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Duty-hour restrictions have forced changes in care models
for inpatient services, including an increase in shift work. In
this study we aimed to determine whether a shift model
compliant with 2011 Accreditation Council for Graduate
Medical Education duty-hour standards was associated
with more active patient care management. Residents car-
ing for pediatric patients changed from a schedule with
extended duty shifts and cross-coverage to one based on
day/night shifts, limiting interns to 16 consecutive duty
hours. We conducted a retrospective review of orders writ-
ten under each model. After the intervention, there was a

significant increase in the mean number of orders written
within the first 12 hours (pre: 0.58 orders vs post: 1.12, P =
0.009) and 24 hours (pre: 1.52 vs post: 2.38, P = 0.004) fol-
lowing admission (not including admission orders), but we
did not detect a significantly higher percentage of orders
written at night. This shift-based coverage system
was associated with a greater number of orders written
early in the hospitalization, indicating more active manage-
ment of clinical problems. Journal of Hospital Medicine
2016;11:210-214. © 2015 Society of Hospital Medicine

Duty-hour restrictions were implemented by the
Accreditation Council for Graduate Medical Educa-
tion (ACGME) in 2003 in response to data showing
that sleep deprivation was correlated with serious
medical errors.! In 2011, the ACGME required more
explicit restrictions in the number of hours worked
and the maximal shift length.”? These requirements
have necessitated a transition from a traditional g4
call model for interns to one in which shifts are lim-
ited to a maximum of 16 hours.

Studies of interns working these shorter shifts have
had varied results, and comprehensive reviews have
failed to demonstrate consistent improvements.>™
Studies of shift-length limitation initially suggested
improvements in patient safety (decreased length of
stay,®” cost of hospitalization,® medication errors,”
serious medical errors,® and intensive care unit [ICU]
admissions”) and resident quality of life.'® However,
other recent studies have reported an increased num-
ber of self-reported medical errors'' and either did
not detect change'® or reported perceived decreases'>
in quality of care and continuity of care.

We previously reported decreased length of stay
and decreased cost of hospitalization in pediatric inpa-
tients cared for in a day/night-shift-based care model.®
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An hypothesized reason for those care improvements
is the restructured care model led to increased active
clinical management during both day and night hours.
Here we report the findings of a retrospective analysis
to investigate this hypothesis.

PATIENTS AND METHODS

Study Population

We reviewed the charts of pediatric patients admitted
to University of California, San Francisco Benioff
Children’s Hospital, a 175-bed tertiary care facility,
over a 2-year period between September 15, 2007 and
September 15, 2008 (preintervention) and September
16, 2008 and September 16, 2009 (postintervention).
During this study period, our hospital was still
dependent on paper orders. Admission order sets were
preprinted paper forms that were unchanged for the
study period. Using International Classification of Dis-
eases, 9th Revision coding, we identified patients on
the general pediatrics service with 1 of 6 common
diagnoses—dehydration, community-acquired pneu-
monia, aspiration pneumonia, upper respiratory infec-
tion, asthma, and bronchiolitis. These diagnoses were
chosen because it was hypothesized that their length
of inpatient stay could be impacted by active clinical
management. We excluded patients admitted to the
ICU or transferred between services.

A list of medical record numbers (MRNs) corre-
sponding to admissions for 1 of the 6 above diagnoses
during the pre- and postintervention periods was com-
piled. MRNs were randomized and then sequentially
reviewed until 50 admissions in each time period were
obtained. After data collection was completed, we
noted that 2 patients had been in the ICU for part of
their hospitalization, and these were excluded, leaving
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TABLE 1. Team Composition Before and After Intervention

Preintervention Postintervention
General Pediatrics Team A Team B Team C Team D Team E Team F
Patient Distribution General Pediatrics  Gl/Liver Renal (General Pediatrics (General Pediatrics Liver
Pulmonary Neurology Rheumatology Mixed Specialty Mixed Specialty Renal
Adolescent Endocrine
Team members* 2 interns (g6 call) 4 interns (3 on day shift/1 on night shift)
1 senior resident (g5 call) 1 senior resident
Night-shift coverage* 1intern and 1 senior resident together covered all 3 teams. 1 night intern per team (teams D/E) working 7 consecutive night shifts

Intern cross-coverage of other teams  Nights/clinic afternoons
Length of night shift 30 hours

1 supervising night resident covering all 3 teams
None
13 hours

“Refers to only to general pediatrics patient coverage - Teams A, D, and E.

NOTE: Abbreviations: Gl, gastrointestinal. *Refers to only to general pediatrics patient coverage—teams A, D, and E.
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FIG. 1. Team staffing before and after the intervention. Abbreviations: PGY2, postgraduate year 2.

48 admissions from prior to the intervention and
50 admissions from after intervention who were
examined.

