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Background. Randomized trials support use of procalcitonin (PCT)-based algorithms to decrease duration of antibiotics for 
critically ill patients with sepsis. However, current use of PCT and associated outcomes in real-world clinical settings is unclear. We 
sought to determine PCT use in critically ill patients with sepsis in the United States and to examine associations between PCT use 
and clinical outcomes.

Methods. This was a retrospective cohort study of approximately 20% of patients with sepsis hospitalized in US intensive care 
units. Hierarchical regression models were used to determine associations of PCT use with outcomes (antibiotic-days, incidence 
of Clostridium difficile infection, and in-hospital mortality). Sensitivity analyses were conducted to assess robustness of findings to 
different methods used to address unmeasured confounding (eg, instrumental variable, difference-in-differences analyses).

Results. Among 20 750 critically ill patients with sepsis in 107 hospitals with PCT available, 3769 (18%) patients had PCT levels 
checked; 1119 (29.7%) had serial PCT measurements. PCT use was associated with increased antibiotic-days (adjusted relative risk, 
1.1; 95% confidence interval [CI], 1.15–1.18) and incidence of C. difficile (adjusted odds ratio, 1.42; 95% CI, 1.09–1.85) without 
a change in mortality (adjusted hazard ratio, 1.05; 95% CI, 0.93–1.19). Analysis of PCT use by instrumental variable and differ-
ence-in-difference analyses showed similar lack of antibiotic or outcome improvements associated with PCT use.

Conclusions. PCT use was not associated with improved antibiotic use or other clinical outcomes in real-world settings. 
Programs to improve implementation of PCT-based strategies are warranted prior to widespread adoption.
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Sepsis affects approximately 1 million adults in the United 
Stated [1], with rising incidence and 15%–20% in-hospi-
tal case-fatality rates [2]. Decisions regarding antibiotic 
cessation are critical to patient outcomes during sepsis. 
Courses of antibiotics that are too long may produce adverse 
events such as Clostridium difficile colitis and antibiotic  
resistance [3]. Because approximately 1 in 3 hospitalized 
patients may inappropriately receive antibiotics [4], bet-
ter strategies are needed to guide clinical decision-making 
regarding initiation and cessation of antibiotics for patients 
with sepsis.

Procalcitonin (PCT) has emerged as a biomarker of bac-
terial infection that may inform clinical decisions regarding 
early cessation of antibiotics. Randomized trials in patients 

with lower respiratory tract infection [5–7] and in critically 
ill patients with sepsis from undifferentiated infection [8–13] 
have demonstrated efficacy of PCT for reducing antibiotic 
duration, without increasing morbidity or mortality. Although 
PCT looks promising in the clinical trial setting, little is known 
about how PCT has been used in real-world practice in the 
United States or if use of PCT outside of experimental trials 
is associated with decreased antibiotic use or antibiotic-asso-
ciated complications. Thus, recent guidelines by the Infectious 
Diseases Society of America and the Society for Healthcare 
Epidemiology of America give only a weak recommendation 
to use serial PCT measurements as a guide to decrease antibi-
otic use [14].

We sought to explore variation in use patterns for PCT dur-
ing sepsis in US intensive care units (ICUs). Leveraging nat-
ural variation in PCT uptake, we analyzed antibiotic duration 
and patient outcomes associated with PCT use. Based on prior 
randomized, controlled trial results, we hypothesized that 
use of PCT would be associated with a reduction in antibi-
otic duration and a decrease in antibiotic-associated adverse 
outcomes, without a significant change in mortality. Some 
study results have been previously reported in the form of an 
abstract [15, 16].
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METHODS

Sepsis Cohort

We performed a retrospective cohort study using the Premier 
database (Charlotte, North Carolina), which includes approx-
imately 20% of hospitalized patients in nonfederal US hospi-
tals. Premier data include date-stamped pharmacy, laboratory, 
and diagnostics billing information. Patients hospitalized in 
an ICU with sepsis were identified using high-positive predic-
tive value (>90%) explicit sepsis International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), 
codes present on admission [17] in conjunction with receipt 
of an antibiotic on their first hospital day and an ICU charge 
(see Supplementary Table 1 for a full list of ICD-9-CM codes 
used). Because randomized trials do not support the efficacy of 
PCT for guiding decisions to initiate antibiotics in the intensive 
care setting [14, 18], we excluded patients who did not receive 
an antibiotic. We also excluded patients who were in a hospital 
with fewer than 25 sepsis cases in 2012 or were in a hospital that 
did not have a PCT order in 2012.

