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ABSTRACT

Background Variations in inpatient medical care

are typically attributed to system, hospital or patient
factors. Little is known about variations at the physician
level within hospitals. We described the physician-level
variation in clinical outcomes and resource use in general
internal medicine (GIM).

Methods This was an observational study of all
emergency admissions to GIM at seven hospitals in
Ontario, Canada, over a 5-year period between 2010 and
2015. Physician-level variations in inpatient mortality,
hospital length of stay, 30-day readmission and use of
"advanced imaging’ (CT, MRI or ultrasound scans) were
measured. Physicians were categorised into quartiles
within each hospital for each outcome and then quartiles
were pooled across all hospitals (eg, physicians in the
highest quartile at each hospital were grouped together).
We report absolute differences between physicians in the
highest and lowest quartiles after matching admissions
based on propensity scores to account for patient-level
variation.

Results The sample included 103 085 admissions

to 135 attending physicians. After propensity score
matching, the difference between physicians in the
highest and lowest quartiles for in-hospital mortality was
2.4% (95% Cl 0.6% to 4.3%, p<0.01); for readmission
was 3.3% (95% C1 0.7% to 5.9%, p<0.01); for
advanced imaging was 0.32 tests per admission (95% Cl
0.12t0 0.52, p<0.01); and for hospital length of stay
was 1.2 additional days per admission (95% CI 0.5 to
1.9, p<0.01). Physician-level differences in length of
stay and imaging use were consistent across numerous
sensitivity analyses and stable over time. Differences in
mortality and readmission were consistent across most
sensitivity analyses but were not stable over time and
estimates were limited by sample size.

Conclusions Patient outcomes and resource use

in inpatient medical care varied substantially across
physicians in this study. Physician-level variations

in length of stay and imaging use were unlikely to

be explained by patient factors whereas differences

in mortality and readmission should be interpreted

with caution and could be explained by unmeasured
confounders. Physician-level variations may represent

ice di s that highlight quality improvement

;' .

INTRODUCTION
Variations in inpatient medical care are
well documented and typically attributed
to system, hospital or patient factors.'™
This approach is reflected in the system-
level focus that predominates in the
quality improvement and patient safety
literature.” Measurement efforts have also
focused on the outcomes of care deliv-
ered by individual surgeons® * and have
described notable surgeon-level varia-
tions.'” Recently, Tsugawa and colleagues
reported marked variations in physician
spending in inpatient medical care in
US hospitals.'' Higher spending was not
associated with better clinical outcomes.
Broad physician attributes, such as experi-
ence,'” % sex,' training" and specialty,'®
may have modest and mixed associations
with variations in patient outcomes.
However, the magnitude of physician-
level variations in inpatient medical care,
and the scope of variations across a range
of process and outcome measures, have
not been described. Research in this area
is based on large administrative data
sets,""™ 17 18 wwhich lack clinical data,
or smaller clinical cohorts,” which are
limited by sample size. Thus, it remains
unclear whether physician-level varia-
tions in outcomes and resource use may
be explained by patient-level differences.
Much of clinical care is driven by
decisions made by individual physicians
and their patients. A growing number
of quality improvement initiatives, such
as audit-and-feedback reports,?® target
individual physicians. Understanding the
degree of physician-level variations in
care is important for understanding the
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potential effectiveness of physician-targeted quality
improvement interventions. General internal medicine
(GIM) inpatient care provides a unique opportunity to
examine physician-level variation because admissions
are non-elective and patients are ‘quasirandomly’ allo-
cated to physicians based on work schedules.'' Thus,
physician-level variation within hospitals may reflect
practice differences rather than differences in patient
characteristics. Moreover, GIM patients account for
nearly 40% of emergency department admissions to
hospital.?!

The purpose of this study was first to measure
physician-level variations in resource use and selected
patient outcomes in GIM at seven hospitals over 5
years. Second, we used a granular clinical data set to
explore whether physician-level variations may reflect
real practice differences or are more likely explained
by differences related to patient characteristics or
case mix. We focused on within-hospital variations
to isolate physician-level variation from system or
hospital factors.

