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Abstract

Objectives: Antibiotics are commonly used in intensive care units (ICUs), yet differences in antibiotic use across ICUs are unknown. Herein,
we studied antibiotic use across ICUs and examined factors that contributed to variation.

Methods: We conducted a retrospective cohort study using data from Ontario’s Critical Care Information System (CCIS), which included 201
adult ICUs and 2,013,397 patient days from January 2012 to June 2016. Antibiotic use was measured in days of therapy (DOT) per 1,000
patient days. ICU factors included ability to provide ventilator support (level 3) or not (level 2), ICU type (medical-surgical or other), and
academic status. Patient factors included severity of illness using multiple-organ dysfunction score (MODS), ventilatory support, and central
venous catheter (CVC) use. We analyzed the effect of these factors on variation in antibiotic use.

Results: Overall, 269,351 patients (56%) received antibiotics during their ICU stay. The mean antibiotic use was 624 (range 3-1460) DOT per 1,000
patient days. Antibiotic use was significantly higher in medical-surgical ICUs compared to other ICUs (697 vs 410 DOT per 1,000 patient days;
P <.0001) and in level 3 ICUs compared to level 2 ICUs (751 vs 513 DOT per 1,000 patient days; P < .0001). Higher antibiotic use was associated
with higher severity of illness and intensity of treatment. ICU and patient factors explained 47% of the variation in antibiotic use across ICUs.

Conclusions: Antibiotic use varies widely across ICUs, which is partially associated with ICUs and patient characteristics. These differences

highlight the importance of antimicrobial stewardship to ensure appropriate use of antibiotics in ICU patients.

(Received 5 March 2020; accepted 1 May 2020; electronically published 16 June 2020)

Antibiotics are among the most commonly prescribed medica-
tions in hospitals, particularly in intensive care units (ICUs).
The increasing use of antibiotics is the main driver behind the
increasing rate of antibiotic resistance."” The development of
resistance is associated with higher morbidity, mortality, hospital
length of stay, and costs.> Antibiotic use remains a common inter-
vention for critically ill patients.* Although antibiotics have the
potential to reduce mortality, their inappropriate use increases
the risk of resistance and complications like Clostridioides difficile
infection, organ-specific injury like renal and hepatic failure, and
adverse drug reaction.>® In fact, there has been an increasing rate
of antibiotic-resistant pathogens in ICUs related to frequent use of
broad-spectrum antibiotics along with an inherent risk of harbor-
ing antibiotic resistance in critically ill patients.”™

One effective strategy to optimize antibiotic use and associated
costs is to implement antimicrobial stewardship programs (ASPs)
in healthcare institutions.!?!? To evaluate the appropriateness
of antibiotic use and make interinstitutional comparisons, it is
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important to understand the pattern of use in these settings.
We know that antibiotic use is highly variable across acute-care
hospitals,'* long-term care facilities,"* and the community."
Cultural practices and prescriber preference likely contribute
to this variation.!*'® However, little is known about the pattern
of antibiotic use across ICUs on a population level. The impacts
of different ICU and patient factors on this antibiotic variation
are also not well understood. Identifying ICUs with high antibi-
otic use and associated adverse impact on patient outcomes
would represent opportunities for ASPs to intervene and reduce
inappropriate use.!!

Thus, we conducted a population-based study using a province-
wide administrative database to compare antibiotic consumption
across ICUs in Ontario, Canada. We also sought to explain the
variation in antibiotic consumption using ICU and patient factors
and to describe the pattern of antibiotic consumption over time.

Methods
Study design

We performed a retrospective cohort study of patients admitted to
an ICU using data available from January 1, 2013, to June 30, 2016,
included in Ontario’s Critical Care Information System (CCIS) at
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the time of study. The CCIS is a comprehensive province-wide
administrative database that includes information on critical care
access, quality of care, and outcomes. The database includes all
adult ICUs in Ontario, a Canadian province with population
~14.2 million.'® Thus, this study can be considered population
based. The study received approval from the Sinai Health System
Research Ethics Board.

The following information from the CCIS database was made
available: patient age and gender, ICU admission and discharge
date, ICU admission source and discharge destination, number
of antibiotics used per day, daily multiple organ dysfunction score
(MODS), ventilatory status, central venous catheter (CVC) status,
ICU level, ICU type, and affiliated hospitals.

