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BACKGROUND: Hospital medical groups use various staff-
ing models that may systematically affect care continuity
during the admission process.

OBJECTIVE: To compare the effect of 2 hospitalist admis-
sion service models (“general” and “admitter-rounder”) on
patient disposition and length of stay.

DESIGN: Retrospective observational cohort study with
difference-in-difference analysis.

SETTING: Large tertiary academic medical center in the
United States.

PARTICIPANTS: Patients (n = 19,270) admitted from the
emergency department to hospital medicine and medicine
teaching services from July 2010 to June 2013.

INTERVENTIONS: Admissions to hospital medicine staffed
by 2 different service models, compared to teaching service
admissions.

MEASUREMENTS: Incidence of transfer to critical care
within the first 24 hours of hospitalization, hospital and
emergency department length of stay, and hospital read-
mission rates <30 days postdischarge.

RESULTS: The change of hospitalist services to an
admitter-rounder model was associated with no significant
change in transfer to critical care or hospital length of stay
compared to the teaching service (difference-in-difference
P = 0.32 and P = 0.87, respectively). The admitter-rounder
model was associated with decreased readmissions com-
pared to the teaching service on difference-in-difference
analysis (odds ratio difference: —0.21, P = 0.01). Adoption
of the hospitalist admitter-rounder model was associated
with an increased emergency department length of stay
compared to the teaching service (difference of +0.49
hours, P < 0.001).

CONCLUSIONS: Rates of transfer to intensive care and
overall hospital length of stay between the hospitalist
admission models did not differ significantly. The hospitalist
admitter-rounder admission service structure was associ-
ated with extended emergency department length of stay
and a decrease in readmissions. Journal of Hospital Medi-
cine 2016;11:669-674. © 2016 Society of Hospital Medicine

Hospital admission represents a time period during
which patients are at risk for poor clinical outcomes.
Although some risk is directly generated by illness
pathophysiology, some additive risk is generated by the
emergency department (ED)—inpatient service handover
inherent in the admission process.' Increased risk of
suboptimal outcomes can result from ED overcrowd-
ing, which has been associated with increased mortal-
ity, difficulty in patient disposition, and delays in
provision of care.” Inpatient bed occupancy, as well as
availability and organization of accepting inpatient
servige4 healthcare staff, can affect ED overcrowding as
well.™
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The overwhelming majority of hospitalist groups
accept a significant portion of their admissions via the
ED.’> Hospitalist services must balance their daily group
workload between ongoing care and discharge of inpa-
tients and the activity of admitting new patients to their
service. Two major models of admission processing exist
for hospitalist groups to accomplish these competing
tasks. One model, called the “general model,” employs
the use of individual hospitalists to simultaneously per-
form admission activity as well as ongoing ward-based
care for inpatients during their workday. In the general
model, a hospitalist who admits patients on their first
hospital day will generally continue to see them on their
second hospital day. The other model, called the
“admitter-rounder model,” divides the hospitalist daily
group workflow between hospitalists who are assigned
to perform only admission activity (“admitters”), and
hospitalists who are assigned to perform only ongoing
care for patients who are already admitted (“rounders”).
In the admitter-rounder model, the admitter on a
patient’s first hospital day will generally not serve as the
patient’s rounder on subsequent hospital days.

Limited evidence exists to guide hospitalist groups
on which model their service design should adopt.
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Conflicting evidence exists as to whether the fragmen-
tation of care generated by an admitter-rounder
admission model is beneficial or harmful.® Increased
availability of attending inpatient physicians during
the ED-inpatient admission process has been associ-
ated with improved hospital mortality and decreased
readmissions in hospital settings outside the United
States, where attending availability may otherwise be
limited.'%'? Separation of admission and rounding
activity within a hospitalist workforce may allow each
group of hospitalists to provide more timely and effec-
tive care related to their respective tasks. Our division
implemented a change from a general model to an
admitter-rounder model of care on January 2, 2012.
We hypothesized that changing from a general admis-
sion model to an admitter-rounder model of care
would be associated with a decreased rate of transfer
to the intensive care unit (ICU) <24 hours after floor
arrival and shortened ED length of stay (LOS), due to
improved availability of hospitalists during the admis-
sion process. Due to the introduction of discontinuity,
we hypothesized that adoption of the admitter-
rounder model would be associated with a prolonga-
tion of hospital LOS and no overall effect on <30 day
postdischarge readmission rate. We sought to examine
the relationship between our division’s service design
change and our hypothesized variables of interest.

