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Background. Respiratory cultures are often obtained as part of a “pan-culture” in mechanically ventilated patients in response
to new fevers or leukocytosis, despite an absence of clinical or radiographic evidence suggestive of pneumonia.

Methods. This was a propensity score–stratified cohort study of hospitalized mechanically ventilated adult patients between
2014 and 2019, with a new abnormal temperature or serum white blood cell count (NATW), but without radiographic evidence
of pneumonia, change in ventilator requirements, or documentation of purulent secretions. Two patient groups were compared:
those with respiratory cultures performed within 36 hours after NATW and those without respiratory cultures performed. The
co-primary outcomes were the proportion of patients receiving .2 days of total antibiotic therapy and .2 days of broad-
spectrum antibiotic therapy within 1 week after NATW.

Results. Of 534 included patients, 113 (21.2%) had respiratory cultures obtained and 421 (78.8%) did not. Patients with
respiratory cultures performed were significantly more likely to receive antibiotics for .2 days within 1 week after NATW than
those without respiratory cultures performed (total antibiotic: adjusted odds ratio [OR], 2.57; 95% CI, 1.39–4.75; broad-
spectrum antibiotic: adjusted OR, 2.47, 95% CI, 1.46–4.20).

Conclusions. Performance of respiratory cultures for fever/leukocytosis in mechanically ventilated patients without increasing
ventilator requirements, secretion burden, or radiographic evidence of pneumonia was associated with increased antibiotic use
within 1 week after incident abnormal temperature and/or white blood cell count. Diagnostic stewardship interventions
targeting performance of unnecessary respiratory cultures in mechanically ventilated patients may reduce antibiotic overuse
within intensive care units.
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Indiscriminate antibiotic use is a leading cause of adverse drug
events and a catalyst for the emergence of multidrug-resistant or-
ganisms (MDROs), which account for 2.8 million infections and
37 000 deaths annually in the United States [1, 2]. Antimicrobial
stewardship programs are instrumental in curbing antibiotic over-
use, but their reach into intensive care units (ICUs)—where anti-
biotic resistance is most prevalent and problematic—has been
limited [3–5]. Treatment for suspected respiratory infection—in
particular, ventilator-associated pneumonia (VAP)—accounts

for 50%–70% of antibiotic use within intensive care units [6–9].
Studies usingmultidisciplinary expert case review or autopsy find-

ings as reference gold standards for pneumonia diagnosis demon-

strate that a substantial number of ICU patients treated for VAP

are misdiagnosed, resulting in excessive antimicrobial exposures,

adverse drug events, and generation of MDROs [10–13].
Efforts to reduce VAP antibiotic overuse have predominant-

ly focused on therapeutic processes—specifically antibiotic de-

escalation or discontinuation strategies—in established VAP

cases [14–22]. Comparatively little attention has been given

to stewardship approaches targeting the diagnostic testing path-

way for VAP, particularly the practice of obtaining respiratory

cultures. Positive respiratory cultures inform the diagnostic

probability of VAP but are not synonymous with infection, ow-

ing to the high burden of bacterial colonization of endotracheal

tubing and distal lung parenchyma in critically ill patients [23–

26]. In mechanically ventilated patients, respiratory cultures

are frequently ordered indiscriminately and in clinical scenar-

ios where their benefit is uncertain [27, 28].
A common example of indiscriminate culture collection

among mechanically ventilated patients is as part of a “pan-
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culture” workup for new fever or leukocytosis, in which respi-
ratory cultures are obtained as part of a packaged workup for
infection even in the absence of radiographic or clinical evi-
dence of pneumonia [29, 30]. Recovery of bacteria from the re-
spiratory tract in this context is unlikely to represent
pneumonia andmaymotivate unnecessary antibiotic treatment
of positive-culture results in patients otherwise lacking localiz-
ing pulmonary features of infection. We hypothesized that,
among clinically stable, mechanically ventilated patients with-
out localizing clinical/radiographic features of pulmonary in-
fection, the performance of respiratory cultures as part of
workup for an isolated new fever or leukocytosis is associated
with excess antibiotic use.