METHODS

Design, setting and participants

This observational study included GIM inpatients at
seven large hospital sites participating in the General
Medicine Inpatient Initiative (GEMINI) in Toronto and
Mississauga, two adjacent cities in Ontario, Canada.?!
Participating hospitals included five academic institu-
tions and two large community-based hospitals affili-
ated with the University of Toronto. All participating
healthcare organisations are independent, publicly
funded and provide tertiary and/or quaternary care.
Public insurance covers the costs of hospital care and
physician services and thus patients come from all
socioeconomic backgrounds. Residents and medical
students from the University of Toronto rotate through
all the participating hospitals.

GIM services at GEMINI hospitals have been
previously described in detail.*! Inpatient GIM care
is provided in a hospitalist model, predominantly by
clinical teaching teams in the academic centres and by
non-teaching teams in the community hospitals. The
attending physicians are internists (93%) and family
physicians (7%) who typically cover the inpatient
service in ‘blocks’ lasting between 1 and 4 consecutive
weeks (most commonly 2 weeks). GIM admissions are
almost entirely non-elective and through the emergency
department. There are typically at least four physicians
attending on GIM in parallel at each hospital at any
given time. Patients are assigned to attending physi-
cians ‘quasirandomly’ by the on-call internal medicine
resident or staff physician at the time of admission
in the emergency department. As a result, over large
samples, patient characteristics should be balanced
across physicians within a hospital. Thus, physician-
level differences in clinical outcomes and resource use
within a hospital can be attributed to differences in

clinical practice rather than differences in patient char-
acteristics or case mix. This assumption has informed
several large analyses examining emergency physician
and hospitalist practice patterns in the USA,'' 3 1422
but it has not been tested outside this setting or using
clinical data to enhance risk adjustment.

Inclusions and exclusions

We included all GIM hospitalisations between 1 April
2010 and 31 March 2015, defined as patients who
were either admitted to or discharged from the GIM
service. GIM services were distinguished from other
hospital services based on data extracted from hospital
information systems.”' In order to maximise compa-
rability between physicians within a hospital, we only
included GIM visits for whom the ‘most responsible
physician’ was an internist (including internal medi-
cine subspecialists) who attends on the inpatient GIM
service. A study investigator at each hospital iden-
tified the physicians who attended on the inpatient
GIM service during the study period. We excluded
family physician hospitalists because their training,
case mix and practice patterns may differ systemati-
cally from internists. We excluded GIM patients who
were admitted from any route other than the emer-
gency department (n=4213, 3.4%), to avoid elective
admissions and interhospital transfers that might not
have been assigned to an attending physician quasiran-
domly. Finally, we excluded admissions with hospital
length of stay greater than 30 days (n=5423, 4.4%),
because it is difficult to attribute their care to a single
physician. Hospital admissions were attributed to the
‘most responsible physician’ as per the Canadian Insti-
tute for Health Information (CIHI) Discharge Abstract
Database, defined as the physician who is ‘respon-
sible for the care and treatment of the patient for the
majority of the visit to the health care facility’.”> The
most responsible physician is assigned retrospectively
by the hospital (typically by a trained chart abstractor)
after discharge and if a definition has been used exten-
sively in health services research.'” **2¢ We included
only physicians responsible for at least 100 admis-
sions over the study period to avoid unstable estimates
related to small sample size. Two of the hospitals
participating in GEMINI exist within a larger health-
care organisation. Transfers between hospitals within
the organisation occurred in a small number (3.8%) of
that organisation’s hospitalisations. In these cases, the
hospitalisation was attributed to the admitting hospital
and was only included in the physician-level analysis
if the most responsible physician was located at the
admitting hospital.

Data sources

Data collection for GEMINI has previously been
described in detail*! and included linking hospital
administrative data with electronic clinical data at the
level of individual hospital admissions. Demographic
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and clinical data, including diagnoses coded using
the International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision, Canada
(ICD-10-CA), were collected from hospital adminis-
trative databases as reported to CIHI. Laboratory and
radiology data were extracted from hospital informa-
tion systems.

Outcome measures

We report four measures of clinical outcomes and
resource use: inpatient mortality, hospital length of
stay, 30-day readmission at any participating hospital
and use of ‘advanced imaging’, defined as the number
of diagnostic CT, MRI or ultrasound scans per admis-
sion. These were selected to represent important
aspects of clinical care but are not intended to be direct
indicators of quality or appropriateness. For example,
in-hospital mortality is sometimes expected because
delivering end-of-life care is an important part of GIM
as many patients have life-limiting illnesses. Thus, we
do not intend to suggest that a lower mortality rate
or shorter hospital length of stay necessarily indicates
higher quality care.

