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Abstract

Background: Variability in antimicrobial
prescribing may indicate an opportunity
for improvement in antimicrobial use.
We sought to measure physician-level
antimicrobial prescribing in adult gen-
eral medical wards, assess the contribu-
tion of patient-level factors to anti-
microbial prescribing and evaluate the
association between antimicrobial pre-
scribing and clinical outcomes.

Methods: Using the General Medicine
Inpatient Initiative (GEMINI) database,
we conducted a retrospective cohort
study of physician-level volume and
spectrum of antimicrobial prescribing in
adult general medical wards in 4 aca-
demic teaching hospitals in Toronto,
Ontario, between April 2010 and Decem-
ber 2019. We stratified physicians into
quartiles by hospital site based on vol-
ume of antimicrobial prescribing (days
of therapy per 100 patient-days and anti-
microbial-free days) and antibacterial

spectrum (modified spectrum score).
The modified spectrum score assigns a
value to each antibacterial agent based
on the breadth of coverage. We assessed
patient-level differences among phys-
ician quartiles using age, sex, Laboratory-
based Acute Physiology Score, discharge
diagnosis and Charlson Comorbidity
Index. We evaluated the association of
clinical outcomes (in-hospital 30-day
mortality, length of stay, intensive care
unit [ICU] transfer and hospital readmis-
sion) with antimicrobial volume and
spectrum using multilevel modelling.

Results: The cohort consisted of 124 phys-
icians responsible for 124158 hospital
admissions. The median physician-level
volume of antimicrobial prescribing
was 56.1 (interquartile range 51.7-67.5)
days of therapy per 100 patient-days.
We did not find any differences in base-
line patient characteristics by physician
prescribing quartile. The difference in

mean prescribing between quartile 4
and quartile 1 was 15.8 days of therapy
per 100 patient-days (95% confidence
interval [CI] 9.6-22.0), representing 30%
higher antimicrobial prescribing in the
fourth quartile than the first quartile.
Patient in-hospital deaths, length of
stay, ICU transfer and hospital readmis-
sion did not differ by physician quartile.
In-hospital mortality was higher among
patients cared for by prescribers with
higher modified spectrum scores (odds
ratio 1.13,95% CI 1.04-1.24).

Interpretation: We found that physician-
level variability in antimicrobial pre-
scribing was not associated with differ-
ences in patient characteristics or
outcomes in academic general medicine
wards. These findings provide support
for considering the lowest quartile of
physician antimicrobial prescribing
within each hospital as a target for anti-
microbial stewardship.

Antimicrobial resistance is an important global health threat that
is associated with increased infection-related morbidity and
mortality, incremental health care costs and diversion of health
care resources away from other priority areas.** The key modifi-
able driver of antimicrobial resistance in humans is antimicrobial
prescribing and overuse.* Variability in antimicrobial prescribing
may signal overuse and an opportunity for improvement.>*°
Defining the magnitude, consequences and possible contributors

to variability in antimicrobial prescribing is the requisite initial
step in identifying ways to improve practice.

Despite substantial study of variability in antimicrobial pre-
scribing in the community and long-term care settings,>!"1 few
studies have evaluated antimicrobial prescribing variation among
patients admitted to hospital, specifically to general medicine
wards. Patients cared for in general medicine wards represent a
large percentage of all hospital admissions in Canada. In the
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pre-COVID-19 era, patients admitted for 6 of the top 10 reasons
for hospital admission were commonly treated in general medi-
cine wards.?® Further, antimicrobial use is common on general
medicine wards, with about 30% of patients receiving antimicro-
bial therapy.6

We sought to evaluate physician-level variability in antimicro-
bial prescribing for patients admitted to general medicine wards,
the contribution of patient-level factors toward this variability
and the association between physician-level antimicrobial pre-
scribing practices and patient outcomes.

Methods

Study design and setting

This retrospective cohort study included adult patients admitted
to general medicine wards at 4 academic teaching hospital sites
(Mount Sinai Hospital, St. Michael’s Hospital, Toronto Western
Hospital and Toronto General Hospital) participating in the Gen-
eral Medicine Inpatient Initiative (GEMINI) in Toronto, Ontario,
Canada.'®* The GEMINI database compiles clinical and administra-
tive data across participating hospitals in Ontario. We chose
these 4 hospitals as they were among the initial 7 hospitals to
provide data to GEMINI and had validated pharmacy drug data
for analysis at the time of study.