METHODS

Study Design and Setting

This was a retrospective cohort study conducted at Michigan
Medicine University Hospital, a facility housing 7 intensive
care units (ICUs) and 108 ICU beds. This study included pa-
tients distributed among postsurgical cardiothoracic, medical,
surgical, neurosurgical, and trauma-burn ICUs, as well as
ICU-level patients in other locations. The Institutional
Review Board of the University of Michigan approved this
study for waiver of informed consent.

All study ICUs have clinical pharmacists embedded
within ICU care teams. The study institution has a robust
Antimicrobial Stewardship program with institutional guide-
lines recommending 7 days of antibiotic therapy for VAP cases
without complications; procalcitonin was not routinely utilized
within study ICUs to guide VAP treatment durations. No ma-
jor changes to ICU VAP antimicrobial protocols were institut-
ed during the study period. The Clinical Microbiology
Laboratory at the University of Michigan performs quantitative
and semiquantitative gram stains and cultures depending on
whether respiratory samples were obtained proximally via en-
dotracheal tube or distally via bronchoscopic or nonbroncho-
scopic bronchoalveolar lavage. Respiratory cultures that grow
oral flora are reported with a “nudge” comment indicating
the presence of commensal flora and the absence of methicillin-
resistant Staphylococcus aureus and Pseudomonas aeruginosa.

Cohort Description and Data Collection

A structured query through the institutional electronic medical
record was used to retrospectively identify all mechanically
ventilated adult patients hospitalized between January 1,
2014, and December 31, 2019, in Michigan Medicine ICUs
who met the following prespecified inclusion criteria
(Figure 1): (1) .2 consecutive calendar days of invasive me-
chanical ventilation, (2) new abnormal temperature or white
blood cell (WBC) count (temperature ,36°C or .38°C,
WBC ,4 or .12× 109/mL; henceforth referred to as

NATW), (3) no change in ventilator requirements during the
24 hours before NATW, (4) chest imaging within 24 hours of
NATW without radiographic evidence of pneumonia, and (5)
no clinical documentation of increased or purulent sputum
within physician progress notes. Patients with vasopressor re-
quirements or an established diagnosis of cystic fibrosis were
excluded. Keyword abstraction from radiologist chest imaging
transcripts was utilized to screen for radiographic evidence of
pneumonia—a methodology that has been previously validated
at this institution [31]. The charts of 30 study subjects were re-
viewed to ensure validity of the structured query and automat-
ed text abstraction. Full details on inclusion criteria for the
structured EMR query are detailed in Supplementary Table 1.
Patients were stratified into 2 groups: those with respiratory

cultures performed and those without respiratory cultures per-
formed within 36 hours of NATW. All modalities of respirato-
ry culture collection—including expectorated sputum,
endotracheal aspiration, and bronchoscopic or nonbroncho-
scopic bronchoalveolar lavage—were included. Relevant demo-
graphics, comorbidities, health care exposures, andmeasures of
acute severity of illness were collected at the time of NATW for
all patients [32, 33].
The co-primary study outcomes were (1) the proportion of

patients who received any antibiotics for .2 calendar days
within 1 week of NATW and (2) the proportion of patients
who received broad-spectrum antibiotics for .2 calendar
days within 1 week of NATW. A categorical primary outcome
of antibiotic use .2 calendar days was chosen as many me-
chanically ventilated patients are started on broad-spectrum
antibiotics in response to NATW, which are then de-escalated
or discontinued within 48 hours after subsequent workup. This
study’s hypothesis was that respiratory culture performance
would identify clinically irrelevant bacteria from respiratory
specimens that would interrupt antibiotic de-escalation or dis-
continuation. A 1-week time frame was selected for this study,
as antimicrobial management decisions made by treatment

Figure 1. Study schema. Abnormal temperature≤36°C or .38°C; abnormal
WBC≤4 or .12× 109/mL. Abbreviations: FiO2, fraction of inspired oxygen; PEEP,
positive end-expiratory pressure; WBC, white blood cell count.
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teams beyond this time window were felt to be unlikely to be
uniquely related to the performance of index respiratory cul-
tures and their subsequent results. The antimicrobial agents in-
cluded for study purposes are listed in Supplementary Table 2.