Patient characteristics

The following patient characteristics were used in
multivariable adjustment and matching: age, sex,
Charlson Comorbidity Index score,”” day of admis-
sion (categorised as weekday vs weekend), time of
admission (categorised as daytime between 08:00 and
17:00 or night-time otherwise), fiscal year of admis-
sion, admission hospital, primary discharge diagnosis,
admission to GIM within the previous 30 days and the
Laboratory-based Acute Physiology Score (LAPS)*
which ranges from 0 to 256 (higher scores reflect a
greater risk of inpatient and 30-day mortality). The
combination of age, sex, LAPS and Charlson Comor-
bidity Index score has been validated as a predictor
of inpatient mortality in Ontario, Canada (reported
c-statistic 0.89).”’ These covariates were included to
adjust for patient-level differences in mortality risk. As
we previously described,’® discharge diagnoses were
categorised based on ICD-10-CA codes into clinically
meaningful and mutually exclusive groups, using the
Clinical Classifications Software tool V.2018.1.%!

Statistical analysis

For our first research question, to measure physician-
level variation, we report the unadjusted absolute
differences between the physicians with the highest
and lowest values on each outcome measure within
each hospital. To test the statistical significance of
physician-level differences at each hospital, we set the
three lowest physicians as the reference group and
performed pairwise comparisons between each physi-
cian and the reference group. To quantify physician-
levelwvariationracrossshospitalsspwercategorised physi-
cians into quartiles within each hospital for each of

the four outcome measures. We then pooled the quar-
tiles across all hospitals and compared the highest and
lowest quartiles, testing for statistical significance with
the Kruskal-Wallis test for continuous outcomes and y*
test for binary outcomes.

For our second research question, to examine
whether differences in patient characteristics contrib-
uted to the observed physician-level variations, we
performed seven analyses. First, we report patient
baseline characteristics for all admissions across
physician quartiles to determine whether they were
balanced by the quasirandom allocation of patients to
physicians. For each patient characteristic, we calcu-
lated the standardised difference between each quartile
(eg, we calculated the standardised difference between
quartiles 1 and 2, 1 and 3, 1 and 4, 2 and 3, 2 and 4,
and so on). Standardised difference was computed as
the mean difference between quartiles divided by the
SD across hospitalisations in both quartiles. We report
the largest standardised difference across all the pair-
wise comparisons for each patient characteristic, refer-
ring to this as the ‘maximum standardized difference’.
Standardised differences greater than 0.1 are consid-
ered meaningful markers of imbalance.’

Second, we compared physicians in the highest and
lowest quartiles of each outcome before and after
restricting the comparison to a matched sample of
hospital admissions to reduce bias that might arise
from non-random assignment of patients to physi-
cians attending in GIM. We matched admissions 1:1
based on patient age (categorised into S-year inter-
vals), sex, hospital site, fiscal year of admission and
propensity score. The propensity score was calculated
using logistic regression models predicting the proba-
bility of being in the highest physician quartile based
on the baseline patient characteristics reported above.
We compared estimates of physician-level differences
before and after propensity score matching. We hypoth-
esised that if patients were quasirandomly allocated to
physicians, the estimates of physician-level differences
would be similar before and after matching, suggesting
that patient-level differences contributed little to the
observed physician-level differences.

Third, because there is a large diversity in the condi-
tions cared for in GIM,* we compared admissions
with only the 10 most common primary discharge
diagnoses to reduce potential confounding related to
case mix differences among uncommon diagnoses.
We again compared the highest and lowest physician
quartiles after performing the same matching algo-
rithm based on patient age, sex, hospital, fiscal year
of admission and propensity score in this restricted
sample.

Fourth, we fit multivariable linear or logistic regres-
sion models to estimate physician-level outcomes
after adjusting for the baseline patient characteristics
described above. We calculated the Pearson correlation
between the adjusted and unadjusted physician-level
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outcomes, with the expectation that a high degree of
correlation suggests that patient-level factors explain
relatively little physician-level variation.

