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BACKGROUND: Hospital care on weekends has been as-
sociated with delays in care, reduced quality, and poor
clinical outcomes.
OBJECTIVE: The purpose of this study was to evaluate
the impact of a weekend hospital intervention on process-
es of care and clinical outcomes. The multifaceted inter-
vention included expanded weekend diagnostic services,
improved weekend discharge processes, and increased
physician and care management services on weekends.
DESIGN AND PATIENTS: This was an interrupted time
series observational study of adult non-obstetric patients
hospitalized at a single academic medical center between
January 2011 and January 2014. The study included
18 months prior to and 19 months following the imple-
mentation of the intervention. Data were analyzed using
segmented regression analysis with adjustment for
confounders.
MAIN MEASURES: The primary outcome was average
length of stay. Secondary outcomes included percent of
patients discharged on weekends, 30-day readmission
rate, and in-hospital mortality rate.
KEY RESULTS: The study included 57,163 hospitaliza-
tions. Following implementation of the intervention, av-
erage length of stay decreased by 13 % (95 % CI 10–
15 %) and continued to decrease by 1 % (95 % CI 1–2 %)
per month as compared to the underlying time trend.
The proportion of weekend discharges increased by
12 % (95 % CI 2–22 %) at the time of the intervention
and continued to increase by 2 % (95 % CI 1–3 %) per
month thereafter. The intervention had no impact on
readmiss ions or morta l i ty. Dur ing the post-
implementation period, the hospital was evacuated
and closed for 2 months due to damage from
Hurricane Sandy, and a new hospital-wide electronic
health record was introduced. The contributions of the-
se events to our findings are not known. We observed a
lower inpatient census and found differences in patient
characteristics, including higher rates of Medicaid in-
surance and comorbidities, in the post-Hurricane
Sandy period as compared to the pre-Sandy period.

CONCLUSIONS: The intervention was associated with a
reduction in length of stay and an increase in weekend
discharges. Our longitudinal study also illuminated the
challenges of evaluating the effectiveness of a large-scale
intervention in a real-world hospital setting.

KEY WORDS: Health care delivery; Hospital medicine; Variations; Natural

disaster.

J Gen Intern Med 30(11):1657–64

DOI: 10.1007/s11606-015-3330-6

© Society of General Internal Medicine 2015

INTRODUCTION

Multiple studies have demonstrated that there are differences
in the quality of care delivered in hospitals, depending on the
day of the week. Compared to care on weekdays, care on
weekends has been associated with delays,1,2 decreased inten-
sity,3,4 and poorer performance on quality-of-care metrics such
as time to reperfusion for acute myocardial infarction and
completion of discharge instructions.5–11 This variability in
care may have important clinical implications, as weekends in
the hospital have been associated with increased mortality.8–15

At our medical center, we observed that the number of
discharges was substantially lower on weekends than on
weekdays. The number of discharges was highest on
Mondays, and hospitalizations that ended on Monday were
associated with a long length of stay. These observations
suggested that there were delays in care over the weekend
leading to increased length of stay. Furthermore, we observed
that while some services, such as imaging or operating rooms,
were at or even above capacity during the week, they were
being underutilized on weekends. To address concerns related
to differences in care throughout the week, our medical center
instituted an intervention to increase weekend services and
staffing called the 7-Day Hospital Initiative.16 This was a
major initiative that was championed by hospital executive
leadership and was guided by a steering committee that in-
cluded both clinical (e.g. chief medical officer, chief nursing
officer) and operational (e.g. chief of hospital operations, chief
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information officer) leadership. The purpose of the current
study was to evaluate the effectiveness of this intervention
on length of stay and other process and outcome measures.