Secondary study outcomes included total and broad-
spectrum antibiotic days of therapy (DOT; defined as the
aggregate number of calendar days a patient received any
prespecified antibiotic) within 1 week of NATW, all-cause
mortality, a composite outcome of alive and ventilator free
at 30 days, 30 ICU-free days, and total inpatient length
of stay [34]. Adverse drug events related to antimicrobial use
(including acute kidney injury, anaphylaxis, cytopenias, diar-
rhea, drug fever, drug rash including Stevens Johnson syn-
drome and toxic epidermal necrolysis, and yeast infection)
were captured using International Classification of Diseases,
Tenth Revision, codes related to the patient’s hospitalization.
Lastly, subsequent isolation of multidrug-resistant organisms
(MDROs), including methicillin-resistant Staphylococcus
aureus, vancomycin-resistant Enterococci, extended-spectrum
β-lactamase-producing Enterobacterales, carbapenem-resistant
Enterobacterales, carbapenemase-producing organisms, and
Clostridioides difficile, was measured within both 30- and
90-day time periods subsequent to the patient’s NATW.

An exploratory descriptive analysis was performed on all pa-
tients with respiratory cultures ordered in response to NATW
to ensure diagnostic validity of the automated EMR query in
capturing non-VAP cases. Chart and imaging review were con-
ducted by a committee of infectious diseases physicians to ad-
judicate VAP diagnosis, causes of NATW in patients without
VAP, and microbiological results of respiratory cultures.
VAP was evaluated using Infectious Diseases Society of
America/American Thoracic Society (IDSA/ATS) diagnostic
criteria of a “new lung infiltrate plus clinical evidence that the
infiltrate is of infectious origin, which include the new onset
of fever, purulent sputum, leukocytosis and decline in oxygen-
ation” [35]. Patients not meeting IDSA/ATS diagnostic criteria
for pneumonia were categorized as non-VAP, and causes of
NATW in this group were adjudicated via clinical judgment.
Patients without respiratory cultures performed were not sub-
jected to chart review as VAP is only rarely diagnosed at our in-
stitution without respiratory culture performance and because
inclusion of patients with VAP among those without respirato-
ry cultures performed would bias study outcomes toward the
null hypothesis.

Data Analysis

For the primary analysis, outcomes were compared among pa-
tients with and without respiratory cultures performed after
NATW. For bivariate analysis, categorical variables were com-
pared using the Fisher exact test, and continuous variables were
compared using the t test orWilcoxon rank-sum test as indicat-
ed by normality of variable distribution. Missing data were

supplanted by nonparametric random forest-based imputation
using the missForest package in R, version 3.4.2. All remaining
statistical analysis was performed in SAS, version 9.4 (SAS
Institute Inc., Cary, NC, USA).
A propensity score–stratified analysis of the cohort was used

