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BACKGROUND: Geographic cohorting is a hospital ad-
mission structure in which every patient on a given phy-
sician team is admitted to a dedicated hospital unit. Little
is known about the long-term impact of this admission
structure on patient outcomes and resident satisfaction.
OBJECTIVE: To evaluate the effect of geographic
cohorting on patient outcomes and resident satisfaction
among inpatient internalmedicine teaching serviceswith-
in an academic hospital.
DESIGN AND INTERVENTION: We conducted an
interrupted time series analysis examining patient out-
comes before and after the transition to geographic
cohorting of our 3 inpatient teaching services within a
520-bed academic hospital in November 2017. The study
observation period spanned from January 2017 to Octo-
ber 2018, allowing for a 2-month run-in period (Novem-
ber–December 2017).
PARTICIPANTS: We included patients discharged from
the inpatient teaching teams during the study period.
We excluded patients admitted to the ICU and observation
admissions.
MAIN MEASURES: Primary outcome was 6-month mor-
tality adjusted for patient age, sex, race, insurance status,
and Charlson Comorbidity Index (CCI) analyzed using a
linear mixed effects model. Secondary outcomes included
hospital length of stay (LOS), 7-day and 30-day readmis-
sion rate, Hospital Consumer Assessment of Healthcare
Providers and Systems (HCAHPS) scores, and resident
evaluations of the rotation.
KEY RESULTS: During the observation period, 1720 pa-
tients (mean age 64, 53% female, 56% white, 62% Medi-
care-insured,meanCCI 1.57) were eligible for inclusion in
the final adjusted model. We did not detect a significant
change in 6-month mortality, LOS, and 7-day or 30-day
readmission rates. HCAHPS scores remained unchanged
(77 to 80% top box, P = 0.19), while resident evaluations of

the rotation significantly improved (meanoverall score 3.7
to 4.0, P = 0.03).
CONCLUSIONS: Geographic cohorting was associated
with increased resident satisfaction while achieving com-
parable patient outcomes to those of traditional hospital
admitting models.
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INTRODUCTION

Hospital admissions are an increasingly complex and high-
risk time in the care of patients.[1–3] Residents on inpatient
services are charged with rising to these demands of inpatient
care despite frequent transitions between hospital sites and
changes in schedules and workflow.[4] Organizational strate-
gies that help to simplify the delivery of high-value, patient-
centered, and interdisciplinary care within the hospital are
critical.[5]
Geographic cohorting is one organizational strategy of

growing interest. Geographic cohorting is a model of
structuring admissions such that patients on a given
physician service are admitted to a dedicated hospital
unit.[6] Geographic cohorting may help expedite the
delivery of care by clustering the patients that each
physician team cares for within the hospital, thereby
facilitating bedside care for each patient and minimizing
travel time between patients. In addition, by assigning
physicians to a consistent unit and interprofessional
team of nurses, case managers, social workers, and
therapists, geographic cohorting has been associated
with improvements in provider satisfaction, perceived
eff iciency, interprofessional col laborat ion, and
physician-patient communication.[6–8]
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Importantly, less is known about the effect of geographic
cohorting upon patient outcomes, patient satisfaction, or resi-
dent physician training. Studies comparing geographic
cohorting to traditional models have shown similar lengths
of stay and 30-day return rates.[7, 8] Findings on patient
satisfaction in these studies differ: one showed improve-
ment[8] and another showed no impact.7 Additionally, while
one study found lower in-hospital mortality for patients ad-
mitted to geographically cohorted units when compared to
patients cared for by the same physician teams but admitted
to different hospital units, none reports on post-hospital mor-
tality before and after transitioning to geographic cohorting.[9]
Similarly, little is known about the impact of geographic

cohorting upon resident satisfaction.[6] One study surveyed
both attending and resident physicians and found that geo-
graphic cohorting collectively led to a perceived increase in
the quality of care, amount of time communicating with pa-
tients and nurses, and sense of teamwork among the interpro-
fessional team.[7] Geographic cohorting may be particularly
beneficial to resident physicians, compared to attending
hospitalists, as residents rotate between different clinical sites
with variable clinical duties and workflows, and as residents
are not expected to be as efficient or clinically experienced as
attending hospitalists.
To build upon this literature, we assessed the impact of the

transition from a traditional, non-geographic model of admis-
sions to geographic cohorting on patient outcomes, patient
satisfaction, and resident evaluations of the rotation upon our
inpatient medicine teaching services.