Intervention
During the preintervention period, patients were cared
for by interns who took call every sixth night (duty
periods up to 30 hours), with cross-coverage of
patients on multiple teams. Cross-coverage was
defined as coverage of patients cared for during non-
consecutive shifts and for whom residents did not par-
ticipate in attending rounds. Noncall shifts were
typically 10 to 11 hours. They were supervised by sen-
ior residents who took call every fourth or fifth night
and who provided similar cross-coverage.

During the postintervention period, interns worked
day and night shifts of 13 hours (1 hour overlap time
between shifts for handoffs), with increased night

staffing to eliminate intern-level cross-coverage of
multiple teams and maintain interns as the primary
providers. Interns covered the same team for 5 to 7
consecutive days on either the day or night shifts.
Interns remained on the same teams when they
switched from day shifts to night shifts to preserve
continuity. There were some 24-hour shifts for senior
residents on weekends. Senior residents maintained
supervisory responsibility for all patients (both hospi-
talist teams and a subspecialty team). They also
worked 7 consecutive nights.

There were changes in the staffing ratios associated
with the change to day and night teams (Table 1, Fig-
ure 1). In the preintervention period, general pedia-
trics patients were covered by a single hospitalist and
cohorted on a single team (team A), which also cov-
ered several groups of subspecialty patients with sub-
specialty attendings. The team consisted of 2 interns
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TABLE 2. Patient Demographics and Diagnoses

Preintervention, Postintervention,
n=48,N (%) n=50,N (%) P Value
Age, y, mean (SD) 48(4.6) 55(4.7) 0.4474
Race/ethnicity 01953
NH white 12 (25.0%) 9(18.0%)
NH black 11(22.9%) 7(14.0%)
Hispanic 16/(33.3%) 13 (26.0%)
Asian 6 (12.5%) 10 (20.0%)
Other 3(6.3%) 10 (20.0%)
Missing 0 1(2.0%)
Gender 0.6577
Female 19(39.6%) 22 (44.0%)
Male 29 (60.4%) 28 (56.0%)
Primary language 0.2601
English 38 (79.2%) 45(90.0%)
Spanish 9(18.8%) 5(10.0%)
Other 1(2.1%) 0
Insurance 00118
Private 13(27.1%) 26 (52.0%)
Medical 35 (72.9%) 24 (48.0%)
Other 0 0
Admit source 0.6581
Referral 20 (41.7%) 18 (36.0%)
ED 26 (54.2%) 31(62.0%)
Transfer 2 (4.2%) 1(2.0%)
Severity of illness 0.1926
Minor 15(31.3%) 24 (48.0%)
Moderate 23 (47.9%) 16 (32.0%)
Severe 10 (20.8%) 10(20.0%)
Extreme 0 0
Diagnoses 0.562
Asthma 21 19
Bronchiolitis 2 4
Pneumonia 17 19
Dehydration 6 7
URI 0 1
Aspiration pneumonia 2 0

NOTE: Abbreviations: ED, emergency department; NH, non-Hispanic; SD, standard deviation; URI, upper
respiratory infection.

and 1 senior resident, who shared extended (30-hour)
call in a cycle with 2 other inpatient teams. In the
postintervention period, general pediatrics patients
were split between 2 teams (teams D and E) and
mixed with subspecialty patients. Hospitalist contin-
ued to be the attendings, and these hospitalists also
covered specialty patients with subspecialists in con-
sulting roles. The teams consisted of 3 interns on the
day shift, and 1 on the night shift. There was 1 senior
resident per team on day shift, and a single senior res-
ident covering all teams at night.

There was no change in the paper-order system, the
electronic health record, timing of the morning blood
draw, use of new facilities for patient care, or proto-
col for emergency department admission. Concomi-
tant with the restructuring, most subspecialty patients
were consolidated onto the hospitalist service, necessi-
tating creation of a second hospitalist team. However,
patients admitted with the diagnoses identified above
would have been on the hospitalist service before and
after the restructuring.

TABLE 3. Distribution of Orders

Preintervention,  Postintervention, P

48 Admissions 50 Admissions Value
Total no. of orders 212 231
Mean no. of orders per admission 442 462
Day shift orders, n (%) 155(73) 155 (67) 0149
Night shift orders, n (%) 57(27) 76 (33) '
Mean no. of orders within first 12 hours* 058 112 0.009
Mean no. of orders within first 24 hours* 1.52 2.38 0.004
Night shift escalation orders (%) 27 (47) 3343 0491
Night shift de-escalation orders (%) 30(53) 43(57) ’

NOTE: *Excludes admission order set.