to evaluate the independent impact of respiratory culture per-
formance on antimicrobial usage. Three distinct multivariable
logistic regression models were created for the purposes of pro-
pensity score generation. In eachmodel, the dependent variable
was the exposure of interest—performance of respiratory cul-
ture. Model 1 predicted respiratory culture performance from
a large selection of variables with plausible clinical relevance
to study outcomes (based on published literature/expert opin-
ion), as well as significant association with the study’s primary
outcome in unadjusted bivariate analysis. Model 2 predicted re-
spiratory culture from only those variables significantly (P,
.05) associated with the study’s primary outcome of total anti-
biotic use.2 days in unadjusted bivariate analysis. Model 3 in-
cluded all variables from Model 2 along with only those
additional variables from Model 1 determined to be confound-
ers, defined by a change in the β-coefficient of the respiratory
culture performance covariate of.10%. The models were eval-
uated based on Akaike Information Criteria (AIC) and the
c-statistic. Model 2 was determined to have the best balance
in model fit and predictive power and was selected for genera-
tion of propensity scores predictive of respiratory culture per-
formance. The after variables were included in the final
propensity score model: gender, hemiplegia, myocardial infarc-
tion, antecedent mechanical ventilation.3 days, use of antibi-
otics before NATW, bronchoscopy within the prior 90 days, P/
F ratio .250, abnormal temperature, and subject residence
within surgical or cardiac ICUs. Propensity score distributions
were compared across those who did and did not have respira-
tory cultures performed, and nonoverlapping regions were
trimmed. A stratified analysis of study outcomes was per-
formed based on propensity score quartiles, analysis of binary
outcomes was performed using stratified logistic regression,
and analysis of continuous outcomes was performed using
stratified linear regression.

RESULTS

Patient Characteristics

A total of 4467 patients met initial study inclusion criteria of
NATW after requirement for invasive mechanical ventilation
for .2 days. Of these 4467 patients, 534 (12.0%) met the re-
maining study inclusion criteria (stable ventilator require-
ments, no documentation of purulent/increased sputum, no
radiographic evidence of new pneumonia, no history of cystic
fibrosis or vasopressor requirements). Of these 534 patients,
113 (21.2%) had respiratory cultures obtained after NATW,
and 421 (78.8%) did not. Male patients, patients with selected
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comorbidities (cerebrovascular disease, paraplegia, myocardial
infarction), those with abnormal temperatures (as opposed to
abnormal WBC count), and those residing in cardiac or neuro-
surgical ICUs (rather than general surgical or medical ICUs)
were more likely to have respiratory cultures obtained
(Table 1; Supplementary Table 3). For the propensity score–
stratified cohort analysis, 365 of the initial 421 patients who
did not have respiratory cultures performed after NATW
were included in the trimmed population. Demographic char-
acteristics, prevalence of comorbidities (including chronic lung

disease and tracheostomy dependence), measures of health care
exposure, and acute severity of illness metrics were similar be-
tween groups in the propensity score–stratified cohort.

Outcomes

Primary and secondary study outcomes are shown in Table 2.
Within the entire study cohort, 416 patients (77.9%) received
antibiotics for .2 calendar days within 1 week of NATW,
and 371 patients (69.5%) received broad-spectrum antibiotics
for .2 calendar days within 1 week of NATW. Patients with

Table 1. Patient Characteristics

Total Cohort Propensity Score–Stratified Cohort

Respiratory Culture Performed
(n=113)

Respiratory Culture Not
Performed (n=421)

P
Value

Respiratory Culture Not
Performed (n=365)

P
Value

Demographics

Male gender, No. (%) 75 (66.4) 239 (56.8) .07 216 (59.2) .19

Age, mean (SD), y 58.2 (14.6) 57.7 (16.1) .73 57.8 (16.1) .76

Caucasian race, No. (%) 90 (79.7) 309 (73.4) .18 269 (73.7) .22

Comorbidities

Charlson composite score, mean
(SD)

8.10 (4.23) 7.93 (4.74) .78 8.05 (4.23) .92

Congestive heart failure, No. (%) 63 (55.8) 223 (53.0) .67 200 (54.8) .91

Cerebrovascular disease, No. (%) 56 (49.6) 156 (37.0) .017 140 (38.4) .04

Chronic pulmonary disease, No.
(%)

50 (44.3) 167 (39.7) .39 143 (39.2) .38

Diabetes with chronic
complications, No. (%)