METHODS

Context and Intervention

In November 2017, the internal medicine teaching services
transitioned to geographic cohorting within our 520-bed aca-
demic tertiary hospital. The hospital is home to three inpatient
medicine teaching services, each comprising an attending
physician, a second- or third-year senior resident, two first-
year residents, and one to three medical students. Residents
and students rotate approximately every 4weeks and attending
physicians rotate every 2 weeks. Prior to the intervention, the
teaching services cared for up to 20 patients at a time distrib-
uted across the hospital, ranging from 3 to 7 different units,
and admitted daily based on an every-other-daylong- and
short-call structure. While pre-intervention teams would cap
at 20 patients, the consistent norm for average team census
was 12–13 patients.
With the transition to geographic cohorting, each team was

assigned 13 to 16 beds on a dedicated unit with a continuous
admitting structure (i.e., daily admitting and discharging from
assigned geographically cohorted unit as appropriate). This
was designed and coordinated with the support of key stake-
holders from physician (hospital and residency), nursing, case
management, and bed management leadership. Our study was

approved by the University of Pittsburgh Medical Center’s
Quality Review Committee.

Study Design and Population

We conducted a retrospective interrupted time series (ITS)
analysis[10] to compare outcomes of patients discharged from
January to October 2017 (before the intervention) to the out-
comes of patients discharged from January to October 2018
(following the intervention), allowing for a 2-month run-in
period.
All patients discharged from the inpatient teaching services

at UPMC Shadyside Hospital from January 2017 to October
2018 were eligible for inclusion. We excluded patients admit-
ted first to the intensive care unit (ICU), rather than directly to
our teaching services, in order to minimize confounding of
patient outcomes including satisfaction and mortality related
to their ICU care. Observation admissions were also excluded
due to their lower medical complexity and exclusion from
HCAHPS survey data. We also excluded patients with sickle
cell disease because of an administrative decision to triage this
population to a different hospital in May 2018.

Outcome Measures

Our primary outcome was 6-month mortality adjusted for age,
gender, race, ethnicity, insurance type (private, Medicare/
Medicaid, uninsured), and Charlson Comorbidity Index
(CCI).[11] Our secondary outcomes included hospital length
of stay, 7-day and 30-day readmission rates, patient satisfac-
tion, and change in resident evaluation scores of the rotation.
Patient level data was collected from an institutional database,
which collates both local electronic health records and national
social security registry data. Readmission rates were measured
using inpatient readmissions to any of the 40 affiliated region-
al hospitals within the next 7 or 30 days. Patient satisfaction
was measured by percent of top box scores rating physicians
as “excellent” among questionnaire items pertaining to physi-
cian communication on the Hospital Consumer Assessment of
Healthcare Providers and Systems (HCAHPS) survey, a 32-
item tool required by the United States Centers for Medicare
and Medicaid Services, administered after discharge to a ran-
dom number of inpatients.[12] Resident rotation evaluations
were collected via a 10-item electronic survey, including one
overall item that asks the resident to rate the “overall impres-
sion of the quality of the rotation” on a 5-point Likert scale,
ranging from poor to excellent (Supplementary Appendix A).
The year prior to the intervention, 2017, was compared to the
second year after the intervention, 2019, to compare resident
views on the rotation itself and not the implementation of the
transition.

Statistical Analysis

We conducted ITS analyses to assess the impact of this inter-
vention on patient outcomes using monthly time intervals and
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the individual patient as the unit of analysis. ITS analysis is a
quasi-experimental design that uses regression modeling to
estimate the effects of a given intervention when randomiza-
tion is not possible or practical.[10]. When one patient con-
tributed multiple observations (i.e., admitted multiple times),
we used the characteristics from the patient’s first encounter in
the EHR during the study period. We stratified patients by
whether their first encounter happened before or after the
intervention and conducted t tests and chi-square tests to
determine if significant differences existed between patients
who were first admitted pre- versus post-intervention.
We then constructed a mixed effects logistic regression

model fit via maximum likelihood estimation to assess the
impact of this intervention on our primary patient outcome, 6-
month mortality rate. We included fixed effects for continuous
time, a binary pre-post intervention indicator, and the interac-
tion between time and intervention. Additionally, we adjusted
for fixed effects including patient race, sex, health insurance
type, health plan, and CCI.[11] To account for repeated mea-
sures from the same patient over time, a random patient effect
as well as a random time effect with an autoregressive covari-
ance pattern was included. Similar ITSmodels were employed
to evaluate the secondary outcomes of 7-day and 30-day
returns. For the length of stay, a mixed effects linear regression
model with the same fixed and random effects was used, given
the continuous nature of the outcome.
To evaluate changes in patient satisfaction, we modeled the