METHODS

Design and Setting. We performed an interrupted time series
observational study of patients hospitalized at Tisch Hospital,
a 705-bed teaching hospital that is the flagship acute care
hospital of NYU Langone Medical Center. In this quasi-
experimental design, changes in an outcome are associated
with the introduction of an intervention while accounting for
temporal trends in the outcome.17 Patients eligible for inclu-
sion in the study were those who were 18 years of age and
older and who were admitted to the hospital after January 1,
2011 and discharged before January 31, 2014. We excluded
patients on the obstetrical service and patients who were
discharged on October 30, 2012, the day on which the hospital
was evacuated due to the effects of Hurricane Sandy.
This study was approved by the NYU School of Medicine

Institutional Review Board (IRB).

Intervention. The 7-Day Hospital Initiative was a multifaceted
intervention consisting of five major components: 1) expanded
access to diagnostic procedures on weekends; 2) expanded
hospitalist coverage on the medicine service on weekends,
with improved structure for patient handoffs; 3) increased care
management services on weekends; 4) improved discharge
processes; and 5) increased elective surgeries on weekends
(Table 1). In addition, providers and staff were encouraged to
provide ongoing feedback regarding weekend quality of care
in order to foster ongoing improvement.
Initial discussions related to targeting weekend versus

weekday variations in care began in late 2010,16 based on
evaluation by hospital operations as well as feedback from
physicians, nurses, and other clinicians regarding the causes of
weekend hospital inefficiencies. Implementation of the inter-
vention largely occurred in calendar year 2012. For analytic
purposes, we considered the 7-Day Hospital Initiative imple-
mentation to have started on July 1, 2012, the date on which
the hospitalist service component of the initiative began.

Hurricane Sandy. On October 29, 2012, Hurricane Sandy
descended upon New York City, resulting in widespread
flooding and loss of power. NYU Langone Medical Center
sustained extensive damage from the storm, requiring
emergency evacuation of more than 300 inpatients and
closure of the hospital to repair infrastructure.18 Surgical and
intensive care unit inpatient services were reopened on
December 27, and nearly all other inpatient services were
restored by January 14, 2013.19,20 The emergency
department remained under construction for the duration of
the current study and reopened April 2014, with an urgent care

center established in the interim to provide immediate patient
care.20

Change in Electronic Health Record (EHR). A new EHR,
Epic (Epic Systems, Verona, WI, USA), was implemented in
December 2012, and replaced the previous EHR for inpatient
services, Sunrise Clinical Manager (Allscripts, Chicago, IL,
USA). The change in EHR coincided with hospital reopening
following Hurricane Sandy.

Study Measures. The primary study outcome was average
length of stay. Secondary outcomes included percent of
weekend (versus weekday) discharges, in-hospital mortality,
and 30-day hospital readmission. For evaluation of 30-day
readmission, we captured readmissions only to our medical
center and excluded patients who died during the index hos-
pitalization. Patients discharged in October 2012 were also
excluded from this analysis due to incomplete 30-day follow-
up as a result of hospital closure.
We also examined a secondary outcome of electronic health

record (EHR) interactions, a measure of hospital care intensity
which is defined as the number of times any provider accesses
an individual patient chart. This measure has demonstrated
substantial temporal fluctuations throughout the week and has
been correlated with length of stay.3,4 EHR interactions were
presented as rates by dividing the number of patient chart
accessions by the inpatient census for each hour. EHR inter-
action rates were assigned to one of three time periods: day
(9:00 a.m. to 4:59 p.m.), morning/evening (7:00 a.m. to
8:59 a.m. and 5:00 p.m. to 7:59 p.m.), or night (8:00 p.m. to
6:59 a.m.).3,4 We determined the rate ratio of weekday to
weekend EHR interactions per patient for each month by
calculating the quotient of the mean number of EHR interac-
tions per patient per hour for each time group.
Covariates included age, gender, race, insurance, admission

source, clinical service, Charlson comorbidity score,21 admis-
sion day of the week, and service intensity weight (SIW). SIW
is a relative measure of resources needed for a given All
Patient Refined Diagnosis Related Group (APR-DRG) in the
state of New York.22

