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ABSTRACT
Purpose Whether improving the efficiency of
hospital care will worsen post-discharge
outcomes is unclear. We designed this study to
evaluate the General Internal Medicine (GIM)
Care Transformation Initiative implemented at
one of the seven teaching hospitals in the
Canadian province of Alberta.
Methods Controlled before–after study of GIM
patients hospitalised at the University of Alberta
Hospital (UAH, intervention site, n=1896) or the six
other teaching hospitals in Alberta—three in
Edmonton (intra-regional controls (IRC), n=4550)
and three in Calgary (extra-regional controls (ERC),
n=4095). The primary effectiveness outcome was
risk-adjusted length of stay (LOS) and the primary
safety outcome was ‘mortality during index
hospitalisation or all-cause readmission or death
within 30-days of discharge’.
Results LOS for GIM patients decreased by
0.68 days at Alberta teaching hospitals between
2009 and 2012; GIM patients hospitalised at the
UAH exhibited a further 20% relative decline in
adjusted LOS (total reduction=1.43 days, 95% CI
0.94 to 1.92 days) from PRE to POST. Interrupted
time series (ITS) confirmed that the 1.43 day
reduction at the UAH was statistically significant
(level change p=0.003), while the declines at the
IRC (p=0.37) and ERC (p=0.45) were not. Our
safety outcome did not change for UAH patients
(18.4% PRE-intervention vs 17.8% POST-
intervention, adjusted OR 1.02 (95%CI 0.80 to
1.31), p=0.42 on ITS), nor for those hospitalised at
the IRC (p=0.33) or the ERC (p=0.73) sites.
Conclusions The Care Transformation Initiative
was associated with substantial reductions in LOS
without increasing post-discharge events
commonly quoted as proxies for quality.

Hospitalisations are the largest single cat-
egory of healthcare expenditure and
improving the efficiency of hospital care
is seen as a priority in both Canada and
the USA. However, many clinicians fear
that reducing acute care lengths of stay
(LOSs) may result in premature dis-
charges leading to unintentional harm
and increased costs in the form of
increased presentations to emergency
rooms and readmissions to hospital after
discharge.1 2 Indeed, 30-day readmission
rates already account for 11% of total
hospitalisation costs3 4 and are commonly
used as an indicator of suboptimal
inpatient care and/or suboptimal transi-
tions back to the community.5 6

In the fall of 2010, Alberta Health
Services (the single health authority for
the province of Alberta) implemented the
General Internal Medicine (GIM) Care
Transformation Initiative at one of the
seven teaching hospitals in the province
—the University of Alberta Hospital
(UAH)—with the goal of reducing LOS
for inpatients. This Initiative arose from a
series of meetings with decision makers,
GIM physicians, nurses, allied health pro-
fessionals and patient representatives to
comprehensively catalogue GIM care
processes for hospitalised patients, review
best practices7 and develop a multi-
pronged intervention targeting the
various barriers to optimal care. This
intervention addressed four key domains
of improvement: (1) demand capacity
realignment, (2) team integration and
culture change, (3) best practice
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implementation and (4) transition optimisations. A
fuller description of the intervention is provided in
box 1 or from AC (senior author) upon request.
The GIM Care Transformation Initiative was imple-

mented at the UAH, but not the six other teaching
hospitals in the Canadian province of Alberta, starting
in October 2010 with completion by 31 March 2011.
We took advantage of this natural experiment to
evaluate the impact of the GIM Care Transformation
Initiative on the efficiency of care (LOS)—the primary
target of the Initiative. However, to assess safety of
the system changes that were implemented and to
measure any unintended consequences we also exam-
ined the quality of care delivered (using a composite
proxy measure of ‘inpatient mortality during index
hospitalisation or all-cause readmission/death within
30 days of discharge’ advocated in the Patient
Protection and Affordable Care Act).

METHODS
Setting and data sources
The Canadian province of Alberta has a single health
authority and a vertically integrated government-
funded healthcare delivery system that provides uni-
versal coverage to over 3.7 million people. All seven
teaching hospitals in the province are located in the
two large urban centres (four in Edmonton and three
in Calgary). This study was approved by the Health
Research Ethics Board at the University of Alberta and

the need for patient-level informed consent was
waived. De-identified linked data from the Alberta
Health Discharge Abstract Database were collected for
all acute care hospitalisations in Alberta, including the
admission date, discharge date, hospital ward and
attending physician, most responsible diagnosis (as
specified by the hospital attending physician) and up
to 24 other diagnoses. We also used data from the
Alberta Health Care Insurance Plan Registry and the
Ambulatory Care Database that capture emergency
department (ED) visits.

Study cohort
We identified all adults with an acute care hospitalisa-
tion on the GIM services at the seven Alberta teaching
hospitals between 1 October 2009 and 30 September
2010 (the 12 months before the GIM Care
Transformation was implemented or PRE phase) and
between 1 April 2011 and 31 March 2012 (the
12 months after the GIM transformation or POST
phase). Patients from out of province or transferred
from/to another inpatient service (eg, the intensive
care unit, a different service in the same hospital (such
as surgery), another acute care hospital or rehabilita-
tion hospital) or with LOSs greater than 30 days were
excluded and we only collected data for the first hos-
pitalisation for any patient anywhere in Alberta
during the study period (figure 1).