Fifth, we performed a split sample validation to
reduce the effects of unmeasured patient factors on
physician-level differences and assess the stability in
physician-level differences over time. The 5-year study
sample was split into the first 2 years and last 3 years.
Physicians were assigned to quartiles based on their
within-hospital rankings on outcomes in the first part
of the sample, and then patient characteristics and
outcomes were reported for the same physician quar-
tiles in the second part of the sample. To maximise
stability of estimates, we included physicians with at
least 100 admissions in each period. We performed
a sample size calculation to estimate the sample that
would be required to identify meaningful physician-
level differences in mortality and readmission (see
online supplementary appendix 1 for further details).

Sixth, we restricted the sample to hospitalisations
with only a single attending physician to account for
differences that might arise from misattribution in the
‘most responsible physician’ when there are multiple
attending physicians involved in a patient’s care. We

included only admissions with the same admitting,
discharging and most responsible physician.

Seventh, to better understand physician-level differ-
ences in mortality, we excluded all patients with a palli-
ative diagnostic code at hospital discharge (ICD-10-CA
code Z51.5).

When reporting differences between physician
quartiles, 95% Cls and p values were computed using
adjusted SEs** to account for clustering at the hospital
level. All statistical analyses were performed using R
V.3.5.0 (R Foundation for Statistical Computing).

RESULTS

There were 118 165 GIM admissions from the
emergency department during the study period.
After excluding physicians who were responsible
for fewer than 100 admissions and admissions with
length of stay greater than 30 days, the final study
cohort included 103085 admissions and 135 physi-
cians (mean 764 admissions per physician, SD 533).
The median patient age for admissions was 73 years
(IQR 56-84), 50.6% were female and 42.6% had a
Charlson Comorbidity Index score of 2 or greater
(table 1).

Table 1 Characteristics of all GIM hospital admissions and categorised across physician quartiles of in-hospital mortality
Maximum
All hospital Physician mortality Physician mortality Physician mortality Physician mortality standardised
Characteristic admissions* quartile 1 quartile 2 quartile 3 quartile 4 differencet
Admissions, n 103085 19781 24298 27568 19786
Mortality, n (%) 4474 (4.3) 761(3.8) 1069 (4.4) 1416 (5.1) 1228 (6.2) 0.1
Age, median (IQR) 73 (56, 84) 71 (54, 83) 72 (55, 84) 73 (56, 84) 73 (56, 84) 0.07
Female sex, n (%) 52192 (50.6) 50.6 50.3 51.0 50.2 0.02
High Charlson Comorbidity Index scoret, n (%) 43910 (42.6) 429 419 421 43.0 0.02
Day of admission (weekday), n (%) 75527 (73.3) 74.1 72.5 73.3 74.6 0.05
Time of admission (daytime)8, n (%) 22283 (21.6) 21.2 23.7 19.6 22.4 0.10
Hospitalisation in previous 30 days9, n (%) 11091 (11.1) 1.3 1.3 11.2 11.5 0.01
LAPS** mean (SD) 20.2 (17.5) 18.7 (16.7) 19.3 (16.9) 203 (17.1) 20.0(17.2) 0.10
Discharge diagnosestt, n (%)
Pneumonia 5602 (5.4) 1086 (5.5) 1380 (5.7) 1531 (5.6) 1095 (5.5) 0.01
Urinary tract infection 5517 (5.4) 1061 (5.4) 1190 (4.9) 1452 (5.3) 1022 (5.2) 0.02
Heart failure 5161 (5.0) 980 (5.0) 1335 (5.5) 1337 (4.8) 1027 (5.2) 0.03
COPD 4634 (4.5) 876 (4.4) 1181 (4.9) 1237 (4.5) 842 (4.3) 0.03
Stroke 3333(3.2) 612 (3.1) 819 (3.4) 838 (3.0) 643 (3.2) 0.02
Gastrointestinal haemorrhage 3081 (3.0) 499 (2.5) 721 (3.0) 785 (2.8) 508 (2.6) 0.03
Delirium, dementia, cognitive disorder 2940 (2.9) 510 (2.6) 695 (2.9) 763 (2.8) 520 (2.6) 0.02
Fluid and electrolyte disorder 2765 (2.7) 490 (2.5) 661(2.7) 754 (2.7) 495 (2.5) 0.02
Intestinal infection 2596 (2.4) 505 (2.6) 601 (2.5) 737 (2.7) 511(2.6) 0.01
Diabetes mellitus with complication 2454 (2.4) 485 (2.5) 577 (2.4) 594 (2.2) 465 (2.4) 0.02