Hospitals in Ontario are publicly funded and provide general
and specialized inpatient care to patients from all socioeconomic
backgrounds. In GEMINI hospitals, general medicine admissions
account for about 40% of all patients admitted to hospital and
25% of all bed-days.®

The general medicine service model for the hospitals in this
study has been previously described!® and involves care pro-
vided by clinical teaching teams (medical students, residents,
staff physicians and allied health professionals) under the
supervision of the most responsible physician (MRP). Service
blocks for the MRP are typically 2 weeks in length but may vary
from 1 to 4 weeks.!® Patients admitted to the general medicine
service are assigned to MRPs from the emergency department
based on the rotational admission schedule, without prefer-
ence for a specific MRP.1%2° This supports assignment of
patients to any MRP regardless of diagnosis or likelihood of
need for antimicrobials.

Other clinicians may also affect antimicrobial prescribing in
the participating hospitals, including pharmacists, infection pre-
vention and control providers and infectious disease consultants.

We reported this study in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement.?*

Eligibility criteria

We assessed eligibility of all patients admitted to general medi-
cine wards between Apr. 1, 2010, and Dec. 31, 2019. This time
period represents the earliest data available in the GEMINI data-
base and excludes the effect of the SARS-CoV-2 pandemic on anti-
microbial prescribing. We included adult patients (aged = 18 yr)
admitted to general medicine wards when the MRP was either an
internist (including internal medicine subspecialists) or a family

medicine-trained hospitalist attending on the inpatient general
medicine service. We attributed patient-days to physicians using
the Canadian Institute for Health Information (CIHI) definition for
an MRP (i.e., “responsible for the care and treatment of the
patient for the majority of the visit to the health care facility”).2
For example, for an admission of 15 days in which the patient was
cared for by 2 MRPs during the stay, the assigned MRP would be
the physician with 8 or more days caring for the patient.

We excluded patients not admitted directly from the emergency
department, patients with a total hospital length of stay greater
than 30 days (to increase attribution accuracy, as this was the lon-
gest length of MRP service blocks and allowed fewer transitions of
MRPs) and any patient whose MRP had fewer than 100 admissions
to general medicine over the period of study (to ensure statistical
stability and exclude clinicians with little service time and, thus,
nonrepresentative antimicrobial prescribing).?® For patients trans-
ferred to the intensive care unit (ICU) during their admission, we
censored ICU-related antimicrobial prescribing data and patient-
days and limited analyses to prescribing data and patient-days to
the period during which they were managed on the medical ward.
Patients could be included in the study more than once if they had
more than 1 admission to a participating hospital.

Data sources

The GEMINI database includes patient-specific demographic,
administrative and clinical data that are collected from elec-
tronic health records of participating hospitals and are typ-
ically used for reporting to CIHI. These data are highly reliable
and have accuracy ranging from 98% to 100% in a manual vali-
dation of more than 20000 data points.? At the time of this
analysis, GEMINI data included nearly 250000 patient admis-
sions to 7 Toronto hospitals.? Current holdings represent
more than 30 different hospitals, 1.2 million admissions and
2.2 billion data points.*

Patient characteristics

Data collected included sex, age, Charlson Comorbidity Index
score,? Laboratory-based Acute Physiology Score,?® admission
date and day of the week, admission time to the general medi-
cine service, discharge diagnosis (using codes from the Cana-
dian version of the International Classification of Diseases, 10th
Revision [ICD-10-CA]) and general medicine admissions within
30 days before the index admission. We selected these patient
factors as they have been used in previous studies and reflect
the relative patient complexity, acuity and likelihood of receiv-
ing antimicrobial therapy during hospital stays.!®?

To calculate antimicrobial prescribing for each patient, we
extracted data from GEMINI on antimicrobial agents prescribed
during their admission, including the antimicrobial name and
start and stop dates.

No data were missing for any components that we extracted
from GEMINI.