proportion of top box scores rating physicians as “excellent”
using a mixed effects logistic regression model including year
(2017 vs. 2019) as a binary fixed effect and physician as a
random effect to account for the clustering of multiple patient
satisfaction ratings within the same physician. The percentage
of “excellent” ratings pre- and post-intervention, as well as
their difference, was then obtained. Overall scores on resident
evaluations were modeled using a linear mixed model that
included a binary fixed effect for year (2017 vs. 2019) and a
random effect for resident to account for clustering of multiple
evaluations per resident. Mean overall scores pre- and post-
intervention, as well as the estimated difference in pre-post
mean scores, were obtained via least squares estimation.
Lastly, we ascertained the reason for missing CCI data and

assessed its impact in our longitudinal modeling. Outpatient
records and diagnoses were used to calculate each patient’s
CCI, and therefore, a patient without a prior outpatient en-
counter within our healthcare system may not have a CCI for
their first encounter. As CCI was a fixed effect in all ITS
models, encounters without a CCI could not be included in
model estimation. To assess the impact of this, we compared
baseline characteristics between patients with complete CCI
data versus those without, using t tests for continuous vari-
ables and chi-square tests for categorical variables. Character-
istics for which significant differences were identified were
adjusted for in the ITS models. Under the assumption that our
data are missing at random (MAR), likelihood-based

estimation such as that employed for our ITS models provides
valid inferences in the face of missing data.
All point estimates are reported along with corresponding

95% confidence intervals and p values. A significance level of
α=0.05 was assumed, and no adjustments were made for
multiplicity. All statistical analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

A total of 1720 patients were discharged from the inpatient
teaching services during the observation period. Patient census
on each team and number of patients seen remained un-
changed, with 904 discharges prior to the intervention and
911 discharges after the intervention (of which 95 patients
were in both groups). Patient demographic and baseline clin-
ical characteristics, including mean age, sex, race, health in-
surance type, and CCI, are summarized in Table 1. Of those,
28 patients had a missing CCI and were unable to be included
in the final model. We did not find any significant differences
between the observed characteristics of the excluded patients
with missing CCI and those with a CCI (eTable 1 in the
Supplement).
There was no difference in 6-month mortality among pa-

tients discharged prior to the intervention and those discharged
afterwards (3.1% immediately prior to intervention vs. 3.9%
after; OR 1.13; 95% CI 0.99, 1.30; P = 0.083). Furthermore,
we found no difference in length of stay (2.84 days immedi-
ately prior to intervention vs. 3.22 days after; slope change
0.046; 95% CI −0.07, 0.16; P = 0.43), 7-day return rate (4.1%
immediately prior to intervention vs. 3.67% after; OR 1.02;
95% CI 0.88, 1.18; P = 0.79), or 30-day return rate (18.6%
immediately prior to intervention vs. 12.99% after; OR 0.95;
95% CI 0.87, 1.04; P = 0.28) to a UPMC facility.
Patient response rates on our HCAHPS scores ranged from

36 to 38% (339/904 discharged patients in 2017 and 333/911
discharged patients in 2018), which is higher than reported
national survey response rates of 27% in 2017.[13] HCAHPS
scores improved but not significantly (Table 2). Resident
satisfaction with the overall rotation significantly increased
(+0.2870; 95% CI 0.0376, 0.5364; P = 0.03) (Table 2).

DISCUSSION

Overall, in this ITS analysis, we found no significant change in
6-month mortality, length of stay, 7- or 30-day return rate, or
HCAHPS scores after transitioning to geographic cohorting
among inpatient teaching teams at a large academic medical
center. Resident satisfaction with the rotation significantly
improved.
Our study is one of the largest retrospective analyses of

geographic cohorting to date and the first to evaluate the effect
of this transition upon post-discharge mortality. It is also the
first to use a pre- and post-study design to assess mortality.
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Prior studies in this literature differ from ours in several key
ways. For example, in the only other analysis of the effect of
geographic cohorting on mortality, Bai et al. evaluated in-
hospitalmortality, rather than post-discharge mortality, across
3243 consecutive admissions and found that the 1125 patients
admitted to “off-service” wards had significantly higher in-
hospital mortality compared with 2118 propensity score–
matched patients admitted to geographically cohorted units
(hazard ratio 3.20 upon admission, 95% CI 1.92 to 5.33; P <
0.0001) within a large Canadian tertiary care hospital.9 Similar
to our findings, length of stay did not differ between the two
groups. Mortality after 6 months, return rates, and HCAHPS
scores were not evaluated.
There are a number of reasons why our findings may not