Box 1 Description of General Internal Medicine (GIM) Care Transformation Initiative implemented at the
University of Alberta Hospital

1. Demand capacity realignment: The optimal service bed base for GIM was defined through Canadian Institute of
Health Information (CIHI) benchmarking (expected and average lengths of stay (LOSs)), and the most appropriate blend
of care spaces was developed by adding a four-bed intermediate care space (for sicker patients), cohabiting all GIM
patients on three contiguous wards (GIM patients were previously scattered across 11 different hospital wards on three
floors of the hospital) and establishment of a 16-bed subacute ward (for patients no longer requiring acute medical
care but requiring additional rehabilitation and convalescence prior to return to their former living arrangement).

2. Team integration and culture change: Clinical documentation was revised to permit and promote interprofessional
collaboration (all healthcare providers charted in the same sections of hospital charts), daily rapid rounds were estab-
lished to bring together the medical, nursing and paramedical teams to establish (and then monitor) the daily inte-
grated care plan for each patient on each unit and a bed coordinator position (with links to various community
resources) was added to coordinate discharge planning for all GIM patients.

3. Implementation of best practices: Processes were created to embed clinical practice guidelines (eg, care maps for
pneumonia) and accreditation standards (eg, pre–intra–post-hospital medication reconciliation, venous thromboembol-
ism prophylaxis, insulin protocols) into the ward care processes using preprinted admission order sheets and care maps
and also to bring evidence-based resources to the point of care (using a GIM desktop on all ward computers which
included evidence-based resources such as Evidence-Based Medicine, Dynamed, Critically Appraised Topics for common
GIM diagnoses and clinical decision support tools).

4. Transition optimisations: Interprofessional teams were involved with each patient to define the optimal blend of ser-
vices required to support safe, quality transitions back to each patient’s prior living arrangements. In particular, the GIM
Care Transformation Initiative focused on improving the medication reconciliation process at discharge, with involvement
of a pharmacist and an emphasis on prompt communication of medication changes to outpatient physicians and pharma-
cists for each patient (via fax at time of hospital discharge of a Best Possible Medication Discharge List which included all
discharge medications as well as the explicit rationale for changes from that patient’s pre-discharge medication regimen).
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Design
We conducted a before–after study with concurrent
controls using three mutually exclusive cohorts:
patients hospitalised on the GIM service at the UAH
(intervention site), patients hospitalised on GIM
services at the other three teaching hospitals in
Edmonton which did not implement the GIM Care
Transformation Initiative (intra-regional controls, IRC)
and patients hospitalised on the GIM services at the
three teaching hospitals in Calgary which did not
implement the GIM Care Transformation Initiative
(extra-regional controls, ERC). The GIM services at all
seven teaching hospitals in Edmonton and Calgary are
structured similarly to each other (with Canadian
Royal College of Physicians approved clinical teaching
units run by attending staff and that include learners at
multiple levels of training) and admit undifferentiated

medical patients from the ED not requiring critical
care or surgical interventions.

Covariates
Patient comorbidities were identified using International
Classification of Disease (ICD)-9 and ICD-10 codes
from the index and all other hospitalisations, ED visits
or ambulatory care visits in the 12 months prior to their
index admission, the accuracy of which have been previ-
ously validated in Alberta databases.8 9 We derived
Charlson Comorbidity Index scores and also calculated
the LACE score for each patient at the time of discharge
from their index hospitalisation. LACE is a four-item
score derived10 in a prospective cohort study in Ontario
and subsequently validated in Alberta11 that incorpo-
rates LOS for the index hospitalisation (L), acuity of
admission (A), Charlson comorbidity score (C) and

Figure 1 Derivation of study cohorts.

Original research

448 McAlister FA, et al. BMJ Qual Saf 2014;23:446–456. doi:10.1136/bmjqs-2013-002289

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2013-002289 on 9 O

ctober 2013. D
ow

nloaded from
 

http://qualitysafety.bmj.com/


emergency room utilisation in the prior 6 months (E)
and can be used for risk adjusting outcomes in the first
30 days after hospital discharge.

Outcomes
As the GIM Care Transformation Initiative was
designed to reduce LOS, our primary effectiveness
outcome was LOS for the index hospitalisation (note
that LOS included time spent on the subacute ward at
the UAH for those who transitioned home via that
unit). We also explored changes in LOS by using a
difference-of-differences approach looking at the ratio
between the observed LOS and the expected LOS for
each patient over the study period (expected LOS was
generated for each patient independently of our study
using validated Canadian Institute for Health
Information estimates which take into account case
mix group, age and inpatient resource intensity
weights—see http://www.cihi.ca). Expected LOS are
data-driven estimates based on the most current
2 years of patient LOS information available in the
Canadian Institute for Health Information Discharge
Abstract Database for all acute hospitals in Canada.
Given that the Initiative targeted care during the

index hospitalisation, we defined our main safety end-
point as the composite of ‘death during the index hos-
pitalisation OR death/readmission within 30 days after
discharge’. This composite endpoint was designed to
deal with competing risks and broadly capture unin-
tended consequences or harms related to the Initiative
and can be risk adjusted using the LACE score.10 11 We
also examined a number of secondary safety outcomes,
including rate of mortality and/or readmission within
30 days of discharge after index hospitalisation in
those who survived index hospitalisation, index hospi-
talisation death rates, discharge disposition after index
hospitalisation and emergency room visits within
30 days post-discharge from index hospitalisation.

