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Patient Outcomes in a Pediatric Hospital Medicine
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OBJECTIVES: Hospitals are employing more nurse practitioners and physician assistants on
inpatient pediatric units. With this study, we compared patient outcomes in high-volume inpatient
diagnoses on pediatric hospital medicine services staffed by attending physician hospitalists and
residents (hospitalist and resident service [HRS]) with 1 staffed by attending physician hospitalists
and advanced practice providers (HAPPS).
METHODS: A historical cohort study was implemented by using administrative data for patients
admitted to HRS and HAPPS from 2007 to 2011 with asthma, bronchiolitis, cellulitis, and
pneumonia with severity levels 1 and 2 for all-patient reﬁned diagnosis-related groups. Length of
stay, readmission, ICU transfer, and hospital charges were compared.
RESULTS: After controlling for clinical, demographic, and socioeconomic differences, the average
probability of discharge was 10% greater each day (event ratio [ER] 5 1.1 [1.06–1.14]) on HAPPS
compared with HRS. By diagnosis, this trend persisted with asthma (ER 5 1.07 [1.02–1.12]),
cellulitis (ER 5 1.2 [1.1–1.3]), and pneumonia (ER 5 1.17 [1.08–1.28]) but not for bronchiolitis
(ER 5 0.99 [0.92–1.06]). Both 3- and 30-day readmissions were higher for HRS discharges with
bronchiolitis (odds ratio 5 5.9 [1.3–28.6] and 2.0 [1.3–3.3], respectively) but not for the other diagnoses.
Hospital charges were 13% higher for patients on HRS than HAPPS. ICU transfers did not differ
statistically.
CONCLUSIONS: Within the limitations of the design, HAPPS performed at least as well as HRS
with respect to length of stay, readmissions, ICU transfers, and charges for 4 of the most common
inpatient diagnoses with severity levels 1 to 2. Indicated in these results is that in this conﬁguration,
advanced practice providers on pediatric hospitalist services represent a viable model for other
institutions to consider and test.
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ABSTRACT

Historically, hospital-based APP service
models have been implemented in medical
and surgical subspecialty units and
ambulatory clinics for which their scope of
practice is limited to a narrow patient
population.1,6,9,25 Care delivery models in
which APPs have been incorporated on a
resident service or where the APP service
works independently of residents have been
122

studied on surgical trauma services.7,26,27
By incorporating APPs, Christmas et al27
demonstrated improved patient throughput
and reduced length of stay (LOS) while
decreasing resident service hours without
affecting mortality or increasing the cost
per patient. Studies in which authors
evaluate APP teams in higher-acuity medical
environments such as the NICU and medical
ICU have revealed similar ﬁndings.12,28–30
Furthermore, when APPs have been
incorporated into an inpatient adult general
medicine service, studies have revealed
decreased LOS and costs with no negative
effect on mortality, ICU transfers,
readmissions, or patient satisfaction.31–33
Authors of 1 additional study suggest
similar results at a lesser cost for an NP
team caring for pediatric inpatients at a
single health system.34 To our knowledge,
this is the ﬁrst study of a pediatric general
inpatient service that has been used to
examine a team consisting of both PAs and
NPs. Moreover, no other study of a pediatric
general inpatient service has been used
to analyze readmissions and ICU transfer
rates.
Our objective of this study was to examine
the differences in patient-related outcomes
between a traditional pediatric hospital
medicine service staffed by attending
physician hospitalists and residents
(hospitalist and resident service [HRS]) and
a pediatric hospital medicine service staffed
by attending physician hospitalists, NPs,
and PAs (hospitalist and advanced practice
provider service [HAPPS]). Speciﬁc
outcomes measured included LOS, 3- and
30-day readmissions, ICU transfers, and
hospital charges. We hypothesized that
pediatric patients with high-volume
inpatient diagnoses such as asthma,
bronchiolitis, cellulitis, and pneumonia
admitted to HRS would have similar LOS,
readmissions, ICU transfers, and hospital
charges as pediatric patients admitted to
HAPPS.