have shown the positive impact on mortality shown by Bai
et al., including differences in study design and primary
outcomes.
Bai et al. compared patients that were admitted to geogra-

phically cohorted units to patients admitted to other hospital
units contemporaneously, rather than using a pre/post study
design. These analyses are fundamentally different. Improved
in-hospital mortality among patients in a geographic unit
compared to those contemporaneously on another unit may
be more influenced by factors, such as hospital and physician
census and resource availability, that may be less likely to
have a post-discharge impact. In addition, evaluating in-
hospital mortality cannot reflect ways in which post-
discharge access to care, quality of care, etc. could mitigate a
possible detrimental short-term impact of non-geographic
cohorting. Additionally, in-hospital mortality necessarily does
not inform how the totality of the hospital stay, including
discharge planning and communication on geographically
cohorted units, may impact patient outcomes, since by defini-
tion the hospital stay ends in the patient’s death. Post-hospital
mortality is a better measure to this end. Overall, our combined
findings offer strong evidence that mortality is not adversely

impacted, immediately or post-discharge, by geographic
cohorting.
One of the most notable findings of our study is that resident

rotation evaluations significantly improved after the transition
to geographic cohorting. While the effect size is small (3.7 to
4.0), our experience demonstrates a meaningful improvement,
as significant quantitative changes in resident rotation evalua-
tions occur quite infrequently. Notably, this remained true
despite the fact that resident workload and patient volume
remained unchanged (904 patients discharged prior vs 911
patients discharged after). With rotating schedules and clinical
responsibilities, geographic cohorting may lessen the demands

Table 1 Patient Characteristics

Overall (N=
1720)*

Pre-intervention (N=
904)

Post-intervention (N=
911)

95% CI pre–post (two
sample)

Pvalue OmnibusPvalue

Age, mean (SD)
Age 63.71 (18.36) 64.41 (17.96) 63.32 (18.63) (−0.60, 2.77) 0.21 0.21
Sex, N (%)
Female 916 (53%) 480 (53%) 488 (54%) (−0.05, 0.04) 0.84 0.84
Race, N (%)
Black 584 (34%) 344 (38%) 277 (30%) (0.03, 0.12) 0.001 <0.001
White 963 (56%) 533 (59%) 475 (52%) (0.02, 0.11) 0.004
Other 50 (3%) 27 (3%) 23 (3%) (−0.01, 0.02) 0.55
Missing 123 (7%) 0 (0%) 136 (15%) (−0.17, −0.13) <0.001
CCI†, mean (SD)
Mean 1.57 (2.02) 1.64 (2.05) 1.59 (2.02) (−0.14, 0.24) 0.63 0.63
Health insurance,N (%)
Commercial 342 (20%) 155 (17%) 197 (22%) (−0.08, −0.01) 0.02 0.08
Medicaid 272 (16%) 142 (16%) 144 (16%) (−0.03, 0.03) 0.95
Medicare 1059 (62%) 585 (65%) 544 (60%) (0.01, 0.09) 0.03
Self-pay/
Other

47 (3%) 22 (2%) 26 (3%) (−0.02, 0.01) 0.58

*95 patients were discharged both pre- and post-intervention
†28 missing CCI values in the overall and pre-intervention group
CCI, Charlson Comorbidity Index; SE, standard error

Table 2 HCAHPS Scores and Resident Overall Evaluation Scores

HCAHPS scores

Year Percent top box* 95% CI Pvalue
Doctors explained things in a way you could understand
2017, N=334 71% 65.7, 76.2 0.28
2018, N=333 75% 69.7, 79.8
Doctors listened carefully to you
2017, N=336 76% 70.9, 80.8 0.89
2018, N=334 76% 70.4, 80.4
Doctors treated you with courtesy and respect
2017, N=339 85% 80.0, 88.4 0.88
2018, N=335 85% 80.1, 88.8
Overall communication with doctors
2017, N=339 77% 72.2, 81.9 0.19
2018, N=335 80% 75.0, 84.4
Resident overall evaluation scores†

Year,N Mean score (SE) 95% CI Pvalue
2017, N=91 3.7 (0.09) 3.6, 3.9 0.03
2019, N=83 4.0 (0.09) 3.8, 4.2
Mean Change 0.287 (0.12) 0.04, 0.54

