
Clinical Infectious Diseases

Meier et al388  •  CID  2019:69  (1 August)  • 

Procalcitonin-guided Antibiotic Treatment in Patients 
With Positive Blood Cultures: A Patient-level  
Meta-analysis of Randomized Trials
Marc A. Meier,1 Angela Branche,2 Olivia L. Neeser,1 Yannick Wirz,1 Sebastian Haubitz,1 Lila Bouadma,3 Michel Wolff,3 Charles E. Luyt,4 Jean Chastre,4 
Florence Tubach,5 Mirjam Christ-Crain,6 Caspar Corti,7 Jens-Ulrik S. Jensen,8,9 Rodrigo O. Deliberato,10 Kristina B. Kristoffersen,11 Pierre Damas,12 
Vandack Nobre,13 Carolina F. Oliveira,14 Yahya Shehabi,15,16 Daiana Stolz,17 Michael Tamm,17 Beat Mueller,1,18 and Philipp Schuetz1,18 
1Medical University Department, Kantonsspital Aarau, Switzerland; 2Department of Medicine, University of Rochester, Rochester General Hospital, New York; 3Service de Réanimation Médicale, 
Université Paris 7-Denis-Diderot, Assistance Publique–Hôpitaux de Paris (AP-HP),  4Service de Réanimation Médicale, Université Paris 6-Pierre-et-Marie-Curie, and 5Département d’Epidémiologie 
Biostatistique et Recherche Clinique, AP-HP, Hôpitaux Universitaires Paris Nord Val de Seine, France; 6Division of Endocrinology, Diabetology and Clinical Nutrition, University Hospital Basel, 
Switzerland; 7Department of Respiratory Medicine, Copenhagen University Hospital Bispebjerg, 8Centre of Excellence for Health, Immunity and Infections, Department of Infectious Diseases and 
Rheumatology, Finsencentret, Rigshospitalet, University of Copenhagen, and 9Department of Internal Medicine, Respiratory Medicine Section, Copenhagen University Hospital Herlev-Gentofte Hospital, 
Denmark; 10Critical Care Unit, Hospital Israelita Albert Einstein, São Paulo, Brazil; 11Department of Infectious Diseases, Aarhus University Hospital, Denmark; 12Department of General Intensive Care, 
University Hospital of Liege, Domaine universitaire de Liège, Belgium; 13Department of Intensive Care, Hospital das Clinicas and 14Department of Internal Medicine, School of Medicine, Universidade 
Federal de Minas Gerais, Belo Horizonte, Brazil; 15Critical Care and Peri-operative Medicine, Monash Health, and 16School of Clinical Sciences, Faculty of Medicine Nursing and Health Sciences, Monash 
University, Melbourne, Victoria, Australia; and 17Clinic of Pneumology and Pulmonary Cell Research, University Hospital Basel, and  18Faculty of Medicine, University of Basel, Switzerland

Background.   Whether procalcitonin (PCT)–guided antibiotic management in patients with positive blood cultures is safe re-
mains understudied. We performed a patient-level meta-analysis to investigate effects of PCT-guided antibiotic management in 
patients with bacteremia.

Methods.  We extracted and analyzed individual data of 523 patients with positive blood cultures included in 13 trials, in which 
patients were randomly assigned to receive antibiotics based on PCT levels (PCT group) or a control group. The main efficacy end-
point was duration of antibiotic treatment. The main safety endpoint was mortality within 30 days.

Results.  Mean duration of antibiotic therapy was significantly shorter for 253 patients who received PCT-guided treatment 
than for 270 control patients (–2.86 days [95% confidence interval [CI], –4.88 to –.84]; P = .006). Mortality was similar in both arms 
(16.6% vs 20.0%; P = .263). In subgroup analyses by type of pathogen, we noted a trend of shorter mean antibiotic durations in the 
PCT arm for patients infected with gram-positive organisms or Escherichia coli and significantly shorter treatment for subjects with 
pneumococcal bacteremia. In analysis by site of infection, antibiotic exposure was shortened in PCT subjects with Streptococcus 
pneumoniae respiratory infection and those with E. coli urogenital infections.