Physicians were categorised into quartiles within each hospital based on the rate of inpatient mortality and then quartiles were pooled across hospitals
*The data reported for all hospital admissions reflect the entire study cohort (patients admitted or discharged from GIM), whereas the data reported for the physician mortality quartiles reflect only the

admissions used in the calculation of mortality (only patients initially admitted to GIM).

+The maximum standardised difference across physician mortality quartiles was calculated using the two quartiles that had the largest standardised difference for each variable (calculated as the mean

difference divided by SD).

+Charlson Comorbidity Index score of 2 or greater was considered high comorbidity.
§Admissions between 08:00 and 17:00 were considered ‘daytime” admissions.

9To a GIM ward at a participating hospital.

**aboratory-based Acute Physiology Score (LAPS) is a validated score to predict inpatient mortality, which ranges from 0 to 256 points, with higher scores indicating a higher risk of mortality.
t1The primary discharge diagnosis for each admission was categorised using the Clinical Classifications Software based on International Statistical Classification of Diseases and Related Health Problems,

Tenth Revision (ICD-10) codes.
COPD, chronic obstructive pulmonary disease; GIM, general internal medicine.

126

Verma AA, et al. BMJ Qual Saf 2021;30:123-132. doi:10.1136/bmjgs-2019-010425

www.manaraa.com


https://dx.doi.org/10.1136/bmjqs-2019-010425

Original research

Physician-level variations in care and outcomes

There were marked within-hospital variations in inpa-
tient mortality, length of stay, 30-day readmission and
use of advanced imaging at all hospitals (figure 1).
The absolute difference between the highest and
lowest ranked physicians within each hospital in inpa-
tient mortality ranged from 3.1% to 6.9% (figure 1),
difference in average length of stay ranged from 1.4
to 3.6 days per admission, difference in readmission
rate ranged from 4.4% to 12.7% and difference in use
of advanced imaging ranged from 0.3 to 0.9 tests per
admission.

The absolute difference between physicians in the
highest and lowest quartiles at all hospitals was 2.4%
(95% CI 0.7% to 4.1%, p=0.007) for in-hospital
mortality, 1.2 days (95% CI 0.6 to 1.9 days, p<0.001)
per admission in length of stay, 3.9% (95% CI 1.2% to
6.7%, p=0.005) for readmission and 0.35 advanced
imaging tests (95% CI 0.15 to 0.55 tests, p<0.001) per
admission (table 2).

Patient-level differences and physician variations

The results of all seven analyses suggest that meas-
ured patient characteristics did not account for the
observed physician-level variations in hospital length
of stay and imaging use. Physician-level differences in
mortality and readmission were consistent across all
analyses except the split sample validation, which was
limited by sample size. Patient characteristics, including
predictors of mortality (eg, age, Charlson Comor-
bidity Index score and LAPS), were generally well
balanced across physician quartiles for all outcomes,
before and after matching (table 1, online supplemen-
tary tables A-K). Compared with unadjusted anal-
yses, the physician-level differences were similar after
propensity score matching and after propensity score
matching in a sample restricted to only the 10 most
common discharge diagnoses (table 2). There was a
strong correlation between unadjusted and adjusted
physician-level estimates for each outcome measure,
with correlation coefficients ranging from 0.81 to 0.96
(p<0.001 for all measurements, table 3).

In the split sample validation, there remained signifi-
cant physician-level differences in length of stay (differ-
ence between highest and lowest quartiles was 0.7 days
per admission, 95% CI 0.04 to 1.3 days, p=0.04) and
imaging use (difference between highest and lowest
quartiles was 0.26 tests per admission, 95% CI 0.06
to 0.47 tests, p=0.01, online supplementary appendix
tables M and O). There were no significant differences
observed in the second period of the split sample for
mortality or readmission (table 2, online supplemen-
tary tables L and N), but these findings were limited
by sample size as only 80 physicians had enough hospi-
talisations in both periods to be included (see online
supplementary appendix 1 for further details).

