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Abstract

Objectives: To evaluate the pattern of blood-culture utilization among a cohort of 6 hospitals to identify potential opportunities for diagnostic
stewardship.

Methods:We completed a retrospective analysis of blood-culture utilization during adult inpatient or emergency department (ED) encounters
in 6 hospitals fromMay 2019 to April 2020. We investigated 2 measures of blood-culture utilization rates (BCURs): the total number of blood
cultures, defined as a unique accession number per 1,000 patient days (BCX) and a newmetric of blood-culture events per 1,000 patient days to
account for paired culture practices. We defined a blood-culture event as an initial blood culture and all subsequent samples for culture drawn
within 12 hours for patients with an inpatient or ED encounter. Cultures were evaluated by unit type, positivity and contamination rates, and
other markers evaluating the quality of blood-culture collection.

Results: In total, 111,520 blood cultures, 52,550 blood culture events, 165,456 inpatient admissions, and 568,928 patient days were analyzed.
Overall, the mean BCUR was 196 blood cultures per 1,000 patient days, with 92 blood culture events per 1,000 patient days (range, 64–155
among hospitals). Furthermore, 7% of blood-culture events were single culture events, 55% began in the ED, and 77% occurred in the first
3 hospital days. Among all blood cultures, 7.7% grew a likely pathogen, 2.1%were contaminated, and 5.9% of first blood cultures were collected
after the initiation of antibiotics.

Conclusions: Blood-culture utilization varied by hospital and was heavily influenced by ED culture volumes. Hospital comparisons of blood-
culture metrics can assist in identifying opportunities to optimize blood-culture collection practices.

(Received 27 January 2022; accepted 20 April 2022; electronically published 8 August 2022)

Blood cultures are an important clinical diagnostic test used to
identify bacteremia and guide treatment decisions.1 However,
inappropriate blood-culture collection techniques and overtesting
can cause harm and excess use of healthcare resources and may
result in misdiagnosis. For example, blood-culture contamination
events lead to prolonged hospitalization, excess use of laboratory
resources, misdiagnosis of central-line–associated bacteremia
(CLABSI), and empiric use of high-risk antibiotics such as vanco-
mycin2 Historically, determining which patients are at high risk for
developing bacteremia has been difficult, and clinicians generally
have a low threshold for ordering blood cultures as part of routine
care, particularly since the Centers for Medicare and Medicaid
SEP-1 Core Measure was put into practice.3–5 Optimizing the
use of blood cultures is crucial for the detection of bacteremia while
reducing overuse of antibiotic therapy or other potential harms.2

Few studies have quantified utilization rates and, of those that have,
many are limited to a specific patient population.1,6–9 Additionally,
existing expert consensus recommendations do not include

recommendations for when blood cultures should be obtained
nor are they widely used or based on strong evidence. As a result,
few hospitals routinely analyze blood-culturing practices as an area
for improvement.8 In this study, we aimed (1) to pilot test different
blood-culture utilization metrics to identify opportunities for diag-
nostic stewardship among 6 hospitals and (2) to provide hospital
comparisons that could contribute to hypothesis generation in
future targeted studies.

Methods

Study population

We performed a multicenter retrospective analysis of blood-
culture utilization in a limited data set previously collected for a
clinical trial at 6 hospitals in the southeastern United States.10

Study sites included 1 large, academic, medical center (hospital
A) and 5 community hospitals (B–F) from May 2019 to April
2020. Analyses included unique sets of blood cultures drawn dur-
ing inpatient or emergency department (ED) encounters as desig-
nated by National Healthcare Safety Network (NHSN) unit
mapping.11 Only the academic medical center reported blood cul-
tures from pediatric patients, the majority of which were single
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cultures, in contrast with paired culturing practice in adults
(Supplementary Fig. 1 online). As a result, we excluded patients
<18 years of age from hospital-level analyses. This exclusion
affected 11% of total blood-culture events (range, 0%–19% per
hospital). We excluded cultures drawn in procedural or outpatient
areas as well as those with unmapped collection locations.

Outcomes

We investigated 2 measures of blood-culture utilization. First, the
hospital-level blood-culture utilization rate (BCUR) was defined as
the total number of blood-culture sets per 1,000 patient days
(BCX), a previously recommended metric.2,4–6 We defined a
BCX by unique laboratory accession number, which we interpreted
as a set of at least 1 anaerobic and 1–2 aerobic bottles procured
through a single venipuncture or during 1 catheter draw.

Second, we developed and evaluated a new metric of BCUR
defined as blood-culture events per 1,000 patient days (BCE).
We aimed to better differentiate single-culture events (in which
only a single blood-culture set was drawn), which is discouraged
as a practice due to reduced yield as well as difficulty in interpre-
tation of contaminants.We defined a blood-culture event as an ini-
tial blood-culture set and all subsequent blood-culture sets drawn
within 12 hours of the initial collection time. We included patients
with an inpatient or ED encounter.

