative data for analysis of postoperative complications have
relied on similar codes to those used in our study, and have arrived at results consistent with
that observed using individual patient level data18, 30, 31. Second, as discussed above, we did
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not have information on individual provider level details which would be important to
examine further. Several studies have suggested a correlation between hospitalization
volume and surgical outcomes in patients with IBD. Furthermore, early specialist care has
also been associated with superior outcomes in hospitalized UC patients27. We did not
observe a statistically significant interaction between any of the hospital characteristics and
weekend admission status in determining patient outcomes suggesting generalizability to our
results across different patient care settings and likely both specialist and generalist care. We
also did not have information on potentially important medications and laboratory values;
nevertheless rough estimates of these where possible using ICD-9 codes did not reveal a
difference in severity between weekday and weekend hospitalizations. While weekend
admission may not always imply weekend surgical intervention, that over three-quarters of
the patients were operated on day 0 or 1 of hospitalizations suggests that this was frequently
the case. Furthermore, any bias introduced by misclassification of weekend hospitalizations
operated on a weekday is likely to bias our results towards the null, suggesting that our
estimates are conservative. Finally, since the NIS does not contain a unique person-level
identifier, we were unable to determine whether an individual was hospitalized more than
once in the database.

In conclusion, we identify a weekend effect following urgent intestinal surgery for UC
whereby such patients were more likely to develop post-operative complications, in
particular mechanical wound complications and the need for repeat laparotomy. Further
studies examining the mechanism behind such an association are required to institute the
appropriate interventions, be it medical optimization, wider availability of surgical expertise,
or supportive staffing measures, in order to ensure optimal patient outcomes regardless of
the day of hospitalization.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Derivation of the study cohort of patients with inflammatory bowel disease undergoing
urgent intestinal surgery within 2 days of hospitalization
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Figure 2. Multivariate† analysis of post-operative complications following urgent intestinal
surgery for ulcerative colitis
† Adjusted for age, gender, Charlson co-morbidity index, hospital bed-size and teaching
status, and zip code level income
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Figure 3. Multivariate† analysis of post-operative complications following urgent intestinal
surgery for Crohn’s disease
† Adjusted for age, gender, Charlson co-morbidity index, hospital bed-size and teaching
status, and zip code level income
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Table 1

Characteristics of the all primary inflammatory bowel disease hospitalizations, stratified by weekend
admission status

Parameter Weekend Hospitalization (n = 5,623) % Weekday hospitalization (n = 65,241) % p-value

Age (in years) 0.11

 18 – 35 35 35

 36 – 50 29 29

 51 – 65 19 20

 66 and older 17 16

Female 55 56 0.39

Charlson score 0.12

 0 74 74

 1 17 17

 2 5 6

 3 or more 4 3

IBD type

 Ulcerative colitis 38 39 0.11

 Crohn’s disease 62 61

Anemia 27 28 0.56

Malnutrition 5.0 5.9 0.02

Blood transfusion 9.1 10.6 0.01

Parenteral nutrition 3.7 5.5 < 0.001

Clostridium difficile infection 2.2 1.8 0.11

Smoking 20.8 20.1 0.44

Any bowel surgery (non-elective) 7.3 9.3 0.001

Urgent bowel surgery (within 2 days) 2.8 2.9 0.68

Died 0.4 0.6 0.17

IBD – Inflammatory bowel disease
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Table 2

Characteristics of IBD patients undergoing urgent intestinal surgery within 2 days of hospitalization

Parameter Weekend Hospitalization (n = 1,489) % Weekday hospitalization (n = 5,623) % p-value

Age (in years) 0.31

 18 – 35 29 32

 36 – 50 32 27

 51 – 65 20 23

 66 and older 19 18

Female 49 53 0.33

Charlson score 0.51

 0 72 72

 1 13 16

 2 6 5

 3 or more 9 7

IBD type 0.70

 Ulcerative colitis 27 26

 Crohn’s disease 73 74

Anemia 25 25 0.94

Malnutrition 7 8 0.49

Blood transfusion 13 15 0.57

Parenteral nutrition 10 13 0.17

Clostridium difficile infection 5 4 0.50

Smoking 20 20 0.81

IBD – Inflammatory bowel disease
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Table 3

Post-operative complications following urgent intestinal surgery for ulcerative colitis

Parameter Weekend Hospitalization (n = 372) % Weekday hospitalization (n = 1,388) % p-value

Post-operative mortality 7 6 0.64

Any post-operative complication 56 42 0.03

Specific complications

 Infectious 30 20 0.04

 Mechanical wound 12 2 0.0001

 Urinary 3 1 0.14

 Gastrointestinal 16 12 0.23

 Pulmonary 24 13 0.04

 Cardiovascular 10 6 0.24

 Surgical complication 5 8 0.48

 Repeat laparotomy 6 1 0.008

Length of stay (mean) 9.5 days 11.4 days 0.12

Hospitalization charges (mean) $ 69,612 $ 89,920 0.06
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Table 4

Post-operative complications following urgent intestinal surgery for Crohn’s disease

Parameter Weekend Hospitalization (n = 1,117) % Weekday hospitalization (n = 4,235) % p-value

Post-operative mortality 2 1 0.61

Any post-operative complication 35 34 0.91

Specific complications

 Infectious 10 16 0.03

 Mechanical wound 4 5 0.62

 Urinary 1 1 0.86

 Gastrointestinal 15 15 0.94

 Pulmonary 7 6 0.50

 Cardiovascular 4 2 0.11

 Surgical complication 4 4 0.90

 Repeat laparotomy 2 2 0.92

Length of stay (mean) 7.4 days 8.2 days 0.12

Hospitalization charges (mean) $ 45,225 $49,600 0.26
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