Measures of antimicrobial prescribing
We analyzed aggregate data on antimicrobial prescribing at the
physician level. We described volume of antimicrobial prescribing
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as antimicrobial days of therapy per 100 patient-days and the per-
centage of antimicrobial-free days. We described the intensity of
antimicrobial prescribing using the modified spectrum score.?#?

The primary measure used for analysis was days of therapy
per 100 patient-days (Appendix 1, Section S1, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.221732/tab-related-content).
This measure offers a standardized method to evaluate anti-
microbial prescribing.®*3! If a patient received more than 1 anti-
microbial on a specific day, each antimicrobial was considered
separately (e.g., a patient who received 2 antimicrobials on each
day of a 5-day admission would be considered to have had
10 antimicrobial days of therapy). To address limitations of days
of therapy (e.g., overestimating when combination therapy is pre-
scribed, even if appropriate), we calculated the percentage of
antimicrobial-free days, defined as the proportion of total
patient-days per physician without antimicrobial exposure.®

No validated tool exists to assess differences in aggregate
intensity of antimicrobial prescribing. To obtain an exploratory
understanding of variability in the spectrum of antibacterial pre-
scribing, we used a modified tool that was initially developed to
help quantify the relative spectrum of antibacterial agents for
patients in the ICU.2%32 Spectrum of activity refers to the relative
coverage of different bacterial organisms for each antimicrobial,
taking into account resistance rates in the local setting.>® For
example, piperacillin-tazobactam, a broad-spectrum combination
of ureidopenicillin and a B-lactamase inhibitor, effectively treats
methicillin-susceptible Staphylococcus aureus, Streptococcus spp.
and many enteric gram-negative organisms such as Escherichia
coli and Klebsiella spp., along with Pseudomonas aeruginosa. Peni-
cillin G, a narrow-spectrum agent, effectively kills B-hemolytic
streptococci and Treponema spp. The modified spectrum score
assigns a numerical value to each antibacterial agent (e.g., 42.25
for piperacillin-tazobactam, 4.0 for penicillin G), corresponding
to the clinically relevant organisms covered by each drug, with a
maximum theoretical value of 60 (Appendix 1, Section S2). We
modified the original spectrum score to include antimicrobial
agents prescribed outside of the critical care environment (e.g.,
penicillin and nitrofurantoin).?

Clinical outcomes

We evaluated the association between physician-level anti-
microbial prescribing and patient outcomes, namely inpatient
death, hospital length of stay, 30-day hospital readmission
at any participating GEMINI hospital and ICU transfer. These are
widely used outcomes in health systems research and are par-
ticularly useful for assessment of antimicrobial prescribing,
as infection and treatment may lead to changes in these
outcomes. 19343

Statistical analysis

To evaluate physician-level variability in prescribing, we calcu-
lated within-hospital differences between the highest and lowest
values of each measure of antimicrobial prescribing. We visual-
ized variability in prescribing between physicians by site, with
95% confidence intervals (Cls) estimated by bootstrapping for
each physician (Appendix 1, Section S3).

We categorized physicians into quartiles of prescribing mea-
sures (days of therapy, antimicrobial-free days and modified spec-
trum score) within each hospital. We then evaluated the balance of
patient-level characteristics across quartiles. We calculated stan-
dardized mean differences (SMDs) as means divided by standard
deviations (SDs), using the 2 quartiles with the largest difference for
each patient-level measure (referred to as the maximum standard-
ized difference); values of greater than 0.1 suggested imbalance.®

We assessed clinical outcomes by physician-level prescribing
quartile. This was done using trend tests, adjusted for clustering
of admissions within physicians, and with multilevel models,
with admissions nested within physicians. We used logistic multi-
level models for binary outcomes and negative binomial multi-
level models for hospital length of stay to estimate associations
between physician-level prescribing measures and patient-level
clinical outcomes. We reported results for binary outcomes as
odds ratios (ORs) with 95% Cls. We reported rate ratios (days/
admission) for length of stay.

Sensitivity analyses

We performed several sensitivity analyses to evaluate whether
patient-level factors influenced physician-level antimicrobial
prescribing.