Procalcitonin Use and Covariates

We identified PCT use from laboratory billing files and deter-
mined temporal relationships between PCT orders and the 
timing of the initial antibiotic dose. We recorded patient demo-
graphics, hospital characteristics, and attending physician spe-
cialty. For each patient, we obtained information on comorbid 
conditions [19–21], acute organ failures that were present on 
admission [22, 23], and site of infection [24] using previously 
validated ICD-9-CM algorithms.

Outcomes

In our primary analysis, we sought to identify the association 
between PCT use and antibiotic days of therapy (DOT) during 
hospitalization, including use during and following intensive 
care. Because PCT levels signal whether bacterial infection is 
likely and whether antibiotics may be indicated, rather than 
which antibiotics may be indicated, multiple antibiotics ordered 
in 1 day were measured as 1 DOT [25]. Secondary outcomes 
of interest included rates of new-onset C. difficile infection as 
defined by ICD-9-CM codes that were not present on admis-
sion (sensitivity 78%, specificity 99.7%) [26, 27] and in-hospital 
mortality.

Statistical Analyses

We reported continuous variables using means and standard 
deviations or median and interquartile range depending on 
the distribution and categorical variables as percentages. We 
analyzed associations between PCT measurement and patient 
and hospital characteristics and calculated individual hospital 
risk-adjusted PCT rates (defined as number of patients who had 
PCT checked/number of sepsis cases) using hierarchical regres-
sion models, with each hospital serving as a random intercept. 

Because of the likelihood that PCT testing was unavailable at 
hospitals that had not used PCT, we restricted the analysis of 
factors associated with PCT use to hospitals that used PCT at 
least once. We estimated the proportion of variability in PCT 
use explained by patient and hospital characteristics by cal-
culating intraclass  correlation coefficients from hierarchical 
regression models [28].

We used hierarchical Poisson regression models to analyze 
associations between PCT use and antibiotic DOT, and we used 
hierarchical logistic regression for modeling C.  difficile infec-
tion. In order to account for potential “immortal time” prior to 
PCT orders, we used a time-varying specification of PCT orders 
in Cox proportional hazards models, assessing associations 
between PCT orders and patient in-hospital mortality [29]. 
Immortal time was defined as the time prior to a PCT order 
(or prior to a second PCT order in analyses of serial orders) 
during which patients with PCT orders were necessarily alive 
(immortal) but patients who did not have PCT orders may have 
died. Models were adjusted for patient demographics, patient 
comorbidities, acute organ failures present on admission, site 
of infection, hospital characteristics and attending physician 
specialty, patient comorbidities, and acute organ failures (see 
details of covariates in Table 1). Length of stay was included in 
models of antibiotic use but not in models of mortality or C. dif-
ficile infection.

Sensitivity Analyses

We performed multiple sensitivity analyses to explore the 
robustness of our primary analysis to different specifications 
of the cohort and various methods to attenuate unmeasured 
confounding. Details of sensitivity analyses are available in 
the Supplementary Materials. Briefly, we explored associations 
between PCT orders and antibiotic DOT in different specifica-
tions of the sepsis cohort, including analyses expanded to hos-
pitals that did not use PCT, hospitals that used only PCT in the 
year prior, and hospitals that used serial PCT measurements. 
In addition to identifying different associations between PCT 
use and infection site, we conducted subgroup analysis by infec-
tion source. Finally, we conducted multiple ecological analyses 
to reduce confounding by indication for PCT testing, including 
a difference-in-differences approach for hospitals that did and 
did not adopt PCT testing over time.

We used SAS version 9.4 (Cary, North Carolina) for all anal-
yses, with an alpha threshold of 0.05. The Boston University 
Medical Campus Institutional Review Board approved study 
procedures. 

RESULTS

We identified 20 750 patients in 107 hospitals that used PCT 
levels at least once (Figure  1), among whom 3769 (18%) had 
PCT measurements during a sepsis hospitalization. Patients 
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were, on average, aged 66  ±  16  years, 50% were women, and 
74% were white.