*Percent of top box scores rating physicians as “excellent” among
questionnaire items pertaining to physician communication on the
HCAHPS survey
†Residents were asked to rate their “overall impression of the quality of
the rotation” on a 5-point Likert scale, ranging from 1 (“poor”) to 5
(“excellent”)
HCAHPS, Hospital Consumer Assessment of Healthcare Providers and
Systems
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of the inpatient rotation by providing a consistent clinical
location and interprofessional team. This consistency may
help to minimize extraneous cognitive load and help residents
focus on their patients’ care, rather than time spent navigating
variable realities of different hospital units including differ-
ences in case management, nursing ratios, unit culture, and
many other impactful aspects of different clinical sites. Indeed,
in their pre-post evaluation of transitioning to geographic
cohorting, Bryson et al. found that participating residents,
hospitalists, and nurses reported improved communication
and quality of care.[7] This suggests that improved communi-
cation, in addition to more efficient workflows, is likely some
of the important reasons for which the residents viewed this
transition positively. With an ongoing imperative to combat
resident burnout[14–16] and a growing need to train dedicated
future hospitalist physicians[17, 18], resident satisfaction is an
important outcome to target, especially when it can be opti-
mized without impacting patient outcomes.
Prior studies which have evaluated length of stay, return

rates, and patient/provider satisfaction before and after geo-
graphic cohorting have found similar findings to ours. Using a
before and after cross-sectional survey involving 159 patients
(93 before, 64 after), Olson et al. evaluated the effects of
implementing geographic cohorting among their general in-
ternal medicine teaching services on patient-physician com-
munication, physician and nursing perceptions, length of stay,
and 30-day return rate at a 367-bed, community teaching
hospital in Connecticut.[8] Olson et al. found no difference
in length of stay (6.8 days pre vs. 6.8 days post) or 30-day
return rates (32.1% pre vs. 34.1% post; P > 0.05). Our results
corroborate these findings within a larger, tertiary care aca-
demic setting.
Drawbacks to geographic cohorting have been described.[6,

19] Two of the most universal barriers include increased
interruptions due to increased physician availability to the rest
of the interprofessional team and significant logistical chal-
lenges to implementation. While each hospital will have its
own unique barriers, a major lesson learned was the critical
importance of engaging key stakeholders throughout the de-
sign, implementation, and evaluation of this transition. Our
team included leadership from the department of medicine, the
internal medicine residency program, the department of emer-
gency medicine, nursing, case management, admissions, bed
management, and hospital administration. We learned early
the importance of regular meetings both prior to and after
implementation to discuss challenges that emerged and reach
consensus on process solutions. This allowed us to anticipate,
prevent, and adapt to unforeseen problems as they presented.
A similar approach of stakeholder engagement and open com-
munication is essential to the success of this transition within
any hospital that is considering implementation of geographic
cohorting.
Our study has several limitations. Our retrospective ITS

study design does not allow us to fully account for any
confounding hospital initiatives that may have been

implemented contemporarily with our study. As mentioned,
we excluded patients admitted to the ICU or under obser-
vation. While we have no reason to suspect otherwise, it is a
limitation of our study that we do not have data to confirm
that the number of patients excluded for these reasons was
similar pre- and post-intervention. Additionally, we only
assessed residents’ evaluations of the rotation and did not
gather evaluative data from other members of the interpro-
fessional team such as our nurses, case managers, adminis-
trators-on-duty, or hospital leadership. These evaluations
would provide a more complete picture of the impact of
geographic cohorting on hospital workflow and employee
satisfaction, in addition to the patient outcomes which we
assessed.
Future research should focus on the impact of geographic

cohorting on resident competencies, particularly those of
patient care, professionalism, communication, and system-
based practice. An assessment of geographic cohorting’s
impact on time of patient discharge would also be of sig-
nificant interest to hospital leadership given growing finan-
cial pressures on hospital systems.[20] Finally, evaluating
additional outcomes of key importance to other stake-
holders, such as emergency medicine providers, nursing,
rehab therapists, case management, bed management, and
hospital administration, will be important to creating a
holistic understanding of the potential benefits and draw-
backs of geographic cohorting.

CONCLUSION

Geographic cohorting was associated with increased resident
satisfaction, while achieving comparable patient outcomes and
patient satisfaction scores to those of traditional hospital ad-
mitting models. These findings suggest that many teaching
hospitals would benefit from adopting a geographic cohorting
admission model.

Supplementary Information The online version contains supple-
mentary material available at https://doi.org/10.1007/s11606-021-
07387-z.
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