Statistical Analysis. Baseline characteristics were presented as
percentages or means with standard deviations, as appropriate.
We used chi-squared tests and t tests to compare characteristics
of patients across time.
The interrupted time series study was performed with each

calendar month as the unit of time. We examined trends for
18 months prior to and 19 months following implementation
of the intervention. The two months (November and
December 2012) of storm-related hospital closure were con-
sidered to not have contributed to time in the model; i.e.
January 2013 was treated analytically as the month following
October 2012. Associations between the intervention and
outcomes were analyzed using segmented regression
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analysis23–25 For the outcome of length of stay, a negative
binomial model was fit, while for the outcomes of percent
weekend discharges, 30-day readmission, and in-hospital mor-
tality, logistic regression models were fit. In each model, we
included three variables to measure the relationship of time
and the outcome of interest: 1) a continuous time variable to

represent the underlying temporal trends; 2) a dummy variable
for the post-intervention period to determine the change in
outcome related to the intervention; and 3) a continuous time
variable, which began at the start of the intervention, to repre-
sent the change in slope.23–25 The coefficients of the latter two
variables were of primary interest and indicated whether the

Table 1 Summary of 7-Day Hospital Initiative Components

Intervention Component Detailed Description Implementation Dates

Increased weekend diagnostic procedures Increased availability of echocardiography, cardiac stress tests,
interventional radiology, swallow studies

March–September 2012

Expanded hospitalist coverage Increased staffing of hospitalist attending physicians on
weekends to levels comparable to weekday staffing; improved
handoff processes, which occurred during Friday bedside rounds
and included the weekend hospitalist, the weekday hospitalist
and the resident team

July 2012

Increased care management staffing Increased care management and social work staffing to improve
weekend discharge processes

February 2012–January 2013

Improved discharge collaboration Implemented standard weekend interdisciplinary rounds to improve
communication and discharge processes among social workers,
care managers, nurses, and physicians on weekends

July–September 2012,
January 2014

Increased elective weekend surgeries Implemented strategies to increase the number of elective, primarily
outpatient, surgeries performed on weekends. Strategies included
increased weekend staffing of operating rooms, increased availability
of high-demand operating rooms on weekends, and physician
incentives/requirements to perform weekend surgeries.

January 2012–December 2013

Table 2 Characteristics of Patients Hospitalized January 1, 2011–January 31, 2014, Presented Both Before and After Hospital Closure for
Hurricane Sandy on October 29, 2012

All Hospitalizations
(n=57,163)

Before Hurricane Sandy
(n=38,889)

After Hurricane Sandy
(n=18,274)

p value

Year
2011 38.4 56.5
2012 29.6 43.5
2013 29.5 92.4
2014 (January) 2.4 7.6

Age, mean (SD) 61.4 (19.2) 61.4 (19.3) 61.3 (19.0) 0.31
Female gender 50.2 51.1 48.4 <0.0001
Race
White 69.1 68.9 69.5 0.42
Black 9.9 9.9 9.9 0.57
Other 21.0 21.2 20.6 0.03

Medicaid insurance 17.7 17.0 19.1 <0.0001
Service intensity weight, mean (SD) 1.22 (1.18) 1.25 (1.24) 1.16 (1.02) <0.0001
Charlson index
0 33.2 34.9 29.5 <0.0001
1 18.4 18.3 18.5 0.50
2 17.8 17.9 17.7 0.75
3 9.6 9.2 10.3 <0.0001
≥4 21.0 19.7 24.0 <0.0001

Admission source
ER or Urgent Care 44.2 43.2 46.3 <0.0001
Other hospital 4.8 3.8 7.0 <0.0001
Skilled nursing facility 0.2 0.3 0.1 <0.0001
Home/Other 50.8 52.7 46.6 <0.0001