ICU characteristics

ICUs were characterized into 3 major categories. The first category
was ICU type: “medical-surgical” includes medical, surgical, or
mixed patients and “other” includes coronary care units (CCU),
cardiovascular ICUs (CVICU), burn units, and transplant units.
The second category was level of support: level 2 units are capable
of supporting a single failed organ system, short-term noninvasive
ventilation or postoperative care; and level 3 units are capable of
supporting the highest level of care including >1 failed organ sys-
tem and invasive mechanical ventilation. The third category was
academic status, which could be either academic or community-
based, according to the designation by the Council of Academic
Hospitals of Ontario.!® Hospitals with academic status conduct
research and provide training to medical students and residents.

Patient characteristics

The cohort was restricted to patients who were >18 years of age.
Patient factors included severity of illness, level of ventilator sup-
port, and the use of a central venous catheter (CVC). Severity of
illness was defined using the MODS on admission; patients were
separated into quartiles, according to the original study using
MODS.? Ventilator support included whether the patient received
supplemental oxygen, noninvasive positive-pressure ventilation,
or invasive mechanical ventilation at any point during the ICU
stay. CVC status referred to whether or not the patient received
a CVC at any point during the ICU stay. ICU length of stay
(LOS) in days was calculated by ICU discharge date subtracting
ICU admission date.

Antibiotic consumption

Antibiotic consumption was measured in days of therapy (DOT)
per 1,000 patient days both at the patient and ICU levels, according
to the previously validated method.?! We chose the DOT method
because our database allowed for such calculation, and DOT has been
endorsed as the best measure of antimicrobial consumption.?*??
Monthly antibiotic consumption across all ICUs was also calculated
using DOT per 1,000 patient days. Information on names and doses
of antibiotics is not available in the CCIS database. We excluded
patients who had missing antibiotic information or had received
antibiotics for one day or less in the database. Because this missing
data accounted for only 0.3% of the overall data, a sensitivity analysis
was not performed.

Statistical analyses

Descriptive statistics were presented as counts, proportions, medi-
ans, and interquartile ranges (IQR), and means and standard
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Table 1. Baseline Patient Demographics

All Patients
Characteristics (n = 479,336)
Age, mean y * SD 65 + 17
Men, no. (%) 281,041 (58.8)
MODS, median (IQR) 2 (0-4)
ICU length of stay, median d (IQR) 3(2-5)

Source of ICU admission, no. (%)

ED or home 191,621 (40.0)
Inpatient® 154,063 (32.1)
Postoperative 130,038 (27.1)
Others® 3,614 (0.8)

ICU discharge disposition, no. (%)

Inpatients 356,177 (74.3)
Home 85,787 (17.9)
Deceased 35,580 (7.4)
Others 1,792 (0.4)

Note. SD, standard deviation; IQR, interquartile range; MODS, multiple-organ dysfunction
score; ED, emergency department; ICU, intensive care unit.

2Inpatient ward: another ICU, another hospital, complex continuing care facility,
rehabilitation facility.

bOther ward: long-term care facility, outside province, unspecified.

deviations (SD), as appropriate. Coefficient of variation (CV), cal-
culated by SD divided by mean, was used to measure the extent of
variation in antibiotic use. Statistical analyses were performed
using R version 3.5.2 software (R Core team, Vienna, Austria).

Univariable and multivariable linear regression analyses were
used to assess the effect of ICU factors (level, type, and academic
status) on the antibiotic use in DOT per 1,000 patient days across
all ICUs. For patient factors, MODS on ICU admission were trans-
formed to mean MODS; ventilatory status was transformed to per-
centage of patients on room air; and CVC status was transformed
to percentage of patients without a CVC. As such, only univariable
linear regression analysis was performed to assess the effect of each
transformed patient factor on the antibiotic use in DOT per 1,000
patient days across all ICUs. Finally, multivariable linear regression
was used to assess the effect of ICU and patient factors on the varia-
tion of antibiotic use in DOT per 1,000 patient days. Interaction
effect was examined among the independent variables and in
the final multivariable linear regression model.

Results
Patient and ICU demographics

During the study period, there were 479,336 unique ICU patient
admissions, resulting in a total of 2,013,397 ICU patient days. In
total, 201 ICUs in 109 hospitals were included; 66 hospitals had
1 ICU and 43 hospitals had >2 ICUs. Patients were transferred
to the ICU from the emergency department (ED; 40.0%), an
inpatient ward (32.1%), or from the operating room (27.1%).
The median length of stay in an ICU was 3 days (IQR, 2-5).
The overall ICU mortality rate was 7.4% (Table 1).