25 (22.1) 95 (22.6) 1 84 (23.0) .9

Paraplegia, No. (%) 25 (22.1) 56 (13.3) .03 55 (15.1) .08

Moderate–severe liver disease,
No. (%)

10 (8.9) 44 (10.5) .73 38 (10.4) .72

Myocardial infarction, No. (%) 45 (39.8) 112 (26.6) .008 110 (30.1) .07

Renal disease, No. (%) 50 (44.3) 205 (48.7) .46 177 (48.5) .45

Tracheostomy, No. (%) 31 (27.4) 118 (28.0) 1 94 (25.8) .71

Immunocompromised, No. (%) 18 (15.9) 75 (17.8) .68 65 (17.8) .78

Health care exposures

Length of stay before NATW,
median (IQR), d

4 (3–11) 5 (3–12) .43 4 (3–11) .95

Time on vent before NATW,
median (range), d

2 (2–29) 2 (2–26) .054 2 (2–26) .12

On antibiotics before event, No.
(%)

80 (70.8) 328 (77.9) .13 277 (75.9) .32

Prior pneumonia in last 3 mo, No.
(%)

9 (8.0) 51 (12.1) .24 40 (11.0) .48

MDRO in 1 y before NATW, No.
(%)

12 (10.6) 64 (15.2) .28 64 (15.2) .28

Acuity of illness

APACHE score, mean (SD) 21.8 (6.4) 21.1 (6.8) .28 21.4 (6.9) .49

P/F ratio, median (IQR) 239.4 (176.6–325.6) 249.6 (188.8–327.5) .24 241.7 (183.88–315.3) .55

Abnormal temp, No. (%) 84 (74.3) 248 (58.9) .003 239 (65.5) .09

Abnormal WBC, No. (%) 79 (69.9) 342 (81.2) .013 292 (80.0) .03

Abnormal temp and WBC, No. (%) 50 (44.3) 169 (40.1) .45 166 (45.5) .83

NATWwas defined as abnormalwhite blood cell count (.12×109/L or,4×109/L) OR temperature (.38°C or,36°C)with normal value in the preceding 36 hours. Immunocompromisedwas
defined as history of solid organ transplant, hematopoietic stem cell transplant, hematologic malignancy within the past year, or receipt of immunosuppressing medications (steroids, anti–
tumor necrosis factor therapy,mammalian target of rapamycin inhibitors, calcineurin inhibitors, antiproliferative agents). MDROwas defined asmethicillin-resistant Staphylococcus aureus (on
clinical or screening culture), vancomycin-resistant Enterococci (on clinical or screening culture), extended-spectrum β-lactamase-producing Enterobacterales, carbapenem-resistant
Enterobacterales, carbapenemase-producing organisms, and Clostridioides difficile.

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; IQR, interquartile range; MDRO, multidrug-resistant organism; NATW, new abnormal temperature or white blood
cell count; P/F ratio, partial pressure of oxygen/fraction of inspired oxygen; WBC, white blood cell.
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respiratory cultures performed were significantly more likely
than those without respiratory cultures performed to receive
both total and broad-spectrum antibiotics for .2 calendar
days (total antibiotic use odds ratio [OR], 2.32; 95% CI, 1.23–
4.24; broad-spectrum antibiotic use OR, 2.23; 95% CI, 1.33–
3.73). Patients with respiratory cultures performed received
1.43 more total antibiotic DOTs per patient (0.01) and 1.52
more broad-spectrum antibiotic DOTs (P, .01) within 1
week of NATW than those without respiratory cultures per-
formed (Figure 2).

Analysis of the propensity score–stratified cohort demonstrat-
ed similar results: Respiratory culture performance remained
strongly associated with antibiotic use .2 days (total antibiotic
use: adjusted OR, 2.57; 95% CI, 1.39–4.75; broad-spectrum
antibiotic use: adjusted OR, 2.47; 95% CI, 1.46–4.20).
Secondary outcomes, including rates of mortality, ventilator
dependence, ICU and hospital length of stay, adverse drug
events, and incidence of novel MDROs after NATW were sim-
ilar between groups in the propensity score–stratified cohort.