METHODS
Study Population and Data Collection
We used administrative data on all
inpatients at a 283-bed urban, tertiary-care
pediatric teaching hospital in the US MidAtlantic region from 2007 to 2011 in this

historical cohort study. The institutional
review board and the Ofﬁce for the
Protection of Human Subjects at the study
hospital reviewed and approved the
protocol.
The study included patients with severity
level 1 (minor) or 2 (moderate) admitted
to the pediatric hospital medicine service
with any of the following 4 most common
admission diagnoses as speciﬁed by
all-patient reﬁned diagnosis-related groups
(APR-DRGs): asthma, bronchiolitis, cellulitis,
and pneumonia between November 1, 2007
and October 31, 2011. APR-DRG severity of
illness scores differentiate patients into
4 severity levels: minor (1), moderate (2),
major (3), and extreme (4) primarily on the
basis of the type and number of secondary
diagnoses. Limiting enrollment to APR-DRG
severity levels 1 and 2 was felt to better
reﬂect the majority of admissions cared for
on a general inpatient pediatric service and
to be less prone to the effects of rare or
complex comorbidities.35
LOS, readmissions, ICU transfers, and
hospital charges were compared between
HRS and HAPPS while controlling for
APR-DRG severity level, age, sex, insurance
status, and secondary clinical indicators of
severity, including the percent of patients
treated with continuous albuterol (asthma),
oxygen (bronchiolitis and pneumonia), and
incision and drainage (cellulitis). Aggregate
hospital charges were taken from hospital
billing data capturing hospital room and
board as well as charges from the
pharmacy, respiratory therapy, laboratory,
and radiology departments.

Hospital Medicine Service Design:
HRS Compared With HAPPS
There were 3 HRS teams and 1 HAPPS team
covering the pediatric hospitalist medicine
patients during the study period. The teams
were constructed as shown in Table 1.
Patients from all referral sources and acuity
levels were admitted to either service with
the primary goal of maintaining a similar
census; however, HAPPS generally admitted
otherwise healthy patients with well-deﬁned
illnesses. Patients with greater complexity
were preferentially admitted to HRS but
were excluded in the study design on the
DEWOLFE et al
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Over the last 2 decades, the role of
advanced practice providers (APPs),
speciﬁcally nurse practitioners (NPs) and
physician assistants (PAs), has expanded
from primary care to inpatient settings.1–9
The impetus for increasing the presence of
APPs in hospitals is multifactorial and
attributed to the need to build strong health
systems that promote optimal patient
outcomes in the face of workforce
shortages and rising health care costs.10
One major driver has been graduate
medical education reform, which reduced
the number of residents in subspecialty
training programs, limited resident
exposure to ICUs, and restricted total
resident duty hours.10–15 Simultaneously, the
Affordable Care Act has increased access to
health care services in the United States
such that many who were previously
uninsured are now able to secure health
care services.16 In contrast, the American
Association of Medical Colleges predicts a
workforce shortage of ∼124 000 physicians
by 2025.17 The combination of these changes
has created service gaps requiring
additional providers to maintain highquality and safe patient care. In addition to
graduate medical education and health care
reform, the United States spends 2.5 times
more on health care than the average of
high-income countries, putting additional
strain on the health care system.18 In
response to the dynamic health care and
education landscape in the United States,
multiple governmental institutions,
professional organizations, and foundations
such as the Institute of Medicine,
American Academy of Pediatrics, and Pew
Health Professions Commission have
recommended the inclusion of APPs as an
integral part of new care delivery models
that are focused on improving patient
outcomes by providing safe, efﬁcient, and
cost-effective care.19–24

TABLE 1 Team Structure of the HRS and HAPPS

basis of APR-DRG severity levels. HRS
patients were managed on a similar
inpatient medical unit with similar ancillary
staff and support services as HAPPS but on
a separate ﬂoor.