Service
Medicine 48.5 49.1 47.0 <0.0001

Hospitalist 16.1 15.2 17.8 <0.0001
Non-Hospitalist 32.4 33.9 29.2 <0.0001

Surgery 37.3 35.8 40.6 <0.0001
Other 14.2 15.1 12.4 <0.0001

Day of admission
Saturday 6.3 6.6 8.7 <0.0001
Sunday 6.8 7.1 6.4 0.00
Monday 19.4 19.1 19.8 0.04
Tuesday 18.8 18.6 19.3 1.05
Wednesday 17.0 16.9 17.3 0.19
Thursday 17.0 17.0 17.0 0.96
Friday 14.7 14.7 14.5 0.41
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intervention had an immediate or ongoing effect on the out-
come of interest, respectively. Results for the relationships
between time and outcomes were presented graphically using
post-estimation adjustment for covariates.
We performed subgroup analyses for patients on the med-

icine and surgical services. Within the medicine service, we
performed subgroup analyses of patients who were cared for
by hospitalist physicians, who worked exclusively with inpa-
tients and were employed by the hospital, or non-hospitalist
physicians. Differences between the services were determined
based on the coefficient for the interaction term.
Trends in the rate ratio of weekday to weekend EHR inter-

actions were presented graphically to demonstrate changes
across time. To help assess the validity of comparing this
metric across two different EHRs, we presented the mean

number of EHR interactions before and after the implementa-
tion of the new EHR at our hospital, which coincided with
hospital reopening following Hurricane Sandy. Differences
between the pre- and post-EHR implementation periods were
compared using t tests.

RESULTS

Implementation of the components of the 7-Day Hospital
Initiative occurred at various time points (Table 1). The in-
crease in weekend staffing of hospitalists occurred on July 1,
2012, when the number of weekend hospitalists on staff in-
creased from 6.5 to 12.5 full-time equivalents. Concurrently

Table 3 Results of the Interrupted Time Series Analysis Evaluating the Effect of the 7-Day Hospital Intervention on Outcomes of Length of
Stay, Percent of Discharges Occurring on Weekends, 30-Day Hospital Readmission, and In-Hospital Mortality

Outcome Rate of change, pre-intervention Change in level, introduction
of intervention

Change in rate, post-intervention

Length of stay 1.01 (1.01, 1.02) 0.87 (0.85, 0.90) 0.99 (0.98, 0.99)
Weekend discharges (%) 0.99 (0.99, 1.00) 1.12 (1.02, 1.22) 1.02 (1.01, 1.03)
Readmission 0.99 (0.99, 1.00) 0.90 (0.81, 1.01) 1.01 (0.99, 1.02)
Mortality 0.99 (0.97, 1.00) 1.10 (0.84, 1.44) 1.02 (0.99, 1.05)

Fig. 1 Trends in adjusted length of stay, by month. July 2012 represents the beginning of the 7-Day Initiative. Data from November and
December 2012 are missing due to hospital closure related to Hurricane Sandy.
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with this new staffing model, handoffs were redesigned such
that the weekend hospitalist was included in rounds with the
weekday hospitalist and resident team each Friday to review
the plan for each patient at the bedside. The majority of new
weekend social workers and care managers were hired around
this time, but due to delays following hospital closure after
Hurricane Sandy, the increase in care management staffing
was not fully completed until early 2013 (Table 1). With the
increased weekend staffing, physicians and care managers
began to review the disposition of all patients on weekend
mornings; previously, communication between these staff was
infrequent and only occurred if a significant issue arose.
Formal interdisciplinary rounds were introduced only at the
end of the study period (Table 1).
The study included 57,163 hospitalizations, representing a

total of 38,703 unique patients. Of these hospitalizations,
48.5 % were on the medicine service, 37.3 % were on surgical
services, and 14.2 % were on other services (Table 2). The
mean age of hospitalized adult patients was 61.4 years, 50.2 %
of patients were female, and 9.9 % of patients were black.
Although weekends represent 28.6 % of the week, only
13.1 % of all hospitalizations began with admission on a
weekend day (Table 2).
Of the three full calendar years included in the study, 2011