Descriptive Analysis of Cases With Respiratory Cultures Performed

Of the 113 study cohort patients with respiratory cultures per-
formed, only 6 (5.3%) patients met IDSA/ATS criteria for pos-
sible VAP after chart and imaging review by a committee of
infectious diseases physicians. Among the 107 remaining

patients, the most common identifiable causes of NATW are
shown in Table 3. Respiratory cultures grew a pathogenic or-
ganism in 41 (38.3%) patients. Sixty-one percent of respiratory
cultures were obtained via endotracheal aspiration, while 39%
were obtained via bronchoalveolar lavage. Among patients
with organisms recovered, the most common organisms were
Staphylococcus aureus, Enterobacterales, and nonfermenting
gram-negative bacilli (Pseudomonas aeruginosa and
Stenotrophomonas maltophilia). Owing to limitations of docu-
mentation, it was not possible to discern how many patients
had antibiotics continued specifically in response to positive re-
spiratory cultures. A sensitivity analysis was performed exclud-
ing the 6 patients with possible VAP from the group of patients
with respiratory cultures performed and showed no difference
in the study’s primary outcomes (total antibiotic use .2 days:
adjustedOR, 2.41; 95%CI, 1.30–4.48; broad-spectrum antibiot-
ic use .2 days: adjusted OR, 2.31; 95% CI, 1.36–3.94).

DISCUSSION

In this study of clinically stable mechanically ventilated ICU
patients with new abnormal WBC or temperature measure-
ments but without localizing features of pulmonary infection,
performance of respiratory cultures was independently associ-
ated with significant increases in antibiotic use. While

Table 2. Adjusted Primary/Secondary Outcomes in Total and Propensity Score–Stratified Cohort

Total Cohort Propensity Score–Stratified Cohort

Respiratory Culture
Performed (n=113)

Respiratory Culture Not
Performed (n=421)

P
Value

Respiratory Culture Not
Performed (n=365)

P
Value

Primary outcomes

.2 d all antibiotics, No. (%) 99 (87.6) 317 (75.3) .005 272 (74.5) .002

.2 d broad-spectrum antibiotics,
No. (%)

92 (81.4) 279 (66.3) .002 238 (65.2) ,.001

Secondary outcomes

Antibiotic DOT within 7 d of NATW, mean (SD)

Total antibiotic DOT 9.27 (5.36) 7.84 (5.34) .01 7.86 (5.43) .02

Broad-spectrum DOT 8.31 (5.36) 6.79 (5.41) .008 6.79 (5.49) .009

Safety outcomes

30-d mortality, No. (%) 34 (30.1) 119 (28.3) .70 107 (29.3) .95

Alive and ventilator free at 30 d,
No. (%)

77 (68.1) 294 (69.8) .73 251 (68.8) .92

Total inpatient length of stay,
median (IQR), d

24 (16–38) 24 (14–41) .76 23 (14–40) .73

30 d ICU free, mean (SD), d 18.6 (9.3) 19.6 (8.8) .33 19.7 (8.80) .29

Antibiotic toxicity/resistance, No. (%)

Adverse drug event 74 (65.5) 288 (68.4) .57 247 (67.7) .62

New MDRO within 30 d after
NATW

12 (10.6) 50 (11.9) .71 46 (12.6) .62

NATW was defined as abnormal white blood cell count (.12× 109/L or ,4× 109/L) OR temperature (.38°C or ,36°C) with a normal value in the preceding 36 hours. Antibiotic DOT was
defined as the aggregate sum of days for which any amount of a specific antimicrobial agent was received by a patient. Adverse drug event was defined as diarrhea, neutropenia,
thrombocytopenia, AKI, yeast infection, rash, anaphylaxis, Stevens-Johnson syndrome/toxic epidermal necrolysis attributed to antibiotics. MDRO was defined as methicillin-resistant
Staphylococcus aureus (on clinical or screening culture), vancomycin-resistant Enterococci (on clinical or screening culture), extended-spectrum β-lactamase-producing Enterobacterales,
carbapenem-resistant Enterobacterales, carbapenemase-producing organisms, and Clostridioides difficile.