To assess whether observed differences were indeed related
to differences in underlying latent physician prescribing prac-
tices, we split the sample into 2 time periods (Apr. 1, 2010, to
Feb. 14,2015, and Feb. 15, 2015, to Dec. 31, 2019). We filtered the
data set to physicians who had at least 100 encounters in each
half of the study period and estimated the correlation between
prescribing in the 2 halves.

To evaluate for potential bias resulting from nonrandom patient
assignment to MRPs, we constructed a matched population that
would be more balanced in baseline patient characteristics
between physician prescribing quartiles 1 and 4. We assigned
patients of quartile 1 physicians (controls) to those of quartile 4
physicians, using 1:1 nearest neighbour propensity score matching,
with a caliper width of 0.2. We derived the propensity score using
the Charlson Comorbidity Index, day of admission, time of admis-
sion, previous 30-day admission and primary ICD-10-CA diagnosis
as these variables are available in the GEMINI database and are
potentially predictive of antimicrobial administration.3-*> We then
recalculated the prescribing measures within this matched popula-
tion to evaluate whether prescribing variability was still present.

To minimize the potential for misattribution of MRP status
and antimicrobial prescribing, we conducted an analysis restrict-
ing inclusion to patients who were admitted to and discharged
from the general medicine team with the same MRP.

To minimize the potential for effects to be driven by patients
being cared for with a palliative care approach that involved no
active medical management, where antimicrobial prescribing
may be appreciably different, we conducted an analysis excluding
patients with a discharge diagnosis of palliative care (ICD-10-CA
code Z51.5).

Finally, to evaluate whether adjustment for patient character-
istics significantly affected physician-level variability in anti-
microbial prescribing, unadjusted (physician-level fixed effects)
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and adjusted (physician-level fixed effects plus patient-level vari-
ables), we estimated and compared prescribing patterns. A high
degree of concordance between the physician fixed-effect coeffi-
cients estimated in the unadjusted and adjusted models would
suggest a relatively small influence of patient-level factors in
explaining physician-level practice variation. We conducted this
analysis for the full cohort, as well as the restricted cohorts of
same MRP at admission and discharge and with exclusion of
patients with a discharge diagnosis of palliative care.

We performed all statistical analyses using R, version 3.5.0 (R
Foundation for Statistical Computing).

Ethics approval

Research ethics board approval was obtained from all participat-
ing hospitals (Unity Health Toronto Research Ethics Board
no. 15-087 for St. Michael’s Hospital, Toronto General Hospital
and Toronto Western Hospital and the Sinai Health Ethics Board
no. 15-0075-C for the Mount Sinai Hospital).

Results
The cohort consisted of 124 physicians with 124 158 patient admis-

sions (Figure 1). The median volume of physician antimicrobial
prescribing across the cohort was 56.1 (interquartile range [IQR]

51.7-67.5) days of therapy per 100 patient-days (Table 1). The
median physician percentage of antimicrobial-free days was
62.3% (IQR 56.9%-64.3%) and the median physician modified
spectrum score was 24.9 (IQR 24.3-25.5). (Appendix 2, Tables S1
and S2, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.221732/tab-related-content). The variability of each measure
across sites is shown in Figure 2, with each dot representing
1 physician within each hospital site.

Patient characteristics were balanced across the 4 quartiles of
physician-level days of therapy per 100 patient-days, with the
standardized maximum difference not exceeding 0.1 (Table 1).
Characteristics were similar when examined by quartiles of
antimicrobial-free days or modified spectrum score (Appendix 2,
Tables S1 and S2).

The difference in mean prescribing between physician quar-
tile 4 and quartile 1 of the primary measure was 15.8 (95% Cl 9.6-
22.0) days of therapy per 100 patient-days. The median physician
in quartile 4 had a volume of antimicrobial prescribing that was
30% higher than that of the median physician in quartile 1.