Data Collection/Analysis

We reviewed specific classes of orders and categorized
by type: respiratory medication, oxygen, intravenous
(IV) fluids, diet, monitoring, and activity, time of day
(day vs night-shift), and whether they were an escala-
tion or de-escalation of care. De-escalation of care
was defined as orders that decreased patient care such
as weaning a patient off nebulized albuterol or de-
creasing their IV fluids. Orders between 07:00 to
18:00 were considered day-shift orders and between
18:01 and 06:59 were classified as night-shift orders.
Only orders falling into 1 of the aforementioned cate-
gories were recorded. Admission order sets were not
included. Initially, charts were reviewed by both inves-
tigators together; after comparing results for 10 charts
to ensure consistency of methodology and criteria, the
remaining charts were reviewed by 1 of the study
investigators.

To compare demographics, diagnoses, and ordering
patterns, ¢ tests and x> (SAS version 9.2 [SAS Institute,
Cary, NC], Stata version 13.1 [StataCorp, College
Station, TX]) were used. Multivariate gamma models
(SAS version 9.2 [SAS Institute]) that adjusted for
clustering at the attending level and patient age were
used to compare severity of illness before and after
the intervention. This study was approved by the Uni-
versity of California, San Francisco Committee on
Human Research.

RESULTS

We analyzed data for 48 admissions preintervention
and 50 postintervention. With the exception of insur-
ance type, there was no difference in baseline demo-
graphics, diagnoses, or severity of illness between the
groups (Table 2). Within the order classes above, we
identified 212 orders preintervention and 231 orders
postintervention.

After the intervention, there was a statistically sig-
nificant increase in the average number of orders writ-
ten within the first 12 hours (pre: 0.58 orders vs post:
1.12, P = 0.009) and 24 hours (pre: 1.52 vs post:
2.38, P = 0.004) following admission (Table 3), not
including the admission order set. The fraction of
orders written at night was not significantly different
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(27% at night preintervention, 33% postintervention,
P = 0.149). The fraction of admissions on the day
shift compared to the night shift did not change (P =
0.72). There was no difference in the ratio of de-

escalation to escalation orders written during the
night (Table 2).

DISCUSSION

In this study, we demonstrate increased patient care
management early in the hospitalization, measured in
this study by the mean number of orders written per
patient in the first 12 and 24 hours after admission,
after transition from a call schedule with extended
(>16 hours) shifts to one with shorter shifts compliant
with current ACGME duty-hour restrictions and an
explicit focus on greater continuity of care. We did
not detect a change in the proportion of total orders
written on the night shift compared to the day shift.
Earlier active medical management, such as weaning
nebulized albuterol or supplemental oxygen, can speed
the time to discharge.'*

Our failure to detect a significant change in the pro-
portion or type of orders written at night may have
been due to our small sample size. Anecdotally, after
the intervention, medical students reported to us that
they noticed a difference between our service, in
which we expect night teams to advance care, and
other services at our institution, in which nights are a
time to focus on “putting out fires.” This was not
something that had been reported to us prior. It is
likely reflective of the overall approach to patient care
taken by residents working a night shift as part of a
longitudinal care team.

This study builds on previous findings that demon-
strated lower costs and shorter length of stay after
implementing a schedule based on day and night
teams.” The reasons for such improvements are likely
multifactorial. In our model, which was purposefully
designed to create night-team continuity and minimize
cross-coverage, it is likely that residents also felt a
greater sense of responsibility for and familiarity with
the patients'® and therefore felt more comfortable
advancing care. Not only were interns likely better
rested, the patient-to-provider ratio was also lower
than in the preintervention model. Increases in staffing
are often necessary to eliminate cross-coverage while
maintaining safe, 24-hour care. These findings suggest
that increases in cost from additional staffing may be
at least partially offset by more active patient manage-
ment early in the hospitalization, which has the poten-
tial to lead to shorter hospital stays.

There are several limitations to our research. We
studied a small sample, including a subset of general
pediatrics diagnoses that are amenable to active man-
agement, limiting generalizability. We did not calcu-
late a physician-to-patient ratio because this was not
possible with the retrospective data we collected.
Staffing ratios likely improved, and we consider that
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part of the overall improvements in staffing that may
have contributed to the observed changes in ordering
patterns. Although intern-level cross-coverage was
eliminated, the senior resident continued to cover mul-
tiple teams overnight. This senior covered the same 3
teams for 7 consecutive nights. The addition of a hos-
pitalist team, with subspecialists being placed in con-
sultant roles, may have contributed to the increase in
active management, though our study population did
not include subspecialty patients. There was a differ-
ence in insurance status between the 2 groups. This
was unlikely to affect resident physician practices as
insurance information is not routinely discussed in the
course of patient care. In the context of the ongoing
debate about duty-hour restrictions, it will be impor-
tant for future studies to elucidate whether sleep or
other variables are the primary contributors to this
finding. Our data are derived solely from 1 inpatient
service at a single academic medical center; however,
we do feel there are lessons that may be applied to
other settings.

CONCLUSION

A coverage system with improved nighttime resident
coverage was associated with a greater number of
orders written early in the hospitalization, suggesting
more active management of clinical problems to
advance care.
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