Abbreviations: AKI, acute kidney injury; DOT, days of therapy; ICU, intensive care unit; IQR, interquartile range; MDRO, multidrug-resistant organism; NATW, new abnormal temperature or
white blood cell count.
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abnormal temperature and WBC often accompany VAP, they
are nonspecific findings in critically ill patients, even in the
presence of positive respiratory cultures [23]. Asymptomatic

colonization of both the proximal and distal respiratory tract
with pathogenic organisms occurs in .50% of critically ill pa-
tients, particularly those with indwelling endotracheal prosthetic
material [24]. If one assumes a VAP prevalence of 10% among
mechanically ventilated patients [35], before respiratory culture,
those patients with fever but without new radiographic infiltrates,
alterations in gas exchange, or purulent sputum have a pretest
probability of VAP of only 2.6%. A positive respiratory culture
in this context increases the post-test probability of VAP to only
3.7%, rendering the test marginally beneficial at best and, in
many cases, a precipitant of unnecessary antibiotic use.
For the vast majority of patients in this study, recovery of mi-

croorganisms from the respiratory tract likely reflected clinical-
ly irrelevant colonization of the respiratory tract, unrelated to
the index fever or leukocytosis that prompted culture collec-
tion. Our group has previously characterized this scenario as
“asymptomatic bacterisputia” and argued that contemporary
respiratory culturing practices in critically ill patients may pre-
cipitate antibiotic overuse [28]. Obtaining respiratory cultures
to evaluate a new fever or WBC count in mechanically ventilat-
ed patients regardless of the presence of signs or symptoms lo-
calizing infection to the respiratory tract is commonplace in
modern clinical practice and is endorsed in multiple heavily
referenced expert guidelines [36, 37]. Our study suggests that
this practice of “pan-culturing” to evaluate fever or leukocytosis
in mechanically ventilated patients may motivate unnecessary
antibiotic use.

Figure 2. Total and broad-spectrum antibiotic days of therapy within 1 week of new abnormal temperature or white blood cell count. Antibiotic days of therapy was defined
as the aggregate sum of days for which any amount of a specific antimicrobial agent was received by a patient. For example, if a patient obtained 2 days of vancomycin and 2
days of piperacillin-tazobactam within the 1-week time frame, this would equate to 4 antibiotic days of therapy. Abbreviation: DOT, days of therapy.

Table 3. Causes of New Abnormal Fever or Leukocytosis in Patients
With Respiratory Cultures Obtained Without Clinical/Radiographic
Evidence of Pneumonia

Cause of Abnormal Temperature/White
Blood Cell Count

Total No.
(n=107)

Percentage
of Cases

Postoperative fever/leukocytosis 32 29.9

Central process 24 22.4

Extrapulmonary infection 24 22.4

Noninfectious pulmonary
decompensation

17 15.9

Other 11 10.3

Steroids/leukemoid stress reaction 10 9.3

Ischemia 6 5.6

DVT/PE 6 5.6

Hematoma 5 4.7

Cancer/tumor fever 4 3.7

Autoimmune condition 1 0.9

Drug fever 1 0.9

Abbreviation: DVT/PE, deep vein thrombosis/pulmonary embolism.