The difference in mean physician prescribing between quar-
tile 4 and quartile 1 for percentage of antimicrobial-free days
was 8.1% (95% Cl 5.6%-10.5%); for the modified spectrum
score, the difference was 1.9 (95% Cl 1.5-2.3) (Appendix 2,
Tables S1 and S2).

n=154888

Adult patients (= 18 yr) in GEMINI cohort from
Apr. 11,2010, to Dec. 31,2019

Excluded n=3023

Patients admitted to or discharged
from non-GM services

Patients admitted to or discharged from GM

n=151865

Patients admitted from the

emergency department
n=147 890

Excluded n=3975

Patients admitted directly to GM without
going to emergency department

Excluded n=23732

Length of stay >30d n=6570
« Admissions <12 hin GM n=5060
+  GM admissions with MRP with < 100 visits n=9538

« GM admissions with unmatched MRP n=2265

Final cohort

n=124158

Figure 1: Cohort flow diagram. GM = general medicine, MRP = most responsible physician.
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Clinical outcomes

In-hospital death occurred in 5571 (4.5%) patients; 6972 (5.6%)
patients were admitted to the ICU and 16 765 (13.5%) of the
124158 hospital admissions were readmitted within 30 days of
discharge. The mean hospital length of stay was 6.2 days. No sig-
nificant differences were noted for any clinical outcome when
assessed by quartile of days of therapy, antimicrobial-free days
or modified spectrum score (Table 2).

Multilevel modelling showed no significant association
between clinical outcomes and volume of physician-level anti-
microbial prescribing (Table 3). In-hospital mortality was posi-
tively associated with modified spectrum score (OR 1.132, 95% Cl
1.035-1.239); however, no difference was noted in other outcome
measures related to modified spectrum score.

Sensitivity analyses

Comparing prescribing between the 2 halves of the study period,
we estimated a Pearson correlation coefficient of 0.79 (p < 0.01),
which indicated fairly stable prescribing over time.

After propensity score matching to further balance patient
characteristics between quartiles 1 and 4, the difference in mean
prescribing between these 2 quartiles was 8.1 (95% Cl 1.3-17.5)
days of therapy per 100 patient-days (Appendix 2, Table S3).

When the cohort was restricted to patients admitted and dis-
charged from the same MRP, and in the analysis restricted to
those without a discharge diagnosis code of palliative care, we
did not observe any significant differences in the case mix
between quartile 4 and quartile 1, as in the main analysis (Appen-
dix 2, Tables S4 and S5).

Table 1: Baseline characteristics by quartile of physician-level days of therapy per 100 patient-days*

No. (%) of patientst
Variable Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 SMD#
Physician characteristics
No. of physicians 124 33 30 30 31

Days of therapy per 100 patient-days, 56.1 (51.7-67.5)

median (IQR)
Patient characteristics

48.8 (47.5-62.8)

53.3(51.5-67.1)  55.9(55.3-70.0) 63.5 (59.7-74.8) 0.749

yoieasay

No. of patients 124158 31951 40 745 85805 16 067
Age, yr, median (IQR) 69 (53-82) 69 (54-82) 68 (53-82) 69 (54-82) 69 (54-82) 0.012
Sex, female 59979 (48.3) 15262 (47.8) 19 664 (48.3) 17 176 (48.5) 7877 (49.0) 0.018
Charlson Comorbidity Index score§ 0.036
0 47 140 (38.0) 11582 (36.2) 15879 (39.0) 13677 (38.6) 6002 (37.4)
1 20 046 (16.1) 5162 (16.2) 6517 (16.0) 5794 (16.4) 2573 (16.0)
22 56972 (45.9) 15207 (47.6) 18 349 (45.0) 15924 (45.0) 7492 (46.6)
LAPS,9 mean + SD 19.3+£17.6 19.1+£17.4 19.7+£17.9 19.1+£17.3 19.3+£17.5 0.019
Length of stay, median (IQR) 4.4 (2.4-7.8) 4.5(2.5-8.3) 4.3 (2.4-7.8) 4.4 (2.4-7.8) 4.3 (2.4-7.8) 0.025
Discharge diagnosis**
Pneumonia 7012 (5.7) 1692 (5.3) 2361 (5.8) 1994 (5.6) 965 (6.0) 0.016
Urinary tract infection 5291 (4.3) 1277 (4.0) 1666 (4.1) 1609 (4.6) 739 (4.6) 0.018
Heart failure 5837 (4.7) 1607 (5.0) 1783 (4.4) 1671 (4.7) 776 (4.8) 0.016
Chronic obstructive pulmonary disease 6349 (5.1) 1544 (4.9) 2085 (5.1) 1827 (5.2) 893 (5.6) 0.017
Stroke 2824 (2.3) 699 (2.2) 908 (2.2) 852 (2.4) 365 (2.3) 0.008
Gastrointestinal bleeding 4248 (3.4) 1052 (3.3) 1449 (3.6) 1240 (3.5) 507 (3.2) 0.013
Delirium, dementia, cognitive disorders 3470 (2.8) 954 (3.0) 1196 (2.9) 940 (2.7) 380 (2.4) 0.022
Fluid and electrolyte disorders 3248 (2.6) 823 (2.6) 1038 (2.6) 970 (2.7) 417 (2.6) 0.006
Intestinal infection 2964 (2.4) 744 (2.3) 953 (2.3) 855 (2.4) 412 (2.6) 0.008
Septicemia 2513 (2.0) 590 (1.9) 885(2.2) 7232.0) 315(2.0) 0.013