Overall antibiotic use in ICUs

The overall proportion of patients who received antibiotic therapies
while in an ICU was 56.2% (n = 269,351). The median duration of
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Table 2. Variation in Antibiotic Use across ICUs by ICU Factors and Univariable Linear Regression by Individual ICU Factors

ICU type
Medical-surgical 150 (74.6) 607 + 264 0.38 <.0001 0.18
Others 51 (25.4) 410 + 281 0.69

ICU level
Level 2 107 (53.2) 513 £ 292 0.57 <.0001 0.16
Level 3 94 (46.8) 751 + 244 0.32

ICU status
Community 134 (66.7) 615 + 281 0.46 54 0.00
Academic 67 (33.3) 643 + 324 0.50

Note. ICU, intensive care unit; SD, standard deviation; CV, coefficient of variation; Adj R?, adjusted R2.
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antibiotic use was 3 days (IQR, 2-5). At the ICU level, the mean
antibiotic consumption was 624 + 295 DOT per 1,000 patient days.
We detected extensive variation in antibiotic use across ICUs; the
coefficient of variation (CV) was 0.47 (Fig. 1).

Factors associated with variation in antibiotic use across
ICUs and ICU factors

When comparing the mean antibiotic DOT per 1,000 patient days
by ICU levels, antibiotic use was significantly higher in ICUs clas-
sified as medical-surgical than in “other” ICUs (P < .0001) and in
level 3 ICUs than in level 2 ICUs (P < .0001) (see Supplemental

https://doi.org/10.1017/ice.2020.217 Published online by Cambridge University Press

]
-
-
Fig. 1. Variation in antibiotic use across intensive care units
(ICUs) by quartile. Each dot represents an individual ICU
1060/ shown on the x-axis, arranged in the order of increasing anti-
o

biotic use measured in antibiotic days of therapy (DOT) per
1,000 patient days (PD) shown on the y-axis.

Table 1 online for the breakdown of antibiotic use in “other”
ICUs). Antibiotic use was not significantly different between com-
munity and academic ICUs (P = .53). Comparing to the CV of
overall antibiotic use, variation in antibiotic use was higher in
“other” ICUs and level 2 ICUs, and it was lower in medical-surgical
ICUs and level 3 ICUs (Table 2).

To determine whether the ICU factors could explain the varia-
tion in antibiotic use across ICUs, we performed a univariable lin-
ear regression analysis. ICU type and ICU level but not ICU status,
explained some of the variation in antibiotic use (18% and 16%,
respectively; Table 2a). When we combined ICU type and ICU
level to account for the variation in antibiotic use, we found that
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Table 3. Variation in Antibiotic Use across ICUs by Patient Factors

MODS on admission?

0 140,275 (30.0) 454 + 773 1.7 <.0001
1-4 210,125 (45.0) 698 + 855 1.2
5-8 93,916 (20.0) 896 + 851 0.9
>9 22,543 (4.8) 1032 + 957 0.9
Ventilatory status®
RA 109,781 (22.9) 381 + 748 2.0 <.0001
Supplementary 199,980 (41.7) 641 + 854 13
Noninvasive 33,091 (6.9) 899 + 869 1.0
Invasive 136,484 (28.5) 923 + 847 0.9
CVC status®
No 296,342 (61.8) 540 + 822 15 p<0.0001
Yes 182,994 (38.2) 906 + 859 0.9

Note. ICU, intensive care unit; SD, standard deviation; CV, coefficient of variation; MODS, multiple organ dysfunction score; RA, room air; CVC, central

venous catheter.
2Total may not sum to 479,336, due to missing values.

Table 4. Multivariable Linear Regression of Antibiotic Use by ICU and Patient Factors

(Intercept) 536 (447-625) NA <.0001 0.47
Medical-surgical 295 (225-364) 1.0 <.0001

Level 3 98 (28-168) 13 .006

Percentage of RA —6.3 (-8 to —5) 1.3 <.0001

Note. Cl, confidence interval; VIF, variance inflation factor; Adj R?, adjusted R% RA, room air.

these 2 ICU factors together explained 32% variation in antibiotic
use across ICUs (Supplemental Table 2 online).

Patient factors

Patient factors including MODS, level of ventilatory support, and
CVC status were associated with differences in antibiotic use.
Specifically, a higher-quartile MODS on admission was associated
with higher antibiotic use (P < .0001); higher degrees of support,
including the need for ventilation or for CVC, were both associated
with higher antibiotic use (P < .0001). Variation in antibiotic use
was the highest in the least sick patients characterized as a MODS
of 0 on admission, no ventilatory support or no CVC; this variation
decreased as the severity of illness or level of support increased
(Table 3).