HRS

Statistical Methods

Team members
during day

1 attending physician hospitalist
1 third-year pediatric resident
2 ﬁrst-year pediatric residents

1 attending physician hospitalist
1 NP or PA

Team members
during night

1 attending, cross-covering, physician
HAPPS hospitalist responsible for
stafﬁng admissions after midnight
1 second- or third-year pediatric resident
1 ﬁrst-year pediatric resident
1 attending physician hospitalist available
by phone for existing service patients

1 attending physician hospitalist, also
responsible for cross covering HRS
service admissions after midnight

Medical students

2–4 third-year medical students
0–1 fourth-year medical student

0–1 fourth-year medical student

Additional support:

1 attending physician hospitalist
responsible for stafﬁng daytime and
evening admissions

severity on the basis of APR-DRGs and
clinical criteria (Table 2). Patients in HRS
were older and less likely to be on public
insurance than those in HAPPS across all
diagnoses. Except for cellulitis, which did

not differ, fewer patients admitted on HRS
than HAPPS were categorized as severity
level 1 than 2. In addition, a higher
proportion of patients on HRS required
continuous albuterol for asthma and oxygen

Statistical signiﬁcance was evaluated
relative to a 2-tailed, type 1 error of P 5 .05.
Because the large sample sizes in each
diagnostic group provided the ability to
detect relatively modest differences, we
emphasized the magnitude of differences
more than statistical signiﬁcance.

RESULTS
Patient Demographics
Between November 2007 and October 2011,
9405 patients were admitted with asthma,
bronchiolitis, cellulitis, or pneumonia. After
excluding APR-DRG severity levels 3 or 4 and
patients not admitted to HRS or HAPPS,
a total of 6710 were included (Fig 1).
Statistically signiﬁcant differences (P , .05)
were seen between patients in the HRS and
HAPPS in mean age, insurance type, and

FIGURE 1 Study population determination of the HRS and HAPPS.
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Sociodemographic characteristics were
summarized as the mean and SD for
continuous variables and as percentages
for categorical variables. After ﬁrst
conﬁrming adherence to the proportionality
assumption, Cox proportional hazards
models were used for comparison of
time-to-event outcomes, including time to
discharge and time to readmission between
patients on HRS and HAPPS. Hazard ratios,
referred herein as event ratios (ERs), reﬂect
the relative difference in probability of an
event between HRS and HAPPS groups. The
relative difference in the odds (odds ratio
[OR]) of ICU transfer between groups were
estimated by using multiple logistic
regression analyses. Comparison of the
mean cost between groups was based on
linear regression to implement analysis of
covariance models. Each of these models
controlled for patient age, insurance type,
sex, APR-DRG severity of illness levels, and
additional secondary indicators of clinical
severity. Including each of these potential
confounders in the above analyses allows
us to estimate the difference between
groups, removing any effects of the
confounder on each outcome of interest.

HAPPS

TABLE 2 Patient Demographics and Clinical Characteristics of the HRS Versus HAPPS, November 2007–October 2011
Patient Demographics and Clinical Characteristics of HRS Versus HAPPS
Asthma, n 5 2427

Discharge, n

Cellulitis, n 5 1274

Bronchiolitis, n 5 1653

Pneumonia, n 5 1356

HAPPS

HRS

P

HAPPS

HRS

P

HAPPS

HRS

P

HAPPS

HRS

P

1195

1232

—

755

519

—

902

751

—

569

787

—
,.05

Demographics
Mean age, y

5.5

6.2

,.05

4.6

6

,.05

0.2

0.3

,.05

2.5

3.3

Girls, n (%)

442 (37)

468 (38)

NS

385 (51)

254 (49)

NS

397 (44)

338 (45)

NS

273 (48)

370 (47)

NS

Medicaid, n (%)

848 (71)

788 (64)

,.05

559 (74)

348 (67)

,.05

731 (81)

571 (76)

,.05

393 (69)

488 (62)

,.05

Minor

813 (68)

727 (59)