Note: IQR = interquartile range, LAPS = Laboratory-based Acute Physiology Score, SD = standard deviation, SMD = standardized mean difference.

*Days of therapy standardized to 100 patient-days of each prescriber’s service, which reflects an aggregate quantity of antimicrobial prescribing.*! For each physician in
the study, we calculated all antimicrobials prescribed by that physician for their patients into days of therapy and then standardized to the volume of patients seen by
each physician. Once aggregated, we divided physicians into quartiles by hospital site. These quartiles were then aggregated over the 4 participating hospitals to provide
a measure of overall prescribing variability for the cohort.

tUnless indicated otherwise.

1We calculated the SMD using the 2 quartiles that had the largest standardized difference for each variable, divided by SD. Values greater than 0.1 indicate imbalance.*
§The Charlson Comorbidity Index score is used to describe medical complexity and comorbidity; a score of 2 or greater is considered high.?*

Y The LAPS is a validated scoring tool used to predict inpatient mortality, ranging from 0 (low risk) to 256 (high risk) points.?®

**Discharge diagnosis was defined using codes from the Canadian version of the International Classification of Diseases, 10th Revision.
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Variability in physician-level days of therapy, modified spec-
trum score and antimicrobial-free days remained robust to
adjustment by patient-level characteristics (Appendix 2,
Tables S6, S7 and S8).

For outcomes analyses, we did not observe significant differ-
ences by quartile when the cohort was restricted to patients
admitted to and discharged from the same MRP and when
restricted to those without a discharge diagnosis code of pallia-
tive care (Appendix 2, Tables S9 and S10). Multilevel modelling,
whether restricted to patients with the same MRP or to those
without a discharge diagnosis of palliative care, did not show an
association between modified spectrum score and mortality. We
did not observe other associations between prescribing mea-
sures and clinical outcomes (Appendix 2, Tables S11 and S12).

Interpretation

This multicentre study of antimicrobial prescribing in patients
admitted to general medicine wards in academic hospitals

showed variability in physician-level volume of antimicrobial pre-
scribing, which was not related to patient-level factors. Physician-
level antimicrobial prescribing was not associated with patient
clinical outcomes. The positive association between the intensity
of antimicrobials prescribed (measured by the modified spectrum
score) and odds of in-hospital mortality is unexpected and may
be caused by an actual association, unmeasured confounding,
multiple measurements or other unexplained factors.

When evaluating the change in prescribing patterns over time
by physicians, the strong positive correlation between the
2 halves of the study period suggests that physicians had differ-
ences in prescribing practices, and that findings were not just a
product of random fluctuations.

Variations in antimicrobial prescribing have been shown in
ambulatory settings and long-term care facilities. Jung and col-
leagues’ and Stenehjem and colleagues® showed significant
physician-level variation in antimicrobial prescribing for acute
respiratory infections in ambulatory care and urgent care set-
tings, respectively. Daneman and colleagues* found significant
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Figure 2: Antimicrobial prescribing variability by hospital and clinician, including (A) days of therapy (DOT) per 100 patient-days, (B) percentage of
antimicrobial-free days and (C) modified spectrum score. Columns represent hospital sites 1 through 4. Each dot represents a clinician. The vertical
black brackets for each hospital site represent difference between the lowest and highest value for each prescribing metric. The horizontal dashed red

line represents the median value for each metric.
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prescribing variability in long-term care facilities, where higher
antimicrobial prescribing was associated with patient harms.*?
Antimicrobial prescribing in hospitals is a complex clinical,
logistical, social and emotional task, and requires additional
study.3#45-52 Because these factors are often difficult to measure

prescribing within a particular institution. Other research meth-
odologies, such as qualitative research, may be helpful in teas-
ing out the relative contributions of the various components
that affect prescribing.