Bothmetrics were used to describe utilization by unit, day of the
week, month, and age group. We measured blood-culture events
per admission, blood-culture events with only a single culture
set, the percentage of blood-culture events that began in the ED,
and the proportion of inpatient admissions with a blood-culture
event. At the blood-culture set level, we measured the number
of blood cultures collected after the initiation of antibiotics, the
number of follow-up blood-culture sets collected after the initia-
tion of antibiotics, and the percentage of blood-culture sets that
were positive or contaminated with common skin commensals.

Definitions

We defined patient days, inpatient locations, and unit-type per
NHSN methods.12 We limited hospital-level utilization estimates
to exclude procedural, operating, and perioperative, behavioral,
rehabilitation, and psychiatric units. Inpatient admission was
defined as a distinct encounter that included at least 1 calendar
day on an inpatient unit. Blood-culture sets were defined by a

unique laboratory accession number. Guidelines for paired
blood-culture sets were defined as blood-culture sets taken within
1 hour of another blood culture set based on date and time of
collection. Single-culture sets were blood-culture sets taken with-
out another blood-culture set within a 12-hour period. Positive
blood-culture sets were defined as blood-culture sets reported
as (1) positive for an organism considered to be a pathogen or
(2) positive for a common skin commensal in 1 of 1 (or more)
blood-culture sets collected on separate date and time occasions
using the NHSN common commensals list.13 Contaminated blood
cultures were defined as only 1 of 2, 3, or more blood culture sets
collected in the same calendar day positive for a common skin
commensal; they were not identified from a second (or more)
blood-culture set on separate date and time occasions.

Statistical approach

Comparisons included χ2 for categorical variables and t tests for
continuous (if normal) variables and Wilcoxon for continuous
(nonnormal) variables. A P value of <.05 was considered signifi-
cant, all statistical tests were 2-tailed, and all testing was completed
using SAS version 9.4 software (SAS Institute, Cary, NC). The
study was reviewed and approved by the Duke University institu-
tional review board.

Results

Hospital size ranged from 247 to 977 beds. All hospitals were in the
southeastern United States; 4 hospitals were classified as urban and
2 as rural (Supplementary Table 1 online). Also, 3 hospitals had
oncology units and 2 had bone-marrow transplant units. The
median hospital length of stay was 2 days (IQR, 1–4). In total,
111,520 blood-culture sets, 52,550 blood-culture events, 165,456
inpatient admissions, and 568,928 patient days were analyzed.
Overall, the BCUR for all hospitals was 196.0 blood-culture sets
per 1,000 patient days using the BCX definition, and 92.4 blood
culture events per 1,000 patient days using the BCE definition
(Fig. 1). Themedian number of blood-culture events per encounter
was 1 (range, 1–31); 7% were single-culture events; 55% began in
the ED; and 77% occurred in the first 3 hospital days (Table 1).
At the blood-culture set level, 7.7% of blood-culture sets were pos-
itive; 2.1% were likely contaminated; 5.9% of first blood-culture
sets were collected after the initiation of antibiotics with a median
of 7 hours (IQR, 1–42); and 30.2% of cultures were follow-up

Fig. 1. Blood-culture utilization rate by hospital.
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cultures after a prior blood culture and initiation of antibiotics
(Table 2). Of all positive blood-culture sets, 31.6% were positive
for Staphylococcus aureus; 18.6% were positive for Escherichia coli;
7.8% were positive for Klebsiella pneumoniae; 5.6% were positive
for Enterococcus faecalis; 4.4% were positive for Pseudomonas
aeruginosa; and 31.9% were positive for other species.

Hospital-level analyses

The BCUR using the BCX definition varied between hospitals;
the lowest occurred in hospital E and the highest in hospital C.
Less extreme variation was seen using the BCE definition (Fig. 1).
Most patients had a single blood-culture event per admission, which
was similar between hospitals though there was a long outlier at hos-
pital A (31 cultures in a single admission). The percentage of single-
culture sets varied by hospital (range, 2%–12%). Notably, the high
outlier hospital in BCUR (C) also had the lowest rate of single blood-
culture sets. More than 50% of blood-culture events began in the ED
in all but hospitals A and E (Table 1). Blood-culture positivity rates
varied among study hospitals (range, 4.5%–9.0%) as well as the rate
of contaminated cultures (range, 1.3%–3.2%). At the hospital level,
the proportions of the 5 speciesmost frequently identified in positive
blood-culture sets were similar to those of the overall results (in
descending order): S. aureus, E. coli, K. pneumoniae, E. faecalis,
and P. aeruginosa. However, at hospital C, E. coli ranked number
1 followed by S. aureus. The proportion of first blood-culture sets
ordered after the initiation of antibiotics was similar between
hospitals (range, 3.5%–8.5%) except for a relatively high value at
hospital E. The percentage of follow-up blood-culture sets collected
after the initiation of antibiotics varied greatly between hospitals
(range, 17.8%–40.7%) (Table 2).