METHODS

Setting and Study Design

We retrospectively evaluated electronic medical
records of patients admitted between July 1, 2010 and
June 30, 2013 from the ED to medical floor beds at
Northwestern Memorial Hospital, an academic terti-
ary care teaching hospital located in Chicago, Illinois,
under care of either a hospital medicine independent
service or a medical teaching service. Admissions for
care in observation units, service intake via interhospi-
tal or intrahospital transfers of care, or direct admis-
sions from outpatient clinics that bypassed the ED
were excluded, as was any patient with incomplete
data, leaving 19,270 hospitalizations available for
analysis. Each hospital medicine service was com-
prised of a single hospitalist with only clinical care
responsibilities for the workday and no ICU or outpa-
tient clinic responsibilities, with routine handover of
the service to a hospitalist colleague every 7 days.
Each medical teaching service was comprised of a
supervising attending (often a hospitalist), a resident,
1 to 2 interns, and 1 to 3 medical students; the resi-
dents and interns maintained outpatient clinic respon-
sibilities of 1 to 2 half days per service week.
Inpatients on all teams were localized to hospital beds
assigned to their care team. Regardless of hospitalist
service design, 3 or more hospitalists were available
each day to perform daytime admissions. Throughout
the study period, both the hospital medicine and med-
icine teaching services utilized a group of physicians

separate from the day teams to perform admissions
and cross-coverage at night, and the teaching services
maintained a generalist model of daytime admission
practice. All teams accepted new admissions every
day. All ED admissions involved a phone-based
signout of transfer of care to the person admitting for
the accepting ward team, followed by transfer of the
patient to the floor, independent of whether the
accepting team met the patient in the ED prior to
transfer. None of the accepting inpatient services in
the study had a formal right to refuse acceptance of
patients referred for admission by the ED. The time
period evaluated was constrained to avoid the effect
of other service changes that took place before or
after the study period. The Northwestern University
Institutional Review Board approved the study
(STU00087387).

Data Acquisition and Measures

Data were obtained from the Northwestern Memorial
Hospital Enterprise Data Warehouse, an integrated
repository of all clinical and research data for patients
receiving care in the system. For analysis, the patients
were separated into 4 groups: a prechange general
admission hospitalist group (group 1), a postchange
admitter-rounder hospitalist group (group 2), and 2
teaching service control groups separated according to
the prechange or postchange time period (groups 3
and 4, respectively). The primary outcome variable
for the study was transfer of the patient to the ICU
within 24 hours of inpatient floor arrival, which has
been previously reported as an adverse outcome
related to the admission process due to its association
with increased inpatient mortality.'® Secondary out-
come variables included ED LOS, total hospital LOS,
and readmission to Northwestern Memorial Hospital
within 30 days of hospital discharge. Data on unex-
pected transfer to the operating room, discharge
against medical advice (all within 24 hours of arrival
to the ward), as well as mortality during the hospital
stay were collected but not further analyzed due to
the extremely low incidence of each. Covariables
measured included each admitted patient’s age, sex,
race, Elixhauser composite score (a patient comorbid-
ity score associated with inpatient mortality, described
by van Walraven et al.'*), case mix, insurance payer
status, patient census on the accepting service for day
2 of the admitted patient’s hospitalization, and hospi-
tal occupancy on the day of admission.”'*'® Hospital
occupancy was calculated as the sum of the number
of beds occupied at midnight plus the number of
patients discharged during the previous 24 hours,
divided by the number of hospital beds, as defined by
Forster et al.'®

Statistical Analysis

Prestudy sample size calculation using an « value of
0.05 and B value of 0.2 to detect a 1.5% absolute
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TABLE 1. Study Group Covariate Characteristics