To determine whether patient factors could explain the varia-
tion in antibiotic use across ICUs, we performed a univariable
linear regression model using each patient factor. Some of the
variation in antibiotic use occurred in MODS (23%), ventilation
status (25%) and CVC status (15%) (Supplemental Table 3 online).
Because the calculation of MODS included ventilatory status
(PaO,/FiO,) and cardiovascular status (pressure-adjusted heart
rate), MODS was correlated with ventilation and CVC status. As
such, multivariable linear regression analysis was not performed
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due to the degree of correlation among these independent
variables.

Finally, we combined ICU and patient factors to account for the
variation in antibiotic use. The patient factor chosen in this analysis
was ventilatory status because it accounted for the most variation
in antibiotic use from the univariable linear regression analysis.
The variance inflation factor (VIF) was close to 1, which implies
that there was minimal multicollinearity among the examined
ICU and patient factors. The interaction effect among the exam-
ined ICU and patient factors was also minimal (Supplemental
Fig. 1 online). Also, 47% of variation in antibiotic use could be
explained by the ICU and patient factors (Table 4). The result
remained the same when the interaction terms were applied in
the final regression model.

Pattern of antibiotic use over time

To examine the pattern of antibiotic use over time, we calculated
monthly antibiotic DOT per 1,000 PD across all ICUs. The anti-
biotic use appeared stable over time (Fig. 2).

Discussion

We evaluated antibiotics use across 201 ICUs in Ontario, Canada,
over 42 months. More than half of patients received at least 1
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Fig. 2. Pattern of antibiotic use over time. During the study period, the pattern of antibiotic consumption appeared stable. Monthly antibiotic consumption measured
in days of therapy (DOT) per 1,000 patient days (PD) is represented by the individual bar on the y-axis. Antibiotic consumption in January 2013 was not included in this

analysis.

antibiotic during their ICU stay, and the overall mean use was
624 DOT per 1,000 patient days (range, 3-1460). ICU factors asso-
ciated with higher antibiotic use included medical-surgical and
level 3 ICUs. Patient factors associated with higher antibiotic
use included greater severity of illness and support through the
use of mechanical ventilation and CVCs. There was substantial
variation in antibiotic use across ICUs, but only about half of this
variation was explained by the ICU and patient factors available in
the data set.

Overall, our results are comparable to the results reported in the
national statistics for ICU mortality rate (7.4% vs 9.0%, respec-
tively), ICU length of stay (3 days vs 3 days, respectively), and
use of invasive ventilation (28% vs 33%, respectively).?* Among
acute-care hospitals in other studies, antibiotic consumption is
unexpectedly lower in the ICUs. For example, in one study of
130 US hospitals, 59% of patients received antibiotics and the mean
antibiotic consumption was 790 DOT per 1,000 patient days.?* In
another study of 35 US acute-care hospitals, 64% of patients
received antibiotics and the mean antibiotic consumption ranged
from 798 DOT per 1,000 patient days in 2002 to 855 DOT per
1,000 patient days in 2006.! One potential reason for this difference
is that more single-agent broad-spectrum antibiotics may be used
in ICU patients rather than 2 or more narrower-spectrum antibi-
otics used in non-ICU patients. However, data on aggregate anti-
biotic use in the adult ICU setting are limited. One study reported
that in 40 German ICUs, the median antibiotic use was 1,351
defined daily dose (DDD) per 1,000 patient days with a range of
427 to 2,798 over a 4-year period.?® Defined by the World
Health Organization, DDD is calculated based on actual adminis-
tered doses compared with a standard dose and frequency of a drug
administered daily; thus, it is affected by the frequency and mag-
nitude of daily dosing.”” The apparently higher antibiotic use in
German ICUs than in US ICUs may be explained by using
DDD rather than DOT as the metric of antibiotic consumption.
In addition, other explanations for the disparities may be the focus
on academic ICUs and the possibility of data skewing.?® Finally, a
recent study reported that in a large academic ICU, the antibiotic
use was 1,232 DOT per 1,000 patient days over a 4-year period.?®
Our results corroborate this finding when considering our ICUs
with similar characteristics.