Analyses
We evaluated the impact of the GIM Care
Transformation Initiative in a series of pre–post compar-
isons for patients hospitalised on GIM wards pre versus
post the system changes at the UAH (intervention)
versus six control sites. This essentially captures the
difference-of-differences in changes of adjusted LOS
over time and across sites. As multiple changes were
made in rapid succession between October 2010 and
March 2011, we were not able to evaluate the impact of
particular elements of the GIM Care Transformation
system redesign; in the parlance of time series, analyses
were ‘interrupted’ during this period of rapid transi-
tions. Specifically, we compared the outcomes in the
cohort of patients hospitalised between 1 April 2011
and 31 March 2012 (defined as ‘POST-Initiative’) with
those from the baseline (1 October 2009 to 30
September 2010) cohort (defined as ‘PRE-Initiative’) in
multivariate hierarchical linear regression models

(adjusting for covariates (see table 1) and controlling for
site as a fixed effect). For dichotomous endpoints, we
used the analogous approach in logistic regression.
Because time series with a control series constitutes

one of the strongest designs available short of a rando-
mised trial to evaluate health system changes, we also
examined monthly event rates for the GIM wards at
the UAH and the control hospitals from October 2009
to March 2012 and performed interrupted time series
(ITS) analyses using autoregressive integrated moving
average (ARIMA) models to account for temporal
trends and to determine whether there were changes in
outcomes at the UAH compared with the control sites
associated with implementation of the GIM Care
Transformation Initiative. Autocorrelation, partial
autocorrelation and inverse autocorrelation functions
were assessed for model parameter appropriateness
and seasonality. Stationarity was assessed using the
autocorrelation function and the augmented Dickey–
Fuller test. The presence of ‘white noise’ was assessed
by examining the autocorrelations at various lags,
using the Ljung–Box χ2 statistic.
We undertook three preplanned sensitivity analyses.

First, we reran all analyses after excluding those indivi-
duals admitted from or discharged to long-term care
facilities. Second, in an attempt to create similar patient
cohorts between hospitals, we examined the impact of
the GIM Care Transformation Initiative in only those
patients hospitalised with one of the five most common
discharge diagnoses from GIM wards in Alberta. Third,
we restricted our analysis to only those individuals
admitted for ambulatory care-sensitive conditions
(asthma, emphysema, chronic obstructive pulmonary
disease (COPD), DM, epilepsy, heart disease or hyper-
tension) as the most responsible diagnosis. All statistical
analyses were done using SAS V.9.3 (Cary, North
Carolina, USA) and RV.2.15.1 (Vienna, Austria).

RESULTS
Between 1 October 2009 and 30 September 2010
(PRE-Initiative), 706 patients were hospitalised at least
once on GIM wards at the UAH, 1960 on GIM wards
at the other three Edmonton teaching hospitals at
least once and 1856 at the three Calgary teaching hos-
pitals. Between 1 April 2011 and 31 March 2012
(POST-Initiative), 1190 patients were hospitalised at
least once on GIM wards at the UAH, 2590 at the
other three Edmonton teaching hospitals and 2239 at
the three Calgary teaching hospitals (figure 1). GIM
patients at the UAH and the IRC hospitals were com-
parable in terms of age, sex, comorbidity and resource
intensity weights (table 1). However, patients hospita-
lised on GIM wards at the ERC hospitals were
younger and had significantly less comorbidity and
lower resource intensity weights than the UAH and
the IRC (table 1). The most common responsible diag-
noses in the GIM wards of all seven Alberta teaching
hospitals were COPD, pneumonia, heart failure,
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Table 1 Study cohort characteristics

UAH (intervention site)
Edmonton teaching hospitals (intra-region
controls) Calgary teaching hospitals (extra-region controls)

PRE (n=706) POST (n=1190)
PRE vs POST
(p value) PRE (n=1960) POST (n=2590)

PRE vs POST
(p value) PRE (n=1856) POST (n=2239)

PRE vs POST
(p value)

Age, mean (SD) 66.1 (20.4) 65.3 (20.8) 0.42 66.9 (18.1) 67.0 (0.8) 0.81 57.5 (19.7) 58.5 (19.2) 0.08

Men 343 (48.6) 574 (48.2) 0.88 976 (49.8) 1304 (50.4) 0.71 1025 (55.2) 1176 (52.5) 0.08

Top five most responsible diagnoses (n, %)

COPD 64 (9.1) 121 (10.2) 194 (9.9) 249 (9.6) 87 (4.7) 69 (3.1)