Group 1 Group 2 Group 3 Group 4
Hospitalist Hospitalist Teaching Teaching Group 2 vs Group 4 vs Group 1vs Group 2 vs
General, Admitter-Rounder, Prechange, Postchange, Group 1, Group 3, Group 3, Group 4,
N = 8,465 N = 6,291 N = 2,636 N=1,878 P Value P Value P Value P Value
Age, y, mean (SD) 61.2(18.4) 61.9(19.0 60.1 (19.1) 60.0 (18.6) 0.03 0.88 0.009 <0.001
Female sex, n (%) 4,423 (52.3) 3,298 (52.4) 1,440 (54.6) 1,031 (54.9) 083 0.86 0.03 0.06
White race, n (%) 4,096 (48.4) 2,927 (46.5) 1,261 (47.8) 880 (46.9) 0.03 0.52 0.62 0.80
Payer status <0.001 0.001 0.07 <0.001
Medicaid, n (%) 1,121 (13.2) 811 (12.9) 303 (14.9) 222 (11.8)
Medicare, n (%) 4,475 (52.9) 3,521 (56.0) 1,394 (52.9) 961 (51.2)
Private, n (%) 2,218(26.2) 1,442 22.9) 674 (25.6) 525 (28.0)
Self-pay, n (%) 299(3.5) 2713 (43) 7227 88 (4.7)
Other, n (%) 352 (4.2) 24439 103(3.9) 82 (44)
Elixhauser composite score, mean (SD) 53(6.7) 6.6(7.3) 56(7.0) 6.4(73) <0.001 0.007 0.05 0.30
Inpatient mortality, n (%) 74(0.9) 70(1.1) 31(12) 18(1.0) 0.14 0.51 015 0.62
No. of patients seen by accepting service, mean (SD) 10.2(3.9) 120(3) 6.3(32) 7.0(3.3) <0.001 <0.001 <0.001 <0.001
Hospital % occupancy at admission, mean (SD) 1.23(0.18) 1.20(0.17) 1.23(0.18) 1.20(0.17) <0.001 <0.001 0.61 043
Case mix, n (%) <0.001 <0.001 <0.001 <0.001
Diseases of the circulatory system 2,69 (31.8) 1,173(18.9) 396 (15.0) 292 (15.6)
Other 1,139 (13.5) 1,151 (18.3) 423(16.1) 292 (15.6)
Diseases of the respiratory system 883(104) 612(9.7) 314119 541(28.9)
Diseases of the digestive system 923(109) 889 (14.1) 420 (15.9) 196 (10.4)
Diseases of the genitourinary system 492(5.9) 525(8.4) 230(8.7) 122 (6.5)
Injury and poisoning 517 (6.1) 451(7.2) 182 (6.9) 80 (4.9)
Endocrine, nutritional, and metabolic 473(5.6) 357 (5.7) 194 (7.4) 76 (4.1)
diseases and immunity disorders
Symptoms, signs, and ill-defined conditions 470 (5.6) 267 (4.2) 141 (5.4) 63(34)
and factors influencing health status
Diseases of the musculoskeletal system 371 (4.4) 281 (4.5) 136 (5.1) 58 (3.1)
and connective tissue
Infectious and parasitic diseases 234(2.8) 288 (4.6) 108 (4.1) 98(5.2)
Diseases of the blood and blood-forming organs 268 (3.2) 297 (4.7) 92(3.5) 60 (3.2)

NOTE: Abbreviations: SD, standard deviation.

difference in ICU transfer rate between postchange study
groups, with a patient distribution ratio of 3.3:1 or
higher between the admitter-rounder and teaching post-
change groups, and an assumed higher transfer rate in
the teaching postchange group, revealed a requirement
of at least 1068 hospitalizations in the teaching post-
change group for our evaluation. Descriptive statistics
were calculated for each patient group. Firth’s logistic
regressions were used to model the odds of patient being
transfer to ICU within 24 hours after arrival and the
odds of hospital readmission within 30 days after dis-
charge, adjusting for confounders.'” Quantile regressions
were used to model the change in the median of ED
LOS and the median of hospital LOS due to the right-
skewed distributions of LOS. Based on the clinical rele-
vance to the outcomes, models were adjusted for
patients’ measured covariates. All covariates that were
significant at @ = 0.05 level were considered significant.
All statistical analyses were performed in SAS version
9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Patient Characteristics

The characteristics of the 4 patient populations are
listed in Table 1. Compared to the general admission
hospitalist group, the admitter-rounder hospitalist

group was more likely to be older (admitter-rounder
61.9 = 19.0 vs 61.2 = 18.4, P = 0.03), a Medicare
beneficiary (56.0% vs 52.9%, P < 0.001), have a
higher Elixhauser composite score (6.6 = 7.3 vs 5.3
+ 6.7, P < 0.001), and less likely to be white (46.5%
vs 48.4%, P = 0.03). The teaching service patient
characteristics changed over time only with regard to
Elixhauser composite score (teaching postchange 6.4
+ 7.3 vs 5.6 = 7.0, P < 0.001); except for case mix,
all other covariates did not change significantly
between prechange and postchange teaching services.
There was no significant difference in Elixhauser com-
posite score between hospitalist and teaching services
during the study period. Hospitalist groups were more
likely than teaching service groups to have older
patients, both before (hospitalist 61.2 = 18.4 vs
teaching 60.1 = 19.1, P = 0.009) and after (hospital-
ist 61.9 * 18.0 vs teaching 60.0 += 18.6, P < 0.001)
the hospitalist admission system change. Compared to
teaching groups, hospitalist groups were less likely to
have female patients before the system change (hospi-
talist 52.3% vs 54.6%, P = 0.03), and more likely to
have Medicare beneficiaries after the system change
(hospitalist 56.0% vs 51.1%, P < 0.001). Significant
differences in case mix existed in all comparisons
among all 4 study groups.
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TABLE 2. Study Group Results