Procalcitonin Practice Patterns

PCT was checked an average 1.6  ±  5.2  days after antibiotics 
were started. A histogram of PCT orders relative to antibiotic 
timing is shown in Supplementary Figure  1. Of patients who 
had a PCT checked, 1250 (33.2%) had a PCT repeated a mean 

3.2  ±  4.6  days after the first PCT. Baseline clinical variables 
stratified by PCT use are shown in Table  1. In multivariable 
analysis among hospitals that used PCT, patient factors associ-
ated with PCT use were younger age, a longer length of stay, the 
presence of septic shock, metabolic acidosis or acute respiratory 
failure, a history of heart failure or peripheral vascular disease, 
and pneumonia as an infection source. No hospital-level factors 
were associated with PCT use. Surgical attending physicians 

Table 1. Baseline Patient Characteristics Associated With Procalcitonin Use

Characteristic No Procalcitonin (N = 16 981) Procalcitonin (N = 3769) Multivariable- Adjusted Odds Ratio

Age, y 65.9 (16.2) 65.5 (16.1) 0.99 (0.99–1.00)

Male 8393 (49.4%) 1910 (50.7%) 0.95 (0.87–1.04)

Race

 White 12625 (74.4%) 2751 (73.0%) Reference

 Black 2010 (11.8%) 446 (11.8%) 0.95 (0.87–1.04)

 Other 2346 (13.8%) 572 (15.2%) 0.99 (0.85–1.16)

Geographic location

 Northeast 1306 (7.7%) 87 (2.3%) Reference

 Midwest 4135 (24.4%) 782 (20.8%) 2.23 (0.44–11.29)

 South 9385 (55.3%) 1848 (49.0%) 2.38 (0.51–11.29)

 West 2155 (12.7%) 1052 (27.9%) 6.20 (1.00–38.35)

Teaching hospital 6419 (37.8%) 1204 (31.9%) 0.59 (0.25–1.41)

Attending specialty

 Internal medicine 13907 (83.1%) 3143 (83.8%) Reference

 Surgical 1016 (6.1%) 179 (4.8%) 0.69 (0.56–0.86)

 Pulmonary/Critical care 1622 (9.7%) 384 (10.2%) 1.12 (0.94–1.33)

 Cardiology 192 (1.2%) 45 (1.2%) 0.96 (0.63–1.47)

Comorbidities

 Heart failure 4613 (27.2%) 1140 (30.3%) 1.16 (1.05–1.30)

 Diabetes 6402 (37.7%) 1368 (36.3%) 0.99 (0.90–1.09)

 Hypertension 10650 (62.7%) 2299 (61.0%) 1.07 (0.96–1.18)

 Stroke/Transient ischemic attack 284 (1.7%) 68 (1.8%) 1.08 (0.76–1.53)

  Coronary artery disease/Myocardial infarction 4609 (27.1%) 945 (25.1%) 1.10 (0.98–1.23)

  Chronic kidney disease 4989 (29.4%) 1060 (28.1%) 0.93 (0.82–1.04)

  Chronic obstructive pulmonary disease 5880 (34.6%) 1260 (33.4%) 0.97 (0.88–1.07)

 Valvular heart disease 1436 (8.5%) 357 (9.4%) 1.14 (0.97–1.34)

 Peripheral vascular disease 1933 (11.4%) 373 (9.9%) 0.85 (0.72–0.99)

 Cancer 2382 (14.0%) 477 (12.7%) 0.92 (0.81–1.06)

 Cirrhosis 1121 (6.6%) 271 (7.2%) 1.02 (0.85–1.24)

 Dementia 731 (4.3%) 149 (4.0%) 1.02 (0.81–1.28)

Infection site

 Pneumonia 5798 (34.1%) 1364 (36.2%) 1.32 (1.19–1.46)

 Gastrointestinal 2183 (12.9%) 475 (12.6%) 1.07 (0.93–1.24)

  Urinary tract infection 5693 (33.5%) 1191 (31.6%) 0.98 (0.89–1.09)

 Skin/Soft tissue 1539 (9.1%) 339 (9.0%) 0.96 (0.82–1.13)

 Bacteremia 216 (1.3%) 48 (1.3%) 1.19 (0.81–1.76)

Acute organ failures, present on admission

 Respiratory 6750 (39.8%) 1624 (43.1%) 1.22 (1.10–1.34)

 Shock 7910 (46.6%) 1886 (50.0%) 1.24 (1.13–1.37)

 Renal 9948 (58.6%) 2264 (60.1%) 1.05 (0.94–1.17)

 Neurologic 2645 (15.6%) 635 (16.9%) 1.02 (0.90–1.15)