contributed the greatest number of hospitalizations, which at

least partly reflects hospital closure and the aftereffects of
Hurricane Sandy during 2012 and 2013. The average (SD)
census of included patients was 374.3 (47.5) before hospital
closure and 301.4 (45.1) after hospital reopening; the census
did not reach that of the pre-Sandy period until August 2013.
Some differences were noted in patient characteristics across
time. For instance, patients hospitalized during the post-Sandy
period were more likely to be Medicaid beneficiaries and to
have a higher Charlson comorbidity index, but lower service
intensity weight, as compared to patients hospitalized during
the pre-Sandy period. Hospitalizations during the post-Sandy
period were also more likely to be on the surgical service and
less likely to have begun on a weekend day (Table 2).
Prior to the intervention, there was an underlying trend of an

increase in average length of stay of 1 % (95 % CI 1–2 %) per
month (Table 3). Immediately following introduction of the
intervention, overall hospital length of stay decreased by 13 %
(95 % CI 10–15 %). This was followed by a continued
decrease of 1 % per month as compared to the underlying
time trend, or no change as compared to the new baseline
following the introduction of the intervention (Fig. 1). Similar
trends were observed on the medicine service, while reduced
length of stay was not observed for surgery patients (Fig. 1).
Results in trends of length of stay were similar between
medicine patients on the hospitalist service versus non-

Fig. 2 Monthly trends in secondary outcomes for all hospitalized patients: percent of discharges occurring on weekends, 30-day hospital
readmission, and in-hospital mortality. July 2012 represents the beginning of the 7-Day Initiative. Data from November and December 2012 are

missing due to hospital closure related to Hurricane Sandy.
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hospitalist service, although the hospitalist service was asso-
ciated with a smaller decrease in length of stay immediately
following introduction of the intervention (0.91 [95 % CI
0.85–0.98] versus 0.82 [95 % CI 0.78–0.86], p=0.02).
The percent of weekend discharges was 19.1 % in the

pre-intervention period and 22.0 % in the post-intervention
period. The proportion of weekend discharges increased by
12 % (95 % CI 2–22 %) at the time of the intervention and
continued to increase by 2 % (95 % CI 1–3 %) per month
thereafter (Table 3; Fig. 2). In 30-day readmissions, there
was a nonsignificant decrease of 10 % (95 % CI −1 % to
19 %) at the time of the intervention, and no subsequent
change. There were no significant changes in mortality
during the study period (Table 3; Fig. 2). Trends in these
secondary outcomes were generally similar between med-
icine and surgery services (p>0.05 for differences between
these services).
The rate ratios of weekday to weekend EHR interactions

decreased substantially after January 2013 (Fig. 3), the month
in which a new EHR was implemented in our medical center.
Furthermore, the overall number of EHR interactions signifi-
cantly increased following implementation of the new EHR,
from 2.8 (SD 1.4) to 4.4 (SD 1.7) per patient per hour
(p<0.001 for difference).

DISCUSSION

The 7-Day Hospital Initiative, a multi-component initiative to
increase hospital services on weekends, was associated with a
sustained reduction in length of stay. However, this association
must be interpreted in the context of concurrent hospital chang-
es during the study period. Specifically, we were unable to
determine the contribution of hospital closure due to
Hurricane Sandy and the implementation of a new EHR to
our findings. The 7-Day Hospital Initiative was also associated
with an increase in the proportion of patients discharged on
weekends, which likely contributed to the observed decrease in
hospital length of stay. We did not detect an impact on clinical
measures of 30-day readmission or in-hospital mortality.
Retrospective studies have noted differences in care and

outcomes between weekends and weekdays.1–15 A number
of prior analyses have suggested that the introduction of care
components similar to elements in our intervention may lead
to reductions in hospital length of stay. For instance, improved
night and weekend physician coverage has been associated
with reduced length of stay.26,27

In a real-world setting, the evaluation of the clinical impact
of a hospital initiative can be challenging. Any findings re-
garding the effect of an intervention on care and clinical

Fig. 3 Trends in weekday to weekend electronic health record (EHR) interactions, a measure of hospital intensity of care, by month. Weekday to
weekend EHR interaction comparisons were based on the following three work-hour periods: day (9:00 a.m. to 4:59 p.m.), morning/evening