Pneumonia 47 (6.7) 67 (5.7) 115 (5.9) 124 (4.8) 79 (4.3) 99 (4.4)

Heart failure 42 (6.0) 71 (6.0) 143 (7.3) 136 (5.3) 55 (3.0) 82 (3.7)

Urinary tract infection 51 (7.2) 73 (6.1) 65 (3.3) 116 (4.5) 36 (2.0) 41 (1.8)

Venous thromboembolism 20 (2.8) 48 (4.0) 54 (2.8) 73 (2.8) 80 (4.3) 84 (3.8)

Charlson Score, mean (SD) 2.84 (2.91) 2.84 (2.74) 0.99 3.18 (3.64) 2.77 (2.68) 0.0001 2.48 (4.3) 1.97 (2.5) 0.0001

Comorbidities (based on index hospitalisation and prior 12 months)

Hypertension 401 (56.8%) 694 (58.3%) 0.52 1104 (56.3%) 1460 (56.4%) 0.98 616 (33.2%) 754 (33.7%) 0.74

Diabetes mellitus 205 (29%) 358 (30.1%) 0.63 617 (31.5%) 793 (30.6%) 0.53 539 (29%) 670 (29.9%) 0.54

Fluid imbalance 196 (27.8%) 466 (39.2%) 0.0001 586 (29.9%) 788 (30.4%) 0.7 499 (26.9%) 574 (25.6%) 0.37

COPD 222 (31.4%) 378 (31.8%) 0.88 708 (36.1%) 836 (32.3%) 0.01 297 (16%) 289 (12.9%) 0.005

Psychiatric disorder 236 (33.4%) 411 (34.5%) 0.62 503 (25.7%) 692 (26.7%) 0.42 238 (12.8%) 260 (11.6%) 0.24

Pneumonia 176 (24.9%) 302 (25.4%) 0.83 514 (26.2%) 572 (22.1%) 0.001 376 (20.3%) 386 (17.2%) 0.01

Anemia 122 (17.3%) 222 (18.7%) 0.45 431 (22%) 545 (21%) 0.44 251 (13.5%) 280 (12.5%) 0.33

Trauma 153 (21.7%) 259 (21.8%) 0.96 418 (21.3%) 487 (18.8%) 0.03 245 (13.2%) 273 (12.2%) 0.33

Atrial fibrillation 136 (19.3%) 236 (19.8%) 0.76 368 (18.8%) 444 (17.1%) 0.15 216 (11.6%) 253 (11.3%) 0.74

Heart failure 109 (15.4%) 212 (17.8%) 0.18 340 (17.3%) 400 (15.4%) 0.09 166 (8.9%) 229 (10.2%) 0.17

Drug abuse 111 (15.7%) 185 (15.5%) 0.92 300 (15.3%) 375 (14.5%) 0.44 232 (12.5%) 230 (10.3%) 0.02

Cancer 76 (10.8%) 155 (13%) 0.15 287 (14.6%) 356 (13.7%) 0.39 261 (14.1%) 256 (11.4%) 0.01

Renal disease 63 (8.9%) 142 (11.9%) 0.04 248 (12.7%) 269 (10.4%) 0.02 194 (10.5%) 146 (6.5%) 0.0001

Dementia 112 (15.9%) 161 (13.5%) 0.16 226 (11.5%) 290 (11.2%) 0.73 94 (5.1%) 73 (3.3%) 0.004

Mild liver disease 44 (6.2%) 78 (6.6%) 0.78 180 (9.2%) 170 (6.6%) 0.001 186 (10%) 184 (8.2%) 0.05

Cerebrovascular disease 53 (7.5%) 91 (7.6%) 0.91 207 (10.6%) 227 (8.8%) 0.04 96 (5.2%) 82 (3.7%) 0.02

Gastrointestinal bleed 22 (3.1%) 40 (3.4%) 0.77 124 (6.3%) 131 (5.1%) 0.07 193 (10.4%) 219 (9.8%) 0.51

Asthma 46 (6.5%) 72 (6.1%) 0.69 154 (7.9%) 154 (5.9%) 0.01 109 (5.9%) 78 (3.5%) 0.0003

Stroke 29 (4.1%) 62 (5.2%) 0.28 143 (7.3%) 137 (5.3%) 0.001 72 (3.9%) 62 (2.8%) 0.05

Prior myocardial infarction 48 (6.8%) 99 (8.3%) 0.23 127 (6.5%) 119 (4.6%) 0.001 58 (3.1%) 16 (0.7%) 0.0001

Arthritis 29 (4.1%) 51 (4.3%) 0.85 77 (3.9%) 96 (3.7%) 0.7 114 (6.1%) 81 (3.6%) 0.0002

Peripheral vascular disease 18 (2.5%) 61 (5.1%) 0.01 82 (4.2%) 80 (3.1%) 0.05 87 (4.7%) 71 (3.2%) 0.01
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Table 1 Continued

UAH (intervention site)
Edmonton teaching hospitals (intra-region
controls) Calgary teaching hospitals (extra-region controls)