 Hematologic 2932 (17.3%) 734 (19.5%) 1.09 (0.97–1.23)

 Acidosis 4710 (27.7%) 1125 (29.9%) 1.17 (1.06–1.30)

 Hepatic 930 (5.5%) 244 (6.5%) 1.21 (1.00–1.48)

Length of stay, days 10.8 (12.4) 12.0 (13.2) 1.02 (1.01–1.02)

Data presented as mean (standard deviation), N (11), or adjusted odds ratio (95% confidence interval). 
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were less likely to use PCT than medical, critical care, or cardi-
ology physicians. PCT use varied widely among hospitals (use 
in 1%–95% of sepsis cases); the majority of variation in PCT use 
(intraclass correlation coefficient, 53%; 95% confidence interval 
[CI], 46%–61%) remained unexplained by measured patient or 
hospital characteristics.

Outcomes, Primary Analysis

In individual patient-level analysis, PCT orders were associated 
with more antibiotic DOT (multivariable-adjusted relative risk 
[aRR], 1.17; 95% CI, 1.15–1.18), increased rates of C. difficile 
infection (multivariable-adjusted odds ratio [aOR], 1.42; 95% 
CI, 1.09–1.85), and no difference in mortality (hazard ratio 
[HR], 1.05; 95% CI, 0.93–1.19). Antibiotic DOTs were associ-
ated with increased risk of C. difficile infection (no C. difficile, 
7 days vs C. difficile, 12 days; P < .001 by Wilcoxon rank-sum 
test).

Sensitivity Analyses

Sensitivity analyses showed similar patterns of results to the pri-
mary analysis. In the full cohort of hospitals, including hospitals 

that never measured PCT (71 937 patients among 430 hospitals 
[Figure 1]), and in the subgroup of hospitals that had previously 
measured PCT in 2011, PCT remained associated with increased 
antibiotic DOT and C. difficile infection (Table 2). When length 
of stay was excluded from our models, PCT use remained asso-
ciated with increased antibiotic DOT (aOR, 1.20; 95% CI, 1.19–
1.22). Patients with serial PCT orders also showed higher rates of 
antibiotic use and C. difficile but no significant association with 
mortality (HR, 0.95; 95% CI, 0.83–1.12). In hospital-level PCT 
ecological exposure analyses among individual patients, admis-
sion to a hospital that checked PCT in at least 1 patient was not 
associated with a difference in mortality or antibiotic DOT but 
was associated with an increased incidence of C. difficile infec-
tion (aOR, 1.24; 95% CI, 1.06–1.45; Table 2). Increasing risk-ad-
justed rates of PCT use or serial PCT use among hospitals that 
used PCT were not associated with measured outcomes (Table 2). 
When stratified by site of infection, PCT orders remained asso-
ciated with increased antibiotic use except in the case of patients 
with bacteremia, where there was no association (P for interac-
tion < .0001; Supplementary Table 2). We similarly identified sig-
nificant interactions between site of infection, PCT, and mortality 
but not C. difficile infection (Supplementary Table 2). Hospital 
risk-standardized rates of PCT testing did not show associa-
tions with hospital risk-standardized antibiotic days (r = −0.02; 
P  =  .76), C.  difficile infection (r  =  0.03; P  =  .75), or mortality 
(r = −0.04; P = .68; Figure 2). Difference-in-differences analysis 
demonstrated that patients admitted to hospitals that adopted 
PCT testing had similar changes in antibiotic days (aRR, 1.01; 
95% CI, 0.99–1.02), C. difficile infection rates (aOR, 1.02; 95% CI, 
0.96–1.08), and mortality (aOR, 1.00; 95% CI, 0.98–1.02) relative 
to patients in hospitals that did not adopt PCT (Table 2).