(7:00 a.m. to 8:59 a.m. and 5:00 p.m. to 7:59 p.m.), and night (8:00 p.m. to 6:59 a.m.).
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outcomes may be limited by various factors, including tem-
poral changes in patient case mix, trends in care patterns and
outcomes, and concurrent hospital initiatives, such as a new
EHR, which may also affect outcomes. To help mitigate such
concerns, we performed a time trend study, which accounts for
secular trends, and adjusted for patient case mix.17

In addition to these relatively routine threats to validity, our
hospital delivery system experienced two changes during the
study period: a natural disaster and a new EHR. The biggest
challenge to the validity of our analytic framework in this real-
world study was the evacuation, shutdown, and phased
reopening of the entire hospital in the wake of Hurricane
Sandy. Our administration worked intently to be able to reopen
only two months after the storm. However, the early Bpost-
reopening^ period differed from the Bpre-closing^ period in a
number of respects. For instance, due to substantial damage, the
emergency department was replaced by an urgent care center,
which is not serviced by emergency medical services ambu-
lances. The lack of a full-service emergency department contrib-
uted to the reduction in hospital volume and changes in case mix
observed in the months after reopening. The decreased census in
the post-Sandy periodmay have led to an improvement in patient
flow through the hospital, with a resulting decreased length of
stay that may have been independent of the intervention. Patients
with extended hospital stays needed to be discharged when the
hospital closed, and it took time to replenish this cohort after the
hospital reopened. Our findingsmust be interpreted in the context
of these differences in case mix, patient census, and hospital flow
between pre-closing and post-closing periods.
We considered several analytic approaches to account for

the closure. As an interrupted time series study considers that
part of the effect of the intervention may be related to in-
creased uptake over time, we decided on an approach to
consider closure time as a time gap. In other words, we did
not believe that the time of hospital closure would lead to
further implementation or uptake of the initiative, although we
were unable to measure the aggregate effect of closure on the
effectiveness of the initiative.
The second change, while not a regular occurrence, is an

example of a substantial alteration that may occur in any large
hospital system. A new EHR was introduced during the study
period, a system-level change which is increasingly common
in hospital systems given the rapid expansion of EHRs nation-
ally.28 At our hospital, this change may have had implications
in care delivery through changes to workflow and the intro-
duction of clinical decision support.29 As a result, our findings
may have been influenced by the change in EHR. The possi-
bility that the new EHR affected workflow is supported by
findings that EHR interactions increased substantially after the
introduction of the new EHR. In this study, we observed a
substantial decrease in weekend to weekday variability in
EHR interactions, a measure associated with intensity of
care,3,4 following implementation of the initiative. However,
because of the mid-study transition in our hospital-wide EHR
platform, we were unable to determine the relative

contribution of the 7-Day Hospital Initiative to these observed
changes in EHR interactions.
Additional limitations of our study design deserve consid-

eration in the interpretation of our findings. First, the initiative
was implemented and evaluated at a single institution, and
results may not be generalizable to other hospitals. Second,
readmissions were counted only if they occurred at our hos-
pital, which may have led to misclassification as a result of
patients going to other hospitals. Third, we were unable to
determine the effect of the intervention on important patient-
reported outcomes such as quality of life and patient satisfac-
tion. Fourth, we did not evaluate a number of intervention-
related process measures, such as timing between ordering and
the performance of diagnostic tests or evaluation of weekend
discharge collaboration and communication. Fifth, we were
unable to discern the relative effect of each component of the
intervention on observed outcomes.
Our findings suggest that a multifaceted intervention de-

signed to improve care on weekends may improve hospital
throughput, though we did not detect an impact on clinical
outcomes such as readmissions or mortality. This study also
affords a look at the impact of a large-scale perturbation on an
evaluation of the effectiveness of a system-level care improve-
ment intervention in a real-world hospital setting. As Hurricane
Sandy and the new EHR had effects on the implementation and
possibly the outcomes of the intervention, studies evaluating
similar interventions in other hospital systems are warranted.
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