Whenthe sampleswasirestrictedstoradmissions with
only a single attending physician, 65982 admissions

were included (64% of the original sample). Patient-
level characteristics were well balanced across all quar-
tiles and physician-level differences were similar to the
main analysis (table 2, online supplementary tables
P-S).

After excluding patients with a ‘palliative’ diagnostic
code, the difference in mortality between the highest
and lowest physician quartiles was 1.8% (95% CI
0.6% to 3.0%, p=0.005, online supplementary table
T).

DISCUSSION
Principal findings
This multicentre study of 103 085 hospital admissions
demonstrates significant physician-level variations in
inpatient clinical outcomes and resource use in GIM
at all participating hospitals. Using granular clinical
data, we found that measured patient differences did
not substantially account for the observed physician-
level variation. Over large samples, measured patient
characteristics and case mix were well balanced across
physicians within a hospital. Physician-level variations
persisted among hospitalisations with only a single
attending physician, which removed misattribution
that could result from handovers in care. Physician-
level variation in hospital length of stay and advanced
imaging use were consistent across multiple sensitivity
analyses and stable over time in a split sample valida-
tion. Physician-level variations in mortality and read-
mission rate were consistent across numerous analyses
but could not be demonstrated to be stable over time,
which is likely due in part to insufficient sample size.
Thus, our main findings regarding mortality and read-
mission should be interpreted with caution as unmeas-
ured confounders could account for the observed vari-
ations. Our findings suggest that there are meaningful
physician-level variations in care that are not explained
by system, hospital or patient factors. Further research
is needed to determine whether such variations exist
primarily in process measures (such as imaging use) or
whether they can also be stably demonstrated for clin-
ical outcomes (such as mortality or readmission).
When comparing physicians in the highest and
lowest quartiles in the same hospital on a matched
sample of admissions, we found absolute differences
of 2.4% in inpatient mortality (representing one addi-
tional death per 42 admissions), 3.3% in readmis-
sion (one additional readmission per 30 admissions),
1.2 days per admission in length of stay and 0.32
advanced imaging tests per admission (one additional
test per three admissions). These effects could not be
attributed to differences in measured patient risk. In
particular, the physician-level estimates of mortality
were not substantially changed after adjusting for age,
sex, Charlson Comorbidity Index score and LAPS, the
combination of which has been validated as a predictor
of mortality risk.”® 2’ Significant mortality differences
remained after excluding deaths coded as ‘palliative’,
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Figure 1 Physician-level variations in in-hospital mortality, length of stay, 30-day readmission and use of advanced imaging. Physician-level data are
presented for each hospital (A—G). The figure reports in-hospital mortality rate (panel A), mean total length of stay (panel B), rate of 30-day readmission
(panel C) and use of advanced imaging, defined as number of CT, ultrasound (US) and MRI scans per admission (panel D). Physician-level data are
presented for each hospital (A-G). Each dot represents the actual value for one physician and the vertical bars are the 95% CI of the estimate. The dotted
horizontal lines are the hospital average, or overall hospital rate. The vertical bars for each hospital are the difference between the physicians with the
hlghest and Iowest values Each physman was compared with the average of the three physicians with the lowest values at each hospital. When the
Nas.statistica a e-physician data point is labelled blue. Grey labels represent no statistically significant difference.

e )l ol )
o
i & 'H & “ AJ m I Verma AA, et al. BMJ Qual Saf 2021;30:123-132. doi:10.1136/bmjgs-2019-010425

www.manharaa.com



Original research

Table 2 Physician-level variations in resource use and outcomes in GIM

Absolute difference between highest and lowest physician quartiles

Propensity score

Propensity score
matching, restricted

All admissions matching sample* Split sample Single attending
Outcome measures (95% CI) (95% CI) (95% CI) validationt physician
In-hospital mortality (%) 2.4(0.7 to 4.1) 2.4(0.6t0 4.3) 1.7 (0.3 t0 3.0) 0.3(=1.3,2.0) 2 5(1.1, 3 9)
Length of stay (mean days per admission) 1.2 (0.6 to 1.9) 1.2(0.5t0 1.9) 1.2 (0.5 10 2.0) 0.7 (0.04, 1.34) .0(0.1,1.8)
30-day readmission (%) 3.9(1.2t06.7) 3.3(0.7 t0 5.9) 4.1(2.3106.0) 0.8 (-2.0, 3.6) 4.1 (0. 8 7.3)
Advanced imaging use (mean tests per 0.35(0.15t00.55) 0.32(0.12t00.52) 0.25(0.03t00.48)  0.26(0.06,0.47)  0.30(0.1,0.5)

admission)