PRE (n=706) POST (n=1190)
PRE vs POST
(p value) PRE (n=1960) POST (n=2590)

PRE vs POST
(p value) PRE (n=1856) POST (n=2239)

PRE vs POST
(p value)

Severe liver disease 9 (1.3%) 17 (1.4%) 0.82 77 (3.9%) 61 (2.4%) 0.002 111 (6%) 107 (4.8%) 0.09

Valve disease 23 (3.3%) 44 (3.7%) 0.56 84 (4.3%) 65 (2.5%) 0.97 57 (3.1%) 25 (1.1%) 0.05

Paralysis 17 (2.4%) 34 (2.9%) 0.62 64 (3.3%) 84 (3.2%) 0.009 50 (2.7%) 40 (1.8%) 0.0001

Skin ulcer 19 (2.7%) 31 (2.6%) 0.78 55 (2.8%) 60 (2.3%) 0.3 42 (2.3%) 9 (0.4%) 0.0001

Shock 11 (1.6%) 17 (1.4%) 0.91 31 (1.6%) 30 (1.2%) 0.22 53 (2.9%) 46 (2.1%) 0.1

HIV 13 (1.8%) 17 (1.4%) 0.49 37 (1.9%) 20 (0.8%) 0.001 41 (2.2%) 17 (0.8%) 0.0001

Protein calorie malnutrition 2 (0.3%) 5 (0.4%) 0.63 1 (0.1%) 4 (0.2%) 0.4 0 (0%) 1 (0%) 0.9

Features of index hospitalisation

Resource intensity weight* 1.38 (1.13) 1.42 (1.25) 0.52 1.55 (1.59) 1.49 (1.31) 0.18 1.21 (0.95) 1.21 (1.0) 0.92

LACE score, mean (SD) 10.53 (3.1) 10.23 (3.1) 0.04 11.49 (2.9) 11.00 (3.0) 0.0001 9.78 (3.0) 9.4 (2.9) 0.0001

Expected LOS, mean (SD) 7.2 (4.4) 8.0 (6.1) 0.001 7.60 (4.8) 7.78 (0.5.9) 0.28 6.71 (4.8) 6.67 (4.8) 0.8

*Resource intensity weight values provide a measure of a patient’s relative resource consumption compared with an average typical inpatient cost and are generated by the Canadian Institute of Health Information.
LACE is based on LOS for the index hospitalisation (L), acuity of admission (A), Charlson comorbidity score (C) and emergency room utilisation in the prior 6 months (E).
LOS, length of stay; UAH, University of Alberta Hospital.
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urinary tract infections and venous thromboembolism
(table 1).

Changes in LOS (effectiveness)
Before the Initiative, the mean-adjusted LOSs for
patients hospitalised on GIM wards were 7.04 (95% CI
6.65 to 7.43) days at the UAH, 9.30 (95% CI 9.10 to
9.50) days at the IRC and 7.17 (95% CI 6.97 to 7.38)
days at the ERC (figure 2). Crude, adjusted and
observed versus expected ratios for LOS decreased over
time in all seven teaching hospitals (figure 2, table 2)—
as a result, the number of patients occupying the bed
base was greater in the POST period than the PRE
period. Over and above these secular trends (on average
a 0.68 (95% CI 0.45 to 0.91) day decline in Alberta
GIM Teaching hospitals), implementation of the GIM
Care Transformation Initiative at the UAH was asso-
ciated with an additional decline in adjusted LOS of
0.75 (95% CI 0.28 to 1.29) days which was statistically
significant (p=0.003 for level change on ITS)—this
represents a 20% relative reduction in LOS at the UAH
after implementation of the GIM Care Transformation
(adjusted LOS declined by 1.43 (95% CI 0.94 to 1.92)
days POST-intervention vs PRE-intervention). Statistical
process control charting confirmed that the changes in
LOS at the UAH were statistically significantly greater
than expected given the secular trends seen in the pre-
intervention phase (figure 3). There was no level change
in the adjusted LOS for the IRC (p=0.37) or the ERC
(p=0.45) between the POST-intervention versus
PRE-intervention time frames. Furthermore, while the
ratio of observed:expected LOS fell in all three compari-
son groups POST-intervention versus PRE-intervention,
the ratios remained significantly above 1.0 in both the

IRC and ERC while it declined significantly below
the expected LOS only at the UAH intervention site
(table 2).