DISCUSSION

Randomized, controlled trial [12] evidence supports the efficacy 
of PCT-guided antibiotic algorithms for decreasing antibiotic 

Table 2. Patient Outcomes Associated With Procalcitonin Use

Analysis Antibiotic-Days Clostridium difficile Mortality

Primary analysis

 Hospitals using PCT 1.17 (1.15–1.18) 1.42 (1.09–1.85) HR 1.05 (0.93–1.19)

Sensitivity analyses

 All hospitals 1.16 (1.15–1.18) 1.52 (1.19–1.95) 0.92 (0.83–1.03)

 Hospitals using PCT in 2011 and 2012 1.16 (1.15–1.18) 1.51 (1.08–2.13) 0.89 (0.77–1.03)

 Hospitals using PCT, length of stay excluded from model 1.20 (1.19–1.22)

 Hospitals using PCT twice in at least 1 patient 1.06 (1.04–1.07) 1.43 (1.07–1.93) 0.92 (0.81–1.05)

 Patients with 2 or more PCT orders 1.42 (1.39–1.45) 1.74 (1.18–2.55) HR 0.97 (0.83–1.14)

 Difference-in-differences 1.01 (0.99–1.02) 1.02 (0.96–1.08) 1.00 (0.98–1.02)

 Comparison of hospitals using PCT vs not using PCT 1.01 (0.93–1.08) 1.24 (1.06–1.45) 1.02 (0.92–1.14)

 Increasing rates of hospital PCT use 1.00 (0.99–1.00) 1.00 (1.00–1.01) 1.00 (1.00-1.00)

 Increasing rates of hospital serial PCT use 1.00 (0.99–1.01) 1.01 (1.00–1.02) 1.00 (0.99–1.00)

Data presented as adjusted risk ratio (95% confidence interval [CI]) for antibiotic-days and adjusted odds ratio (95% CI) for Clostridium difficile and mortality, except where noted. 

Abbreviation: HR, hazard ratio; PCT, procalcitonin.

Figure 1. Flow diagram of case selection. Abbreviation: ICU, intensive care unit.
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use, providing evidence for the potential utility of PCT as an 
aid to antibiotic stewardship programs. Current guidelines for 
antibiotic stewardship and treatment of sepsis include recom-
mendations to use PCT to aid decisions regarding cessation of 
antibiotic therapy [14, 18]. We sought to characterize the trans-
lation of PCT trial results into real-world practice among criti-
cally ill patients with sepsis in the United States. Approximately 
5% of patients in the United States with sepsis had PCT levels 
measured. However, when measured, PCT levels were checked 
sequentially in fewer than 1 in 3 patients on average, a practice 
that runs contrary to algorithms tested in randomized trials that 
investigated PCT levels to guide antibiotic duration during sep-
sis. Hospital variation in use of PCT during sepsis was wide and 
mostly unexplained by measured patient and hospital charac-
teristics. Contrary to the results of randomized trials, PCT use 
was not associated with reduced antibiotic use, reduced rates of 
C. difficile infection, or improved mortality. Taken together, our 
findings suggest that PCT testing during sepsis has been poorly 
implemented into real-world practice, yielding few measurable 
benefits. Programs designed to improve implementation and 
close large gaps between clinical trial efficacy and real-world 
effectiveness of PCT during sepsis are warranted.

In clinical trials, PCT was used in conjunction with an algo-
rithm to guide antibiotic duration. Clinical trial algorithms 
generally required sequential measurement of PCT to identify 
when levels reached thresholds that represent low risk for ongo-
ing bacterial infection that signaled appropriate cessation of 
antibiotics [8–11]. Despite relatively modest adherence to the 
algorithm in the trials (up to 53% in the largest trial [10]), anti-
biotic duration was significantly decreased by 2–3 days among 
patients randomized to receive PCT-guided care [10].

Few prior studies have evaluated PCT use outside of the 
clinical trial setting. One retrospective study of critically ill 
surgical patients within 2 German hospitals showed that imple-
mentation of a PCT protocol was associated with a decrease 

in antibiotic duration [13]. Another study evaluated outcomes 
associated with PCT algorithm use in centers that previously 
participated in the ProHOSP trial, which evaluated use of PCT-
based algorithms in lower respiratory tract infections outside 
of the ICU setting [30]. In former participants in the ProHOSP 
trial, compliance with PCT algorithms was poor among US 
centers (<40%) when compared to European centers (60%–
80%); however, compliance with PCT algorithms was associ-
ated with decreased antibiotic duration (5.9 vs 7.4 days) without 
increased adverse events.