,.05

468 (62)

306 (59)

NS

424 (47)

285 (38)

,.05

211 (37)

244 (31)

,.05

Moderate

382 (32)

505 (41)

—

287 (38)

213 (41)

—

478 (53)

466 (62)

—

358 (63)

543 (69)

—

APR-DRG severity level, n (%)

609 (51)

715 (58)

,.05

—

—

—

—

—

—

—

—

—

Oxygen use

—

—

—

—

—

—

406 (45)

406 (54)

,.05

245 (43)

433 (55)

,.05

Incision and drainage

—

—

—

174 (23)

88 (17)

,.05

—

—

—

—

—

—

Continuous albuterol

NS, not statistically signiﬁcant; —, not applicable.

therapy for both bronchiolitis and
pneumonia. However, more patients with
cellulitis on HAPPS required incision and
drainage procedures than HRS. Patient
sex was similar between the 2 groups.
HRS had an average daily census of
11.8 patients, whereas HAPPS had an
average daily census of 9 patients. By
contrast, HRS had a daytime patient-toprovider ratio of 3, and HAPPS had a
patient-to-provider ratio of 4.5.

Efﬁciency and Quality Outcomes
Differences in LOS, 3- and 30-day
readmissions, ICU transfers, and hospital
charges were calculated on the basis of the
total study population and by diagnosis
after controlling for age, insurance status,
and differences in clinical and APR-DRG
severity level. There were no deaths on
either service during the study period.

LOS
Patients on HRS experienced longer LOS
than those on HAPPS (Fig 2). The average
probability of discharge was 10%
higher each day (ER 5 1.1 [1.06–1.14])
on HAPPS than on HRS. By diagnosis,
this trend persisted for asthma
(ER 5 1.07 [1.02–1.12]), cellulitis
(ER 5 1.2 [1.1–1.3]), and pneumonia (ER 5
1.17 [1.08–1.28]). There was no statistical
difference in LOS between the 2 services for
bronchiolitis (ER 5 0.99 [0.92–1.06]).
124

Readmissions
The adjusted odds of readmission within 3
days among HRS discharges approached a
threefold greater adjusted odds (OR
2.7 [1.1–6.7]) compared with HAPPS
discharges (Table 3). The greatest difference
occurred for HRS discharges with
bronchiolitis, who experienced a sixfold
higher odds of 3-day readmission (OR
5.9 [1.3–28.6]). However, the odds of 3-day
readmission for asthma, pneumonia, and
cellulitis did not differ by service. There was
a similar trend with 30-day readmissions.
Overall, HRS discharges experienced twice
the odds of 30-day readmission (OR 5
2.0 [1.3–3.3]). By diagnosis, HRS discharges
with bronchiolitis experienced more than
twice the odds (OR 5 2.6 [1.1–6.7]) of 30-day
readmission. There was no difference in the
readmissions for asthma, cellulitis, and
pneumonia between the 2 services.

bronchiolitis, hospital charges were 13%,
16%, 15%, and 10% greater, respectively.

DISCUSSION

ICU Transfers
There was no appreciable difference in the
odds of ICU transfer between the 2 services
(OR 5 1.6 (0.9–2.6]).

In this study, we found differences in LOS,
hospital charges, and readmission rates
when comparing HAPPS to HRS that
persisted after controlling for differences in
age, insurance type, sex, APR-DRG severity
level, and additional condition-speciﬁc
indicators of clinical severity. Speciﬁcally,
patients were 10% more likely to be
discharged each day on HAPPS than HRS,
and HAPPS accrued 13% fewer hospital
charges than HRS with no difference in ICU
transfer. Also, patients diagnosed with
bronchiolitis on HAPPS were one-sixth as
likely to be readmitted within 3 days and
half as likely within 30 days. Although these
results are not backed by a randomized
clinical trial, they can be used to lend
cautious support to the potential advantage
of nontraditional, complementary stafﬁng
models that capitalize on various provider
types and rounding approaches within a
deﬁned patient case mix and complexity
index.