Group 2,
Hospitalist Group 3, Group 4.
Group 1, Hospitalist Admitter-Rounder, Teaching Prechange, Teaching Postchange,
General, N = 8,465 N = 6,291 N = 2,636 N=1,878
Transfer to ICU <24 hours after ward arrival, n (%) 235(2.8) 139(22) 75(29 59(3.1)
Hospital readmission <30 days after discharge, n (%) 1,924 (22.7) 1,546 (24.6) 608 (23.1) 504 (26.8)
Emergency department length of stay, h
Mean (SD) 6.9(3.36) 73939 7.05(2.98) 6.89(3.03)
Median [range] 6.22 [0.22-62.47] 6.68 [0.62-149.52] 6.53 [1.98-33.63] 6.3 [2.02-24.17]

Hospital length of stay, h
Mean (SD)
Median [range]

102.46 (120.14)
67.37 [0.52-1,964.07]

88.18 [0.26-5,801.28]

125,94 (153.41) 114,07 (165,62

715 [457-5,131.37]

122,89 (125.55)
86,08 [4.73-1,262.58]

NOTE: Abbreviations: SD, standard deviation.

TABLE 3. Rates of Transfer to Intensive Care Unit and Hospital Readmission, Emergency Department, and Hospital

Length of Stay

Hospitalist
Admitter-Rounder vs
Hospitalist General

Difference-in-Difference
Value Parameter Estimate
[Standard Error], P Value

Teaching
Postchange vs
Teaching Prechange

Transfer to ICU < 24 hours after floor arrival, OR
(95% confidence interval)

Hospital readmission <30 days after discharge, OR
(95% confidence interval)

Emergency department length of stay, median hours +0.40

Hospital length of stay, median hours +12.96

1.292 (1.026-1.629)

1.048 (0.966-1.136)

1.029 (0.721-1.468) OR: +022[ £ 0.22],0.32

1.298 (1.127-1.495) OR:—0.21[= 0.08],001

-009 +049] = 009, <0.001
+13.36 —039[+ 244],087

NOTE: All results adjusted for all measured covariates. Abbreviations: ICU, intensive care unit; OR, odds ratio.

Impact of the Admission System on Outcomes

Measured unadjusted primary and secondary out-
comes for the 4 study groups, as well as inpatient
mortality, are listed in Table 2. Comparative odds
ratios (ORs) for the outcomes of transfer to ICU <24
hours of floor arrival and readmission to hospital <30
days after discharge, median (50% quantile) regres-
sion results for the outcomes of ED and hospital LOS,
each adjusted by all study covariates, as well as asso-
ciated difference-in-difference parameter estimates
with associated standard error (SE) ranges and P
values, are listed in Table 3. Difference-in-difference
analysis of outcomes associated with adoption of the
hospitalist admitter-rounder system compared to the
time-matched teaching service revealed no statistically
significant difference in associated ICU transfer out-
come between hospitalist or teaching services (admit-
ter-rounder OR difference of +0.22, SE +0.22, P =
0.32). A significant decrease in associated odds for
hospital readmission <30 days postdischarge was
noted when adoption of the hospitalist admitter-
rounder system was compared to the time-matched
teaching service (admitter-rounder OR difference of
—0.21, SE +0.08, P = 0.01). Adoption of the hospi-
talist admitter-rounder system, compared to the time-
matched teaching service, was associated with a signif-
icant increase in ED LOS (admitter-rounder difference

of +0.49 hours, SE +0.09, P < 0.001). Difference-in-
difference analysis revealed no significant difference in
associated hospital LOS between the hospitalist and
time-matched teaching services over the study period
(admitter-rounder difference of —0.39 hours, SE
+2.44, P = 0.87).