Changes in discharge outcomes (safety)
Patients hospitalised in the POST-intervention time
frame at the UAH, compared with patients hospita-
lised during the PRE-intervention time frame, exhib-
ited no substantial change in the rates of our
prespecified safety endpoint of ‘index hospitalisation
mortality or all-cause death/readmission within
30 days of discharge’ (17.8% POST vs 18.4% PRE,
adjusted OR 1.02, 95% CI 0.80 to 1.31, p=0.94 for
level change on ITS, table 2). While rates of the com-
posite safety endpoint did not appreciably change in
the IRC hospitals (aOR 1.04, 95% CI 0.89 to 1.22,
p=0.33 on ITS), rates at the ERC hospitals increased
significantly over the duration of the study (15.9% vs
14.5%, aOR 1.21, 95% CI 1.01 to 1.45), although it
was not significant on ITS (p=0.73).
There was no change in index hospitalisation mor-

tality rates at the UAH (4.37% post vs 4.67% pre,
aOR 0.93, 95% CI 0.60 to 1.46 and p=0.94 on ITS)
and no change in the proportion of patients who were
discharged back to the same level of care they were at
prior to admission (92.09% vs 89.90%, aOR 1.13,
95% CI 0.84 to 1.52). In-hospital mortality and dis-
charge disposition were also not significantly different
in either the IRC sites or the ERC sites in the
POST-intervention time frames compared with the
PRE-intervention time frames (table 2). After imple-
mentation of the GIM Care Transformation Initiative,
there were small declines in the proportion of patients
who had an outpatient physician visit (and their
average frequency) at the UAH but not at the ERC or
IRC (table 2).
ITS with adjustment for secular trends, seasonal

variation and case mix confirmed that all-cause hos-
pital readmissions or ED visits within 30 days of dis-
charge were not significantly different in the
POST-time frame than in the PRE-time frame at
either the UAH (p=0.71 and 0.16, respectively), the
IRC (p=0.33 and 0.70) or the ERC (p=0.73 and
0.43).

SENSITIVITY ANALYSES
Our preplanned sensitivity analyses yielded similar
results. For example, among patients hospitalised with
any of the top five diagnoses, there were no significant
changes in adjusted LOS at either the IRC or the ERC
POST-intervention versus PRE-intervention (table 2),
while the adjusted acute LOS at the UAH declined
after the GIM Care Transformation Initiative by
1.35 days (95% CI 0.48 to 2.22 days) without any
apparent excess risk of harm (aOR 0.84, 95% CI 0.55
to 1.28, for ‘in-hospital death or death/readmission’
within 30 days of discharge). Similarly, excluding resi-
dents of long-term care facilities confirmed that

Figure 2 Adjusted length of stay (LOS) pre and post the
General Internal Medicine Care Transformation Initiative at the
University of Alberta Hospital (UAH), intra-region controls (IRC)
and extra-region controls (ERC). IRC, intra-region controls
(Edmonton hospitals); ERC, extra-region controls (Calgary
hospitals).
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Table 2 Outcomes during the index hospitalisation and in first 30 days after discharge

UAH (intervention site)
Edmonton teaching hospitals (intra-region
controls) Calgary teaching hospitals (extra-region controls)

PRE
(n=706)

POST
(n=1190) Change (95% CI)

PRE
(n=1960)

POST
(n=2590) Change (95% CI)

PRE
(n=1856)

POST
(n=2239) Change (95% CI)

Efficacy Outcomes:

Adjusted acute LOS, days (95% CI) 7.04 (6.65
to 7.43)

6.00 (5.70 to
6.30)

ARD=1.04 (0.60 to
1.49) decrease

9.30 (9.10 to
9.50)

8.67 (8.49 to
8.86)

0.63 (0.36 to 0.90)
decrease

7.17 (6.97 to
7.38)

6.46 (6.27 to
6.65)

0.71 (0.43 to 0.99)
decrease

Acute LOS in those with any of the top five
GIM diagnoses in Alberta, days (95% CI)

6.76 (5.97
to 7.54)

5.48 (4.93 to
6.03)

ARD=1.28 (0.34 to
2.21) decrease

8.87 (8.38 to
9.35)

8.32 (7.87 to
8.77)

ARD=0.55 (-0.12 to
1.21) decrease

7.53 (6.91 to
8.14)

7.67 (7.08 to
8.25)

ARD=-0.14 (-0.98 to
0.70) increase

Observed LOS/expected LOS (95% CI) 1.11 (1.02
to 1.20)

0.80 (0.75 to
0.83)

ARD=0.31 (0.23 to
0.40)

1.43 (1.39 to
1.49)

1.27 (1.24 to
1.31)

ARD=0.16
(0.10,0.27)

1.18 (1.14 to
1.22)

1.10 (1.06 to
1.13)

ARD=0.08 (0.03 to
0.13)

Safety Outcomes:

Death during index hospitalisation or death/
readmission in 30 days after discharge (%)*

126 (18.39) 136 (17.82) aOR=1.02 (0.80 to
1.31)

375 (20.02) 275 (17.81) aOR=1.04 (0.89 to
1.22)

261 (14.48) 230 (15.89) aOR=1.21 (1.01 to
1.45)

Death during index hospitalisation (%) 33 (4.67) 52 (4.37) aOR=0.93 (0.60 to
1.46)

144 (7.35) 155 (5.98) aOR=0.80 (0.64 to
1.02)

88 (4.74) 87 (3.90) aOR=0.81 (0.60 to
1.10)

30 -day readmission for any cause† (%) 84 (12.48) 148 (13.01) aOR=1.08 (0.81 to
1.44)

196 (10.79) 295 (12.11) aOR=1.20 (0.99 to
1.46)

149 (8.43) 241 (11.20) aOR=1.42 (1.14 to
1.77)