Physicians were categorised into quartiles within each hospital based on each outcome measure. We report the difference between the highest and
lowest physician quartiles for each measure among all admissions and after matching. In the matched samples, each admission for physicians in the

highest and lowest quartiles was matched 1:1
characteristics.

on age, sex, hospital site, fiscal year of admission and a propensity score that included all baseline

*Only admissions involving the 10 most common discharge diagnoses were included to avoid case mix differences that might be related to rare

diagnoses.

tThe 5-year sample was split and physicians were categorised into quartiles based on outcomes in the first 2 years and here we report outcomes in the

same quartiles in the last 3 years.

$0nly admissions in which there was a single attending physician throughout were included.

GIM, general internal medicine.

suggesting that both unexpected and expected deaths
contributed to the observed variation. However,
physician-level differences in mortality were not
consistent over time and thus should be interpreted
with caution. Unmeasured factors, such as patient
preferences regarding resuscitation, could account for
the observed variation. We believe our findings are
likely to be generalisable because the study sample
included five hospitals across Toronto, Canada’s
largest city, and the only two hospitals that provide
GIM care in Mississauga, Canada’s sixth largest city.
The organisation of inpatient GIM care in Ontario
and most of Canada is similar to the hospitals included
in this study. Given that GIM patients account for
nearly 40% of emergency department admissions to
hospital,”! in aggregate, these differences have large
system-wide effects.

Clinical and policy implications

There is a well-developed body of literature exam-
ining clinical practice variation at the regional or
hospital level.>*™ Surgeon-level variations have also
been described in several settings.® '* Less is known
about physician-level variations in inpatient medicine.
Studies have focused on comparing physicians across a
range of characteristics. In general, there appear to be
small or no differences in patient care and outcomes
based on physician sex,'* experience,'” ' training"
or type of practice (hospitalist vs primary care).'®
Patient care and outcomes differ between specialists
and generalists for particular diseases, such as heart
failure,"” ** ***! however important case mix differ-
ences limit these comparisons. Because of this focus
on specific physician characteristics, the magnitude
and scope of physician-level variation in inpatient

Table 3  Correlation between unadjusted and adjusted physician-level estimates of resource use and clinical outcomes in GIM

Length of stay Readmission (Corr, p Mortality Imaging
Hospital (Corr, p value) value) (Corr, p value) (Corr, p value)
All hospitals 0.96 (<0.001) 0.96 (<0.001 0.81(<0.001) 0.96 (<0.001)
A 0.94 (<0.001) 0.98 (<0.001 0.75(<0.001) 0.99 (<0.001)
B 0.94 (<0.001) 0.91 (<0.001 0.86 (<0.001) 0.89 (<0.001)
C 0.87 (<0.001) 0.96 (<0.001 0.92 (<0.001) 0.92 (<0.001)
D 0.98 (<0.001) 0.90 (<0.001 0.76 (0.001) 0.96 (<0.001)
E 0.96 (<0.001) 0.93 (<0.001 0.81(<0.001) 0.95 (<0.001)
F 0.98 (<0.001) 0.97 (<0.001 0.77 (<0.001) 0.97 (<0.001)
G 0.98 (<0.001) 0.94 (<0.001) 0.84 (<0.001) 0.98 (<0.001)

The correlation was calculated between unadjusted and adjusted estimates of each measure. The following patient baseline covariates were used in
adjustment: age, sex, Charlson Comorbidity Index score, day of admission, time of admission, Clinical Classifications Software (CCS) classification of
discharge diagnosis, hospitalisation within 30 previous days, Laboratory-based Acute Physiology Score and study year. To examine the correlation across
all hospitals as a single measure, all physicians were included and we adjusted for hospital fixed effects.