Antimicrobial stewardship interventions tailored to address-

ing drivers of variability and specific groups of higher-tier pre-
scribers may be effective. A recent randomized controlled trial by

at scale, using data from electronic health records is a practical
method to help identify potential drivers of local variation in

Table 2: Clinical outcomes by physician prescribing quartile

No. (%) of patients*

Variable Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 p value

Days of therapy per 100 patient-

dayst

No. of patients 124158 31951 40 745 35395 16 067
In-hospital death 5571 (4.5) 1688 (5.3) 1700 (4.2) 1455 (4.1) 728 (4.5) 0.496
ICU admission 6972 (5.6) 1656 (5.2) 2382 (5.8) 2027 (5.7) 907 (5.6) 0.262
30-day readmission 16765 (13.5) 4298 (13.5) 5516 (13.5) 4811 (13.6) 2140 (13.3) 0.577
Length of stay, d, mean + SD 6.2+5.5 6.4+5.7 6.1£5.5 6.1+5.5 6.1+54 0.054

Antimicrobial-free dayst , %

No. of patients 124158 20939 33833 36811 32575
In-hospital death 5571 (4.5) 866 (4.1) 1432 (4.2) 1642 (4.5) 1631 (5.0) 0.135
ICU admission 6972 (5.6) 1183 (5.6) 2060 (6.1) 1972 (5.4) 1757 (5.4) 0.81
30-day readmission 16765 (13.5) 2778 (13.3) 4549 (13.4) 4993 (13.6) 4445 (13.6) 0.142
Length of stay, d, mean + SD 6.2+55 6.0+54 6.1+£55 6.2+55 6.2+5.6 0.455

Modified spectrum score§

No. of patients 124158 24 828 36725 38855 23750
In-hospital death 5571 (4.5) 1049 (4.2) 1576 (4.3) 1644 (4.2) 1302 (5.5) 0.338
ICU admission 6972 (5.6) 1414 (5.7) 2068 (5.6) 2132 (5.5) 1358 (5.7) 0.54
30-day readmission 16765 (13.5) 3394 (13.7) 5046 (13.7) 5175 (13.3) 3150 (13.3) 0.914
Length of stay, d, mean + SD 6.2+5.5 6.0+5.6 6.2+55 6.1+5.5 6.2+5.6 0.366

Note: ICU = intensive care unit, SD = standard deviation.

*Unless indicated otherwise.

tDays of therapy standardized to 100 patient-days of each prescriber’s service, which reflects an aggregate quantity of antimicrobial prescribing.*
1Days without antimicrobial therapy, expressed as a percentage of total physician patient-days.*

§A score used to describe the aggregate intensity of antimicrobial prescribing (range 4 [penicillin] to 49.75 [tigecycline]).?*

Table 3: Multilevel modelling of association between physician-level antimicrobial prescribing and patient outcomes

OR (95% Cl) or rate ratio (95% CI)*

Percentage of antimicrobial-free
dayst

Days of therapy per 100 patient-

dayst Modified spectrum score§

Outcome

1.132 (1.035-1.239)
0.944 (0.877-1.017)
0.994 (0.964-1.026)
1.004 (0.98-1.029)

1.008 (0.997-1.019

0.998 (0.989-1.008

( 0.988 (0.967-1.009
(
(
(

0.999 (0.981-1.017
0.999 (0.991-1.006
1.001 (0.996-1.007

In-hospital death
ICU admission

1.000 (0.996-1.004
0.999 (0.996-1.002

) )
) )
30-day readmission ) )
) )

Length of stay

Note: Cl = confidence interval, ICU = intensive care unit, OR = odds ratio.