Death in 30 days after discharge (%)* 20 (3.06) 25 (3.39) aOR=1.13 (0.62 to
2.06)

60 (3.47) 49 (3.34) aOR=1.15 (0.77 to
1.71)

44 (2.56) 41 (2.93) aOR=1.22 (0.79 to
1.90)

Discharged back to same level of care as
pre-admission†

605 (89.90) 1048 (92.09) aOR=1.13 (0.84 to
1.52)

1643 (90.47) 2211 (90.80) aOR=1.03 (0.87 to
1.23)

1707 (96.55) 2076 (96.47) aOR=1.07 (0.84 to
1.35)

Outpatient physician visit within 30 days of
discharge

484 (68.6) 783 (65.8) p=0.22 1345 (68.6) 1747 (67.5) p=0.40 1322 (71.2) 1573 (70.3) p=0.50

Mean number of outpatient physician visits
in the first 30 days after discharge (SD)

2.5 (3.4) 2.1 (2.9) p=0.01 2.3 (3.1) 2.1 (2.7) p=0.06 2.0 (2.2) 2.1 (2.5) p=0.30

*Mortality data in the first 30 days after discharge are not available for those discharged after 31 December 2011 (23% of patients) and thus denominators for these proportions are not the same as the column heading
denominators.
†Denominator excludes those patients who died during index hospitalisation.
ARD, absolute risk difference (positive value denotes shorter LOS in post-time frames vs pre-time frames); aOR, adjusted OR (30 -day readmissions/deaths/or ED visits adjusted for LACE scores at the time of discharge from
index hospitalisation; in-hospital mortality adjusted for demographics and Charlson scores); GIM, General Internal Medicine; LOS, length of stay; UAH, University of Alberta Hospital.
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implementation of the GIM Care Transformation
Initiative was still associated with a decline in adjusted
acute LOS of 1.39 (95% CI 0.93 to 1.86) days at the
UAH (p=0.004 on ITS)—this represents a 25% rela-
tive reduction in LOS for community-dwelling
patients—without evident harm (aOR 0.96, 95% CI
0.67 to 1.34, for our composite primary safety
outcome). Finally, results were similar when the ana-
lysis was restricted to those with an ambulatory care-
sensitive condition as the most responsible diagnosis
for their index hospitalisation: the adjusted LOS was
reduced by 1.34 days in those hospitalised at the UAH
(95% CI 0.49 to 2.19 day reduction) and the aOR
was 0.83 (95% CI 0.49 to 1.41) for ‘in-hospital death
or death/readmission’ within 30 days of discharge.

DISCUSSION
We observed powerful secular trends suggesting that
the efficiency of GIM hospital care in Alberta teaching
hospitals has improved over time. Above and beyond
these secular trends, in a controlled natural experi-
ment, we found that the GIM Care Transformation
Initiative reduced adjusted LOS by a further 20%

without increasing index hospitalisation mortality
rates or 30 -day rates of readmission, mortality or ED
visits after discharge.
Observational studies in both the USA and Canada

have reported conflicting results on whether shorter
LOSs are associated with poorer post-discharge out-
comes.12–21 Our study adds to this evidence base by
demonstrating that an intervention that reduced LOS
for hospitalised GIM patients did not adversely
impact their post-discharge outcomes (at least using
quality proxies endorsed within the Patient Protection
and Affordable Care Act and by the Centers for
Medicare & Medicaid Services).5 6 In fact, we had
95% power to detect a 20% relative difference in our
composite safety endpoint (in-hospital mortality or
death/readmission within 30 days of discharge), a dif-
ference deemed clinically important by planners for
the Centers for Medicare & Medicaid Services.5 6

Our findings are consistent with a recent report that
the 27% relative reduction in LOS achieved in
Veterans Affairs hospitals between 1997 and 2010
was not associated with an upswing in 30 -day mortal-
ity or risk-adjusted readmission rates.12 However,

Figure 3 Statistical process control (SPC) chart for mean length of stay (LOS) on General Internal Medicine (GIM) wards at the
University of Alberta Hospital before and after the GIM Care Transformation Initiative. The SPC chart provides the mean LOS and two
sigma control limits (based on the monthly average for patients in each era) calibrated during the ‘pre’-Care Transformation phase
and then plotted for the post-Care Transformation era. The squares indicate points that are below the control limits set during the
pre-phase. The dots indicate deviation from the prior statistical pattern (at least seven sequential points below the mean). The
narrower control limits in the post-phase are the result of the increased patient throughput in the post-time period. LCL, lower
confidence limit; UCL, upper confidence limit.
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while the Veterans Affairs analyses suggested that hos-
pitals with lower than expected LOS had higher
readmission rates, the UAH (our intervention site) had
an observed:expected LOS ratio that was reduced to
0.8 but without worsening of post-discharge event
rates compared with control teaching hospitals.
A distinct advantage of our study is our ability to