Abnormal white blood cell count was defined as abnormal white blood cell count (.12×
109/L or ,4×109/L) with a normal value in the preceding 36 hours. Abnormal
temperature was defined as .38°C or ,36°C with a normal value in the preceding
36 hours. Central process= stroke, intraparenchymal hemorrhage, seizures, and global
cerebral ischemia secondary to cardiac arrest. Noninfectious decompensation=flash
pulmonary edema, aspiration pneumonitis, mucous plugging. Leukemoid stress reaction
= leukocytosis attributable to non–septic shock physiology (ie, cardiogenic shock).
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While the effect size on antimicrobial use observed in this
study was modest—1.5 DOT/week, applying to only 12% of
screened patients—we expect that the clinical impact of target-
ing ordering practices for respiratory cultures would be mark-
edly higher in clinical practice for the following reasons: First,
patients requiring prolonged mechanical ventilation often have
multiple episodes of NATW throughout their clinical course,
each of which may precipitate unnecessary antibiotic expo-
sures; and second, our prior published experience suggests
that at least 30% of patients excluded from this study because
of the presence of radiographic keywords in chest imaging tran-
scripts would not have met diagnostic criteria for pneumonia
after chart review and thus could have benefitted from diagnos-
tic stewardship interventions targeting the ordering of respira-
tory cultures [28, 31].

Most efforts to reduce VAP antibiotic overuse have focused
on therapeutic processes, namely antibiotic de-escalation or
discontinuation strategies in established VAP cases [14–22].
Few efforts have instead focused on the diagnostic process for
VAP—interventions targeting the pathway of ordering, collec-
tion, and reporting of diagnostic tests to proactively avert un-
necessary antibiotic use in patients with a low pretest
probability of infection. Such approaches, known as diagnostic
stewardship approaches, have demonstrated considerable suc-
cess in preventing unnecessary treatment of asymptomatic bac-
teriuria and Clostridioides difficile colonization but remain
relatively unexplored in respiratory infections [38–46]. Our
study suggests that diagnostic stewardship efforts targeting in-
discriminate respiratory culture performance among mechan-
ically ventilated patients may therefore represent an untapped
avenue to reduce unnecessary ICU antibiotic use.

This study has several limitations. First, its retrospective na-
ture comes with inherent limitations. Second, chest imaging in-
terpretation is subjective, and our use of automated keyword
abstraction from chest radiograph transcripts may have cap-
tured patients with legitimate radiographic evidence of VAP
despite absence of pneumonia-specific keywords in interpretive
reports. Importantly, we have previously validated automated
keyword abstraction from chest radiograph transcripts for
pneumonia diagnosis: Among a pneumonia-enriched cohort
with positive respiratory cultures, the absence of
pneumonia-specific radiographic keywords utilized for this
study had a sensitivity of 97.2% and a negative predictive value
of 80% in excluding pneumonia [31]. Furthermore, our manual
chart and imaging review of all cases in which respiratory cul-
tures were performed found only 6 cases out of 113 reviewed
that met IDSA/ATDS criteria for VAP [35]. Another potential
limitation of this study is the high prevalence of antecedent an-
tibiotic use in both groups (.70%). While diagnostic consider-
ations differ in patients on existing antibiotics vs
antibiotic-naïve ICU patients, crafting a study of only
antibiotic-naïve ICU patients is infeasible: A recent

multinational point prevalence study of ICUs in 1150 hospitals
in 88 countries demonstrated that 70% of patients within a
24-hour time period received at least 1 antibiotic [47]. While
we did not capture the indications for antecedent antibiotic
use in this study population, we did incorporate antecedent an-
tibiotic use into our propensity score modeling. Finally, it is
possible that respiratory culture performance is a surrogate
marker for a more aggressive therapeutic approach to antimi-
crobial use among certain intensivists, rather than the catalyst
in and of itself for antibiotic use.
Given the precipitous rise of antimicrobial resistance within

ICUs and the relatively limited inroads made by antimicrobial
stewardship programs among critically ill patients, novel ap-
proaches to ICU stewardship are required. This study suggests
that diagnostic VAP stewardship approaches—particularly in-
terventions targeting the ordering phase of respiratory cultures
—merit prospective evaluation as methods to limit ICU antibi-
otic overuse.
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