DISCUSSION

Our observations were revealing for a statistically
nonsignificant trend toward increased ICU transfers
<24 hours after floor arrival after adoption of the
admitter-rounder model by the hospital medicine serv-
ice. Despite prior publication of early transfer to the
ICU being associated with adverse outcomes, includ-
ing increased inpatient mortality, we observed no dif-
ference in mortality in our study groups.'®> We suspect
that earlier transfer to the ICU in our study cohort
may instead represent a protective action taken more
frequently by admitting hospitalists in the admitter-
rounder model in response to provider discontinuity
risks embedded in the admission process. Requests for
transfer to the ICU at our institution require approval
by the ICU team, and requests from attending hospi-
talists may be responded to differently from requests
enacted by teaching team members, which as a factor
also may account for some of the adjusted differences in
transfer incidence. Taken together, increased availability
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of hospitalists during the admission process may result
in earlier implementation of an overall lower threshold
for implementation of ICU transfer. Our conclusion is
limited by our study cohort’s overall inpatient mortality
rate, which is sufficiently low to preclude further assess-
ment of the relationship of adverse outcomes with ICU
transfer rate in our study groups. Therefore, clinical sig-
nificance of our primary outcome findings, as well as
the workload factors that impact ICU transfers initiated
by hospitalist and teaching services, require further
examination.

Despite a hypothesized increase in hospital LOS
caused by additional discontinuity of hospitalist care in
the admitter-rounder model, adoption of the admitter-
rounder model was not associated with an increased
hospital LOS. We suspect this finding may represent
the presence of action(s) proximal to the admission
process, on the part of either admission and/or
“rounding” hospitalists, which decrease hospital LOS
to a degree offsetting the expected LOS increase gener-
ated by provider discontinuity. Examples of such
actions include more efficient testing or consultation,
or improved detection of diagnostic errors.

Adoption of the admitter-rounder model by the hospi-
tal medicine service was also associated with decreased
hospital readmission rates compared to the time-
matched teaching service. We suspect that assignment of
daily discharge and admission service activity to separate
hospitalists in the admitter-rounder model may allow
more opportunity for “rounder” hospitalists to engage
in activity protective against readmissions, such as
greater direct engagement with postdischarge resources,
or improved hospitalist availability for multidisciplinary
inpatient efforts focused on discharge planning.

Adoption of the admitter-rounder model was found
to be associated with a median 29-minute increase in
ED LOS compared to the time-matched teaching serv-
ice. As a floor team member’s physical presence in the
ED was not required for ED-floor transfer during the
study period, increased physical availability of admit-
ting hospitalists in the admitter-rounder model may
allow for increased opportunity for a hospitalist to
disrupt ED-specific workflows related to patient trans-
fer (eg, disruption of transportation service activity by
an earlier bedside visit from the admitting hospitalist).
Hospitalists in the general model were allowed to
leave after performing their daily duties, whereas
admitting hospitalists in the admitter-rounder model
were assigned to stay for a timed shift, regardless of
the completion of admissions; the difference in duty
assignment may be associated with different hospital-
ist behaviors during the admission process. Improved
ease for ED staff to contact hospitalist staff in the
admitter-rounder model may have led ED staff to pri-
oritize other tasks more demanding of their continu-
ous engagement at the expense of initiating
admissions, thereby paradoxically delaying admissions
to hospital medicine.

Hospital Admission Service Structure | Smith et al

Other studies exist that attempt to describe changes
in admission service structure, particularly with regard
to housestaff admission activity in relation to changes
in resident work hours. Many of these studies vary
with regard to implementation of separate physician
teams for day and night coverage, or are focused on a
specific medical condition, thereby limiting their applic-
ability to a hospital medicine service free of work-hour
restrictions and engaged in care of a wide variety of
medical conditions.’®° In contrast, our study is an
attempt to examine, in isolation, outcomes associated
with adoption of an admitter-rounder model of care as
a specific discontinuity risk during the admission pro-
cess, within the context of a stable system of night cov-
erage in place for all medical teams engaged in
admission activity of undifferentiated medical patients.

Limitations of our study include the inability to
ascertain causality of observed outcomes, due to our
observational study design. Our study was of a single
hospital, which may limit applicability of our results
to other hospital environments. However, the admis-
sion models examined in our study are common
among hospital medicine groups. Clinically relevant
outcome metrics, such as mortality and unexpected
transfer to the operating room, were measured but of
too low incidence to allow for further meaningful
analysis. The clinical consequences and workflow
practices that correlate with our study’s findings likely
require case review and time-motion analyses, respec-
tively, to further delineate the relevance of our find-
ings; these analyses were outside of the scope of our
study, and further investigation is required. In sum-
mary, our observations suggest that adoption by hos-
pitalist services of an admitter-rounder model of care
for admissions is associated with a decreased rate of
hospital readmission <30 days after discharge, with
no effect on median hospital LOS, a statistically non-
significant trend toward more ICU transfers in the first
24 hours of a patient’s hospital stay, and a slight
increase in median ED LOS.
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