Several factors may contribute to the lack of benefits observed 
with PCT use in the United States as compared to European 
studies. Importantly, we observed that fewer than one third of 
patients who had PCT checked had serial levels drawn, demon-
strating that real practice was inconsistent with the serial PCT 
measurements used successfully in the clinical trial setting. Our 
database does not provide a sufficient level of detail to know 
with certainty whether an individual hospital used a PCT-based 
algorithm. However, analyses of hospital rates of serial PCT 
orders (as a surrogate for potential use of PCT algorithms) did 
not find associations between increasing rates of serial PCT 
use and antibiotic use. Further, the high level of unexplained 
variation observed in our study suggests that PCT use may be 
idiosyncratic and clinician dependent, without coordination of 
practices between providers that may be required to decrease 
antibiotic use across care settings (eg, from transition between 
ICU and ward). Because our data source did not provide PCT 
levels, we could not determine whether treatment decisions 
were altered based on PCT results. Further study is necessary to 
determine how PCT levels influence treatment decisions.

Our study had several limitations to be considered in eval-
uating our findings. First, unmeasured confounding in obser-
vational research cannot be excluded. The association between 
PCT and increased antibiotic use and C.  difficile rates in 
patient-level analyses, but not hospital-level analyses, suggests 

Figure  2. Associations between risk-adjusted hospital procalcitonin (PCT) rates and risk-adjusted hospital outcomes among hospitals that used PCT. A, Association 
between risk-adjusted PCT rates and risk-adjusted antibiotic days, r = −0.02, P = .76. B, Association between risk-adjusted PCT rates and risk-adjusted Clostridium difficile 
infection, r = 0.03, P = .75. C, Association between risk-adjusted PCT rates and risk-adjusted mortality, r = −0.04, P = .68.
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the possibility of unmeasured confounding by indication for 
PCT testing in patient-level analyses. Analyses that were better 
able to account for unmeasured confounding, such as the dif-
ference-in-differences analysis, showed no association between 
PCT use and these outcomes. Thus, while PCT may not nec-
essarily be associated with worse outcomes, we were unable to 
identify associations between PCT use and real-world bene-
fits. Further, association between antibiotic DOT and C. diffi-
cile infection provides potential mechanistic insights between 
PCT use and potentially increased C. difficile rates. Second, use 
of ICD9-CM coding may be subject to misclassification bias. 
For example, ICD-9CM codes for identifying C.  difficile have 
been shown to have modest sensitivity and high specificity [26, 
27]. A nondifferential misclassification of C. difficile diagnosis 
by ICD-9CM codes would result in an underestimation of the 
observed association between PCT and C.  difficile infection, 
whereas the influence of potential differential misclassification 
on effect estimates is unclear. Third, our analysis was limited to 
patients in 2012, and the availability of rapid PCT results has 
likely increased since then. However, most trials that show effi-
cacy of using PCT-based antibiotic use algorithms in the ICU 
were published prior to 2012. More centers have likely gained 
more experience in the use of PCT testing since 2012. Whether 
real-world outcomes associated with PCT use have changed 
since 2012 is unclear; subgroup analysis in centers with experi-
ence using PCT prior to 2012 also did not show benefit. Fourth, 
excluding patients from analyses due to missing data has the 
potential to bias effect estimates if reasons for missing data 
associate with outcomes. However, few patients in our data-
set had missing data—1.1% were excluded from analyses due 
to missing data. Finally, we studied patients with sepsis pres-
ent on admission to the hospital; our results may not apply to 
patients who developed nosocomial sepsis later during their 
hospitalization.

We used definitions of sepsis in use prior to Sepsis-3 [31] to 
identify our study cohort, which is in line with the sepsis defi-
nitions used in prior randomized trials of PCT. It is possible 
that some patients with suspected sepsis who may never have 
received antibiotics based on a PCT level were excluded from 
our cohort. However, methods to define a cohort of patients with 
suspected infection who had antibiotics withheld using claims 
data are unclear. Additionally, prior randomized trials did not 
find that PCT accurately identified critically ill patients with sus-
pected infection who could have initiation of antibiotics safely 
withheld or that PCT decreased initiation of antibiotics in the 
ICU [10, 32]. Clinical practice guidelines recommend against 
use of PCT to guide decisions to start antibiotics among critically 
ill patients [18, 33]. As such, we evaluated PCT as a potential 
method to reduce duration of antibiotics among patients with 
suspected infection who received at least 1 dose of antibiotic.

In conclusion, PCT use among critically ill patients with 
sepsis in real-world settings was not associated with decreased 

antibiotic use or improved antibiotic-associated outcomes on 
average. Importantly, PCT was measured infrequently and most 
often only checked once, suggesting that PCT was not imple-
mented according to protocols found efficacious in clinical tri-
als. Our results suggest that studies to improve implementation 
of PCT are warranted prior to widespread adoption.
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