Hospital Charges
As seen in Fig 3, hospital charges for all
patients on HRS were ∼13% higher than on
HAPPS. When analyzed by diagnosis, this
trend remained statistically signiﬁcant for
all diagnoses. Speciﬁcally, for patients on
HRS with asthma, pneumonia, cellulitis, and

Controlling for the aforementioned
differences between groups, LOS was
shorter on HAPPS for all 4 study diagnoses.
We suspect that this may have been partly
related to greater time available to devote
to early day discharges on HAPPS because
of a shorter rounding time and less formal
DEWOLFE et al
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Clinical criteria of severity, n (%)

teaching. Myers et al9 found that more time
can be dedicated to patient care and
throughput in nonteaching services than in
teaching services. Indeed, authors of timemotion studies of traditional teaching
services have documented that up to 15% of
resident or faculty time is dedicated to
rounding and 28% to teaching.36 On HAPPS,
the APP rounds separately from the fourthyear student to free the other to complete
patient care tasks. By contrast, on HRS,
all members of the team round together.
Also, the time required for conferences,

supervision, feedback, and other
educational activities for members of the
HRS team reduces the resident and
hospitalist’s time directly managing patient
care and facilitating early discharges.
Not controlled was the greater proportion
of patients with severity level 3 and
4 managed by HRS teams and patient
census. Both may also at least partly
account for differences between HRS and
HAPPS in average patient LOS for patients
with severity level 1 and 2. The HRS model,
with its team continuity and overnight

HOSPITAL PEDIATRICS Volume 9, Issue 2, February 2019

coverage, allowed for care of patients with
higher complexity alongside patients
included within the study. The numbers and
uncontrolled characteristics of patients
admitted alongside our study group with
diagnoses not included in our study may
have demanded more attention from HRS
resulting in later discharges for our study
population. Similarly, the higher patient
census and patient-to-hospitalist ratio on
HRS may have prevented the team from
discharging patients as early as on HAPPS.
By contrast, the lower overall patient-to125

Downloaded from http://publications.aap.org/hospitalpediatrics/article-pdf/9/2/121/816332/hpeds_2018-0028.pdf by guest on 09 December 2021

FIGURE 2 Adjusted estimates of time to discharge by diagnosis on HRS versus HAPPS. Cox proportional hazard models adjusted for differences in
age, insurance type, sex, APR-DRG severity level, and additional condition-speciﬁc indicators of clinical severity. A, asthma. B, cellulitis. C,
bronchiolitis. D, pneumonia.

TABLE 3 Adjusted Odds of Readmission
Within 3 and 30 Days for All
Diagnoses on HRS Versus HAPPS
HRS Versus HAPPS
Adjusted OR (95% CI)
3-d readmission odds
All diagnoses

2.7 (1.1–6.7)
0.9 (1.1–6.7)

Bronchiolitis

5.9 (1.3–2.8. 6)

Cellulitis

1.1 (0.2–8.3)

Pneumonia

3.2 (0.4–27.8)

30-d readmission odds
All diagnoses

2.0 (1.3–3.3)

Asthma

1.3 (0.6–2.6)

Bronchiolitis

2.6 (1.1–6.7)

Logistic regression was adjusted for differences
in age, insurance type, sex, APR-DRG severity level,
and additional condition-speciﬁc indicators of
clinical severity. CI, conﬁdence interval.

provider ratio on HRS would have resulted
in more licensed providers available to
focus on throughput than on HAPPS.
Consistent with the fact that hospital
charges are primarily driven by LOS among
our studied diagnoses, the patients on
HAPPS were charged $1655 less, on average,
than on HRS.9,37–39 This ﬁnding held true for

Our study differed from previous studies in
several aspects. To our knowledge, it is the
ﬁrst study used to evaluate a combined
service of PAs and NPs. Each provider type
has a different educational background and
may have different scopes of practice on the
basis of their jurisdiction (eg, legal