Unit-level analyses

The highest BCURs occurred in intensive care units followed
by oncology and transplant units, medical and surgical units,
mixed acuity units, and labor and delivery units (Figs. 2 and 3).
This remained consistent overall. At hospital C, a high BCUR

was noted in the labor and delivery unit, which upon investigation
was a mislabeled medical-surgical unit (Fig. 2). The percentage of
contaminated blood-culture sets among all blood cultures was the
highest in the ED (2.8%), followed by intensive care units (1.5%),
medical-surgical units (1.1%), oncology and transplant units
(1.1%), mixed acuity units (1.1%), and labor and delivery units
(0.6%). Among contamination events, most occurred in the
ED (77%), followed by medical-surgical units (10%), intensive care
units (9%), oncology and transplant units (3%), mixed acuity units
(1%), and labor and delivery units (0.7%). The percentage of single
culture-blood culture events was high in general oncology and
hematology units (24%) and very high in stem-cell transplant units
(60%) (Fig. 3).

Time-based analyses

Overall, a higher number of BCEs occurred on Mondays and a
lower number on weekends (Supplementary Fig. 2 online).
However, when stratified, this pattern remained for ED blood cul-
tures but not for non-ED units where blood cultures remained sta-
ble between days of the week. When observing BCURs by month,
no seasonal patterns were observed (Supplementary Fig. 3).

Discussion

In this study, we evaluated the pattern of blood-culture utilization
using multiple metrics among a cohort of 6 hospitals to identify
potential opportunities for diagnostic stewardship and to provide
hospital comparisons that could contribute to hypothesis genera-
tion in future studies. Our analyses revealed distinct patterns that
may highlight specific practice areas in which individual hospitals
might focus improvement efforts toward optimizing when and
how to obtain blood cultures. For example, the frequency of single
blood-culture events was relatively high at 3 of 6 study hospitals,
and especially in oncology and stem-cell units at hospital A.
At hospital E, a larger proportion of blood cultures were ordered
after antibiotic therapy initiation compared to other hospitals,
which is known to reduce culture sensitivity.14 For some hospitals,

Table 1. Blood Culture Event Data by Hospital

Variable

Hospital A,
(N= 20,883),

No. (%)

Hospital B,
(N= 3,592),
No. (%)

Hospital C,
(N= 3,954),
No. (%)

Hospital D,
(N= 6,307),
No. (%)

Hospital E,
(N= 8,606),
No. (%)

Hospital F,
(N= 9,208),
No. (%)

Overall,
(N= 52,550),

No. (%)

Median blood-culture events per encounter (range) 1 (1–31) 1 (1–5) 1 (1–5) 1 (1–6) 1 (1–11) 1 (1–6) 1 (1–31)

Single culture blood culture events 2,489 (12) 220 (6) 61 (2) 231 (4) 275 (3) 318 (3) 3,594 (7)

Blood-culture events beginning in the emergency department 7,952 (38) 2,637 (73) 2,434 (62) 4,702 (75) 4,056 (47) 7,204 (78) 28,985 (55)

Blood-culture events in the first 3 hospital days 12,950 (62) 3,344 (93) 3,647 (92) 5,622 (89) 6,401 (74) 8,436 (82) 40,400 (77)

Table 2. Blood Culture Data by Hospital

Variable

Hospital A,
(N= 41,365),

No. (%)

Hospital B,
(N= 7,585),
No. (%)

Hospital C,
(N= 13,625),

No. (%)

Hospital D,
(N= 13,356),

No. (%)

Hospital E,
(N= 17,162),

No. (%)

Hospital F,
(N= 18,427),

No. (%)

Overall,
(N= 111,520),

No. (%)

Positive blood cultures 3,481 (8.4) 343 (4.5) 954 (7.0) 1,203 (9.0) 1,537 (9.0) 1,065 (5.8) 8,583 (7.7)

Contaminated blood cultures 626 (1.5) 145 (1.9) 418 (3.1) 425 (3.2) 216 (1.3) 467 (2.5) 2,297 (2.1)

Initial blood cultures collected after initiation of
antibiotics

2,476 (5.9) 403 (5.3) 480 (3.5) 756 (5.7) 1,454 (8.5) 1,027 (5.6) 6,596 (5.9)

Follow-up blood cultures collected after initiation of
antibiotics

16,931 (40.7) 1,347 (17.8) 3,103 (22.8) 2,361 (17.7) 5,541 (32.3) 4,345 (23.6) 33,628 (30.2)
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Fig. 3. Proportion of single culture-blood culture events by unit type.