The substantial variation of antibiotic use in ICUs is consistent
with our current understanding of antibiotic prescribing variation
in long-term care institutions, nursing homes, and acute-care
hospitals.!*!*1¢ After accounting for differences in ICU and patient
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factors, the variation in antibiotic use remains. This finding
suggests that there may be regional or cultural factors that might
explain the variation. It is widely accepted that unnecessary antimi-
crobial overuse and misuse put patients at risk of developing
antibiotic-resistant infections, C. difficile infections, and noninfec-
tious drug-related adverse effects in addition to incurring inappro-
priate hospital costs.>* On the other hand, inadequate antimicrobial
use exerts selection pressure for resistant pathogens and also puts
patients at risk of developing antibiotic resistance in addition to
increased patient mortality.>*® The wide variation in antibiotic
use across ICUs highlights the need for creating effective interven-
tions to reduce any inappropriate antibiotic use.!'*! Therefore,
benchmarking ICUs and identifying those with inappropriate
antimicrobial consumption represent an important target for anti-
microbial stewardship.

Furthermore, the stability of antibiotic consumption in ICUs
observed in our study over 3.5 years is unsurprising; 3.5 years is
a rather short time period to expect province-wide change in anti-
microbials without a concerted quality improvement plan. In con-
trast, antibiotic consumption in acute-care hospitals has been
increasing over time, mainly driven by the increasing use of
broad-spectrum antibiotics.!*? Although antibiotic use appeared
low in the early study period, we suspect this apparent increase
in use was due to data system adaptation by end users. The first
month of antibiotic collection was excluded in our analyses
because the database likely did not capture all the admissions or
antibiotics during the month.

Our data set includes all the ICUs in Ontario, a province with a
population of >14 million,'” and we observed wide variation of
antibiotic use across adult ICUs in our cohort. However, our study
has several limitations that merit consideration. First, because it is a
retrospective study using an administrative database, information
on antibiotic name and dose was not available. As such, we pre-
sented aggregated antibiotic use rather than use by antibiotic class,
so we cannot make inferences regarding different classes of broad-
versus narrow-spectrum antibiotics. Because our study compared
the overall antibiotic use across ICUs on a large scale and used
DOT method for antibiotic measurement, the lack of specific anti-
biotic information would not affect the overall conclusion of the
study. Also, because information on patients’ complete demo-
graphics and comorbidities were not available in the database, they
could not be used to account for the variation in antibiotic use in
the regression analysis. Second, inherent systematic biases exist
in administrative data sets, but we do not anticipate that these
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affected our conclusions, especially because they are based on few
numerical fields. Third, CCIS does not capture the indications for
antibiotic use. We presumed that the therapy was used either for
treatment of infections or for prophylaxis. Also, information on
antibiotic use in the emergency department was not available in
the data set, so patients in ICUs who were on antibiotics either
started the therapy elsewhere (emergency department, ward, and
so on) or while in an ICU. So we could not evaluate the appropri-
ateness in these individual cases. However, by excluding patients
who were on antibiotic for <1 day, we were able to avoid including
any patients who received antibiotics for perioperative prophylaxis
or empirically in the case of undifferentiated cause at presentation
in emergency department.

Several unanswered questions remain to be addressed in future
studies. First, ICU and patient factors examined in our study only
partially explained the variation in antibiotic use in ICUs, sug-
gesting that additional factors need to be identified to account
for the remaining variation. In particular, understanding how
modifiable factors such as physicians’ prescribing pattern in
ICUs and ICU regulatory policies impact antibiotic use would
be valuable as they present opportunities for change.*> Second,
wide variation exists in the amount of antibiotic use across
ICUs, and it is unclear if whether variation exists in the duration
of antibiotic use and whether such variation contributes to the
inappropriate use at the ICU level. Further, although ASPs are
associated with reduced antibiotic consumption and costs in some
academic ICUs,!! this finding can be further validated on a large
scale in academic and community ICUs. Similar studies can be per-
formed using more recent data in the future and to evaluate the
trend of antibiotic use over a period when ASPs are more widely
implemented. Newly implemented ASPs should consider applying
the established criteria when evaluating the appropriateness of
antibiotic consumption.*** Finally, although the ICUs in our
study are representative of the ICUs in Canada, we look forward
to future studies that examine the differences in antimicrobial
use across ICUs in other countries.

In conclusion, we detected wide variation in antibiotic use
across all adult ICUs, which was only partially explained by
ICU and patient characteristics. This variation in antibiotic use
represents a target for antimicrobial stewardship to intervene
and regulate its use but also for future research to evaluate other
factors that may contribute to this variation. Seasonal fluctuation
in antibiotic use suggests other strategies for intervention, such as
enhanced vaccination development and adoption. The results of
this study provide insights for clinicians and policy makers
involved in improving ICU care and monitoring resource utiliza-
tion to ensure that the right patients get the right antibiotics at the
right time.
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