Corr, correlation coefficient; GIM, general internal medicine.
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medicine has been poorly understood. Our study
advances the understanding of quality measurement
in inpatient medicine by identifying meaningful and
stable physician-level differences in length of stay and
imaging use and illuminating the need for further
research regarding variations in mortality and read-
mission. This is particularly salient given the interest
in audit and feedback as a means of quality improve-
ment*’ and highlights the importance of standardised
multicentre clinical data sets to support quality meas-
urement. In Ontario, Canada, GIM physicians have
historically received little systematic feedback about
their patterns of clinical practice and thus opportuni-
ties for reflection, improvement or standardisation of
care based on observed variations have been limited.

Recently, a series of papers using administrative
databases in the USA has asserted that quasirando-
misation in non-elective care permits physician-level
comparisons.'' ¥ 22 To our knowledge, this hypoth-
esis has not been tested outside of the USA or outside
of administrative databases. We linked administrative
data with detailed clinical data in a Canadian context
and examined a more comprehensive set of patient
characteristics than has been previously reported.
For example, adjusting for laboratory data has been
shown to account for substantial residual confounding
compared with analyses based purely on adminis-
trative data,** * and is an important strength of our
study. Physician-level differences were similar across
multiple analyses to account for patient characteris-
tics. This detailed exploration suggests that patients
were indeed quasirandomly allocated to physicians
resulting in balanced characteristics within a hospital
and permitting valid comparisons of physician-level
practice differences.

The magnitude of physician-level variations observed
in this study suggests that further work to understand
and address these variations should be a priority for
quality improvement. Further research is needed to
better understand the drivers of physician-level prac-
tice differences in GIM, given that physician age, sex,
training or experience explain only small amounts of
variation.'*® Drivers may include different physi-
cian attitudes, skills or approaches to organising their
practice. Alternatively, the observed physician-level
clustering may reflect variations in the practices of
different hospital wards or interdisciplinary teams.

Limitations

Our study has several important limitations. First, we
do not draw direct conclusions about appropriateness
or quality of care. Although we identify large varia-
tions, we acknowledge that the extremes (eg, lowest
mortality or shortest length of stay) may not reflect the
highest quality care. Second, we collected data about
readmissions at any participating study site and thus
missyreadmissionsstorothershospitalss [n our region,
829% of hospital readmissions occur to the same site.**

Our data likely capture substantially more than 80%
of all readmissions because we included readmissions
to any participating hospital. It is unlikely that the
limitations in this measure would affect physicians
within a hospital differently and bias within-hospital
comparisons. Third, we were unable to measure out-
of-hospital mortality and thus choices about end-of-
life care (eg, choosing to palliate patients who are
terminally ill in hospital rather than transfer to another
facility) may have affected physician-level differences.
We attempted to address this by adjusting for validated
predictors of mortality and by excluding patients with
‘palliative’ diagnostic codes, and results were consistent
across these analyses. Fourth, we did not have suffi-
cient sample size at the physician level to determine
whether variations in mortality or readmission were
stable over time. Fifth, resident physicians play an
important role in the delivery of GIM care at most
participating study sites and test ordering is known
to vary among residents.”” We were unable to include
trainee schedules and thus could not account for this
potential source of variation. However, residents in
participating hospitals rotate across clinical teams and
are not paired directly with individual attending physi-
cians. Thus, over large samples, resident-driven differ-
ences would likely be non-differential between physi-
cians. Physician-level variability was similar across
all participating sites, including the two community
hospitals where residents are less involved in clinical
care. Moreover, the attending physician is ultimately
responsible for care that is delivered by the residents
under their supervision. Sixth, we were unable to
measure important patient factors, such as socioeco-
nomic status, functional status, cognition or patient
preferences, which could vary across physicians and
affect outcomes. Given these limitations, we believe
that data about physician-level practice variations in
hospital medicine should be used for formative feed-
back and to identify opportunities for quality improve-
ment but not for formal evaluations or remuneration.

CONCLUSION

Our study demonstrates that patient outcomes and
resource use in inpatient medical care vary substantially
across physicians. Physician-level variations in length
of stay and imaging use are unlikely to be explained
by patient factors and further research is needed to
establish the stability of variations in mortality and
readmission over time. Physician-level variations may
represent practice differences that highlight quality
improvement opportunities.
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