capture all re-admissions to any hospital in Alberta
for any reason. While some may question the gener-
alisability of our findings beyond Alberta, perusal of
our sociodemographics, most common admitting
diagnoses, case mix, in-hospital mortality and post-
discharge readmission rates reveals that Alberta hos-
pitals are comparable with most hospitals elsewhere
in Canada and the USA.3 4 12–15 Thus, we believe
the benefits we observed with the GIM Care
Transformation Initiative would be translatable to
other jurisdictions.
There are some limitations to our study. First, the

use of administrative data meant that we could not
capture important clinical data such as severity of
disease and functional capacity. However, in our ana-
lysis of outcomes in the first 30 days after discharge
we adjusted for the LACE score for each patient, an
index which incorporates length of index hospital stay
and number of prior visits to the ED (proxy markers
for frailty) and has been shown to be the best pre-
dictor of adverse events in the first 30 days after dis-
charge.10 11 Second, the GIM Care Transformation
Initiative targeted all patients hospitalised on the UAH
GIM wards, not just those perceived to be at ‘high
risk’ of readmission, and this may have reduced the
potential impact of the programme—however, we felt
this necessary since neither experienced clinicians nor
researchers using rigorously developed data-rich algo-
rithms can accurately predict which patients will
bounce back to the hospital and which will success-
fully transition back into the community.13 14 22 23

Third, we did not collect detailed process-of-care
measures such as prescribing or diagnostic testing data
to explore changes in the quality of care and instead
used post-discharge outcomes as a proxy for quality
of care. Fourth, we deliberately chose only one hospi-
talisation for each patient as prior work has estab-
lished that risk adjustment models perform best with
single admissions per patient.24 Whether the Care
Transformation Initiative would have more or less
impact in patients who are frequently rehospitalised is
a separate research question which we plan to evaluate
in subsequent studies. Finally, we examined all-cause
readmissions rather than ‘preventable’ readmissions—
we recognise that only a minority of all readmissions
are truly preventable25 and that not all readmissions
should be viewed as evidence of poor quality of
care,26 27 but there are currently no validated algo-
rithms to define which readmissions are preventable
using administrative data alone. However, our sensi-
tivity analysis confirmed that our results were similar

when the analysis was restricted to those hospitalised
with an ambulatory care-sensitive condition.
The key limitation of our study is our inability to

isolate which element(s) of the Care Transformation
Initiative drove the reduction in LOS since all Care
Transformation elements were rolled out in such close
temporal proximity. Surveys of 84 healthcare providers
working on the GIM wards at the UAH (Gibbons-Reid
V, Williams U and Dhingra S for Survey & Evaluation
Services, Alberta Health Services. Final Evaluation
Report for the GIM UAH Care Transformation Project
Phase I. September 2011) and semistructured inter-
views with focus groups involving over 180 healthcare
providers working on affected wards (Madsen K,
Parajulee A, Spaling M, et al for Survey & Evaluation
Services, Alberta Health Services. Final evaluation of
Care Transformation. 27 April 2013) attributed the
benefits largely to cohorting of GIM patients on dedi-
cated wards and daily rapid rounds (attended by all
members of the healthcare team and discharge coordi-
nators to discuss discharge planning for each patient).
While prior to October 2010 only 53% of GIM
patients were admitted to ‘GIM wards’ and discharge
planning rounds occurred once a week on the GIM
wards (and never occurred on the off-service wards),
by July 2011 97% of GIM patients were admitted to
‘GIM wards’ with discharge planning rounds occurring
5 days a week (Gibbons-Reid V, Williams U and
Dhingra S for Survey & Evaluation Services, Alberta
Health Services. Final Evaluation Report for the GIM
UAH Care Transformation Project Phase I. September
2011). Copies of these Alberta Health Services reports
are available from the senior author (AC) on request.
However, given the disappointing results for cohorting
on dedicated wards recently reported from an aca-
demic medical centre in the USA (longer LOS despite
—or perhaps because of—more daily patient encoun-
ters, and no impact on readmissions in a controlled
before–after study),28 further evidence (ideally in the
form of a randomised trial) is required before conclud-
ing that cohorting alone can improve efficiency on
GIM wards.
While various interventions have been proposed to

improve the efficiency and quality of inpatient care,
with inconsistent results when rigorously evaluated,7

the GIM Care Transformation Initiative did decrease
LOS for hospitalised GIM patients above and beyond
existing secular trends in teaching hospitals without
increasing post-discharge adverse events. Given the
nature of healthcare funding where increasing spend-
ing in one area can only occur if resources are shifted
from other areas, there are potential opportunity costs
with any intervention and it is important to ensure that
improvements in efficiency measures (such as LOS) do
not result in worsening quality metrics (such as post-
discharge events). In a recent editorial, Dr Mitchell
Katz highlighted the paucity of research in this area
and asked ‘Is it even possible to decrease hospital costs
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while maintaining quality?’2 We believe the GIM Care
Transformation Initiative answers Dr Katz’s question.
Efforts are now underway to roll out the Care
Transformation Initiative at the other teaching hospi-
tals in Alberta and in other clinical domains (with
evaluation) and a formal cost-effectiveness analysis of
the Care Transformation Initiative is being performed.
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