FIGURE 3 Adjusted mean and 95% conﬁdence intervals for hospital charges among studied
diagnoses on HRS versus HAPPS. A linear regression model adjusted for differences in
age, insurance type, sex, APR-DRG severity level, and additional condition-speciﬁc
indicators of clinical severity.
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restrictions on independent billing and
prescription writing). With our ﬁndings, we
expand the potential stafﬁng options for
administrators seeking to meet the unique
needs of their hospital setting and system.
Second, it is also the ﬁrst study used to
examine ICU transfers and readmissions on
a general inpatient pediatric service with
APPs. Evidence indicates that HAPPS was able
to achieve a shorter LOS and fewer hospital
charges without affecting the quality and
safety of care based on similar odds of
readmission and ICU transfer between HRS
and HAPPS. Finally, unlike most of the existing
literature, which is focused on the effect of
replacing a traditional HRS with HAPPS, we
studied HAPPS working separately but in
parallel with a traditional HRS. As a result,
we could compare similar patients and
providers, unaffected by practice changes or
billing patterns over time.7,41
There are notable limitations to our study.
First, we used historical data from an
institutional administrative database rather
than a prospective, randomized design.
Although we tried to control for differences
in patient population by both the APR-DRG
severity of illness measure and additional
clinical markers of severity, the former
measure lacks sensitivity, and the latter
measure is untested. Second, we did not
control for census on each team, because
the difference in volume is partially offset
by patient-to-provider ratios. Third, we were
not able control for the potential impact of
other patients with higher complexity that
were not included in the study but still
managed by each team. Moreover, there
may have been other unaccounted
confounders. Fourth, the importance of
experience and on-the-job training for APPs
may limit transferability to sites with lesser
experienced APPs. At the end of the study
enrollment period, the 2 NPs and 1 PA
on HAPPS had 11 years combined of
postgraduate experience in the inpatient
pediatric setting and served on HAPPS as
their single clinical site. Fifth, our study
focused on a mixed-provider service of APPs
and hospitalists caring for patients with a
deﬁned set of conditions. Authors of other
studies have had more mixed results when
examining APPs who treat more complex
patients or work independently.6,9,12,27,31,34,41–46
DEWOLFE et al
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Asthma

asthma, cellulitis, and pneumonia. However,
in bronchiolitis, hospital charges were
lower on HAPPS despite having a
comparable LOS on HRS. HRS and HAPPS
had similar odds of readmission among the
same 3 diagnoses, but HRS had a sixfold
higher readmission risk for bronchiolitis.
These ﬁndings align with a study by
Christakis et al35 in which the authors found
considerable variation in readmission rates,
treatment approaches, and the use of
diagnostic tests for inpatient bronchiolitis.
Authors of other studies suggest that teams
of hospitalists and/or APPs and hospitalists
can lessen the variation in bronchiolitis
care by relying more heavily on clinical
practice guidelines.34,40 Although our study
was not designed to compare the use of
diagnostic tests or therapeutics, it is
possible that these factors contributed to
the difference among the 2 teams in terms
of hospital charges and readmissions.

Committee. Nurse practitioners and
physician assistants employed by
general and subspecialty pediatricians.
Pediatrics. 2011;128(4):665–672

Finally, although ancillary and support
services were similar for HRS and HAPPS,
the teams cared for patients on different
medical units. As such, there may have been
variations in nursing practices that could
have inﬂuenced the results.
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CONCLUSIONS
At our institution, with the caveats noted
above, a service staffed by hospitalists, NPs,
and PAs was shown to have performed at
least as well in regard to LOS, readmissions,
ICU transfers, and charges for 4 of the most
common inpatient diagnoses when compared
with a model staffed by hospitalists and
residents. Although conﬁrmation and further
study is needed, this new ﬁnding can be used
to indicate that the HAPPS represents a viable
service model when allied with the HRS for
general inpatient pediatrics in the era of
graduate medical education reform and
federal initiatives related to patient safety and
access to care.
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