Fig. 2. Blood-culture utilization rate by hospital and unit type. Note. NHSN units were condensed into 5 general labels for ease of visualization. *Indicates the mislabeled unit at
hospital C as labor and delivery, which was actually being used for surgery overflow.
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most blood-culture events occurred in their higher-volume EDs,
and these hospitals also had higher overall contamination rates.
These findings demonstrate that hospital-level comparisons are
helpful for identifying high-yield diagnostic stewardship targets
and that the Eds may be a particular area for improvement.

Our results differed from the analysis by Chen et al15 of blood-
culture utilization at an academic medical center. Using the BCX
metrics, their study determined an overall BCUR of 307.7 sets per
1,000 patient days compared to our findings of 196.0 blood cultures
per 1,000 patient days. This difference is likely due to the data of
Chen et al including a much higher proportion of blood cultures
taken from the oncology unit (25.9%) compared to our study
(5.9%).15 This difference emphasizes the need to compare
BCURs between hospitals to identify unique patterns targetable
for antimicrobial stewardship or otherwise. However, our results
were similar to the findings of Willems et al7 of 103–188 per
1,000 patient days at 5 Belgian hospitals.7

Additionally, our positivity and contamination rates, overall
and at the hospital level, are similar to those of several previous
studies, and they fell within expected ranges of 7%–9% and
2%–3%, respectively.1,3,8,9,15 Overall and at the hospital level, the
proportions of species identified in positive blood-culture sets were
similar to those reported in a previous study.16 Several metrics used
in this study, such as BCE and BCUR by month, are novel. Also,
descriptive data regarding monthly BCURs have been limited to
pediatrics in prior literature.17,18 To our knowledge, this study is
the first descriptive, multicenter study to include analyses at the
hospital level with comparisons that revealed practice patterns.
We proposed a novel blood-culture utilization metric using
blood-culture events instead of raw blood-culture sets to better
differentiate single-culture events, which is discouraged as a prac-
tice due to reduced yield as well as difficulty in interpreting con-
taminants. For example, using both metrics allowed us to
identify hospital C, which consistently used paired culture practi-
ces while having relatively high utilization rates.

Our study had several limitations. These analyses were com-
pleted on an existing data set from a previous study of antibiotic
de-escalation and included 6 hospitals from the southeastern
United States, whichmay not be generalizable to other practice set-
tings. Also, we included ED blood cultures in the numerator with-
out a corresponding patient day in the denominator, whichmade it
more difficult to directly compare to previous studies and consen-
sus statements. However, our data suggest that more opportunities
for optimization of blood-culture use occurred in the ED, so
excluding this practice area from analyses would limit the ability
to evaluate the highest volume area of blood-culture use in the hos-
pital. If not included in hospital-level rates, then ED-specific met-
rics (eg, BCXs per ED visit) and comparisons may provide an
alternative method of evaluating this important practice area.
Like any hospital comparisons, many potential factors (eg, case
mix, specialty care) can influence blood-culture metrics, and we
did not comprehensively investigate such factors because the
aim of this pilot study was largely descriptive and our data set
was not large enough. Additionally, we were unable to assess
whether cultures were drawn from catheters or peripherally.
Lastly, pediatric patients were excluded from our analyses due
to limited pediatric data in our cohort. We believe that dedicated
study of pediatric blood-culture utilization and hospital compari-
sons would be necessary because blood-culture ordering practices
and standards differ considerably from adults.

In conclusion, blood-culture utilization varied by hospital and
unit and was heavily influenced by ED culture volumes and

practices. Comparisons among hospitals may assist in identifying
opportunities to optimize blood-culture ordering and collection
practices as well as targets for stewardship teams. Additionally,
hospital comparisons allow stewards to acknowledge differences
in blood-culture utilization targets due to disparate patient popu-
lations and hospital characteristics. Once opportunities are identi-
fied, stewards can then act based on previous recommendations
(eg, reducing single blood cultures and determining true positives
vs contamination).19,20 These comparisons also highlight variation
in blood-culture order practices, which has implications for clinical
surveillance methods that rely on blood-culture orders as an
objective marker of suspected infection. Our study also successfully
provided hospital comparisons that did and will continue to lead
to hypothesis generation for future studies. Future studies
should prioritize larger, multicenter comparisons and should
work toward better understanding how comparative blood-culture
utilization data may be useful for identifying and tracking practice
improvements.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2022.191
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