*Rate ratio used to describe length of stay; all other outcomes described with OR.

tDays of therapy standardized to 100 patient-days of each prescriber’s service, which reflects an aggregate quantity of antimicrobial prescribing.!
1Days without antimicrobial therapy, expressed as a percentage of total physician patient-days.3

§A score used to describe the aggregate intensity of antimicrobial prescribing (range 4 [penicillin] to 49.75 [tigecycline]).2%
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Schwartz and colleagues® found that provision of peer-comparison
feedback letters reduced the duration of antimicrobial therapy
in the community setting. A similar study in the United Kingdom
found an approximate 5% reduction in antimicrobial prescribing
when letters were sent to primary care physicians in the top
20% of antimicrobial prescribers.>* Although the literature is
mixed,*® peer comparison remains a relatively low-intensity
intervention to reduce antimicrobial exposure at scale. Develop-
ing peer-comparison interventions that target prescribers in the
top 3 quartiles, rather than only the highest quartile or outliers,
may help further reduce antimicrobial prescribing in the hospi-
tal setting.

Optimal antimicrobial prescribing behaviour is difficult to
define and will naturally have acceptable variation between
clinicians. For example, community-acquired pneumonia can
be treated in most patients with 5-7 days of antimicrobial
therapy.®® Although this range of therapy duration is likely
appropriate, clinicians who are most comfortable with a dura-
tion of 7 days may find themselves in a higher quartile of pre-
scribing. Feedback on prescribing variation may support self-
reflection for clinicians and prompt local practice discussions
to reduce variation.

Ultimately, without discernable benefit in outcomes of
patients of physicians who prescribe more frequently, less anti-
microbial exposure may be possible, leading to lower risk of anti-
microbial resistance.

Limitations

As this was a retrospective observational study using electronic
patient data, unmeasured confounding cannot be excluded.
Other factors affecting antimicrobial prescribing may have driven
individual decision-making. For example, confounding by indica-
tion may have influenced our findings by differential distribution
of infections that require use of more antimicrobial agents (e.g.,
infective endocarditis). Based on the MRP assignment process
from the emergency department, our assumption was that each
MRP would have an approximately equal chance of encountering
common infectious diseases.

Accurate attribution of patients to physicians is a prerequisite
to our study; any errors in attribution to MRPs have the potential
to affect the results. However, it is encouraging that we did not
observe any significant differences when the cohort was
restricted to patients for whom the admitting and discharging
physician were the same. In this study, we chose attribution of
antimicrobial prescribing to the physician designated as the MRP
(i.e., 100% attribution to MRP) rather than a blended model of
initiation versus continuation of antimicrobials. This attribution
model may have disproportionately affected those with shorter
average service block time.

In academic hospitals, the MRP is often not the clinician who
ordered the antimicrobial. Most antimicrobials are ordered by
trainee physicians either at the behest of or with agreement from
the MRP. Therapy is often started overnight or when other clin-
icians are responsible for care. The differences in prescribing
measures may represent a combination of both team manage-
ment and personal prescribing practices that may differ from

individual prescribing. In addition, we were unable to capture
the impact of other health care providers. Pharmacists, infection
prevention and control providers and infectious disease consult-
ants, among others, were active in all hospital sites but were not
evaluated in this analysis, which may have affected variability of
antimicrobial prescribing.

The lack of a validated, aggregate spectrum score was a limit-
ation of our study. Although we wished to assess the intensity of
antibacterial therapy, we found no appropriate measure in the
literature. We did assess the derivation of the spectrum score
and found it applicable to our local pattern of antimicrobial
resistance, so decided to use this as an exploratory metric.?® Fur-
ther study is needed to validate this approach.

Data were collected from urban academic teaching hospitals.
Generalizability to community hospitals and nonurban teaching
centres may be limited. Further research is needed to evaluate
the variability of antimicrobial prescribing and association with
outcomes in other institutions.

Finally, none of the chosen metrics could be used to assess
the appropriateness of antimicrobial therapy.

Conclusion

This large, multicentre retrospective cohort study of 4 urban aca-
demic hospitals showed variability in the volume of antimicro-
bial prescribing at the physician level that was not associated
with patient-level characteristics or clinical outcomes. These
findings provide support for considering the lowest quartile of
physician antimicrobial prescribing within each hospital as a tar-
get for antimicrobial stewardship.
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