Conclusions.  This meta-analysis of patients with bacteremia receiving PCT-guided antibiotic management demonstrates lower 
antibiotic exposure without an apparent increase in mortality. Few differences were demonstrated in subgroup analysis stratified 
by type or site of infection but notable for decreased exposure in patients with pneumococcal pneumonia and E. coli urogenital 
infections.
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Duration of antibiotic therapy for patients hospitalized with 
confirmed or suspected infections often exceeds recommended 
lengths of treatment [1]. The resulting overuse in antibiotics is 
a key driver for the emergence of antibiotic-resistant bacteria 
and leads to potentially avoidable drug adverse events including 
Clostridium difficile infection [2]. Implementation of steward-
ship programs is an important measure to curb this trend [3]. 
Still, given the limitations of current diagnostic tools, clinicians 

are often reluctant to prescribe shorter antibiotic courses even 
when clinical improvement is evident. This is particularly true 
for patients with positive blood cultures. Using a biomarker that 
is a sensitive surrogate of bacterial infection as a supplement to 
clinical judgement may be one promising approach to reduce 
antibiotic overuse in the hospital setting [4, 5].

Recently, the US Food and Drug Administration approved 
the serum biomarker procalcitonin (PCT) to guide antibi-
otic therapy in patients with acute respiratory infections and 
sepsis [6]. Several clinical studies found that PCT levels de-
crease during recovery from acute bacterial infections and 
demonstrated that PCT kinetics have important prognostic 
value [7]. As a surrogate of host response to bacterial infections, 
PCT may therefore serve as an adjunct to traditional clinical 
and diagnostic parameters and help to gauge resolution to in-
fection, thereby allowing for more individualized treatment [4].
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Several trials have now investigated the effects of PCT-guided 
use of antibiotics in patients with respiratory infections and 
sepsis [8, 9]. PCT guidance care resulted in shorter durations 
of antibiotic treatment and positive clinical outcomes, specifi-
cally a lower rate of antibiotic-related side effects and mortality 
[8]. Nevertheless, significant concerns remain about the effec-
tiveness and safety of this approach in patients with infections 
associated with bacteremia, and physicians may be reluctant to 
reduce treatment duration in this patient population. Moreover, 
infectious diseases society guidelines in the United States and 
Europe currently recommend standard durations of therapy for 
most patients with confirmed bacteremia to guard against clin-
ical outcomes such as endocarditis [10].

Because most individual PCT trials were underpowered to look 
at patients with bacteremia, there is currently no comprehensive 
analysis to close this knowledge gap. We therefore performed a 
secondary analysis of a patient level meta-analysis assessing clin-
ical outcomes of PCT-guided care in patients with positive blood 
cultures, stratified by type of bacteria, to determine if duration 
of antibiotic therapy may be safely shortened from the standard 
prescribed length using PCT-guided algorithms [11, 12].

METHODS

Definition of Patient Population and Trial Selection

We performed a secondary analysis of an individual patient 
data meta-analysis of PCT-guided antibiotic stewardship trials 
focusing exclusively on patients with positive blood cultures 
[8, 9]. Trial selection and data collection were performed as 
originally described in a protocol published in the Cochrane 
Library [9] and the report was prepared according to Preferred 
Reporting Items for Systematic Review and Meta-analyses indi-
vidual patient data guidelines [13, 14]. For this analysis, we in-
cluded all patients with a clinical infection involving any organ 
system (eg, respiratory, abdominal, urogenital) who also had 
positive blood cultures. We did not include pediatric patients 
and trials not using PCT to guide initiation and duration of an-
tibiotic treatment.

Trial Search and Data Collection

The search strategy for this review was updated in February 
2018 in collaboration with personnel from the Cochrane col-
laboration and executed in all databases from the date of their 
inception to February 2018. All references were screened for 
eligibility. Databases searched included the Cochrane Central 
Register of Controlled Trials (January 2017, Issue 1), Medline 
Ovid (1966 to February 2017), and Embase (1980 to February 
2017). We applied no language or publication restrictions.

Two authors (Y. W.  and M.  A. M.) independently assessed 
trial eligibility based on titles, abstracts, and full-text reports. 
Study protocols, case report forms, and unedited databases 
containing individual patient data were requested from 
investigators of all eligible trials. Data from each trial were first 

checked against reported results, and queries were resolved 
with the principal investigator, trial data manager, or statisti-
cian. Data were assessed in a consistent manner across all trials, 
with standard definitions and parameters, and thus mortality 
rates differed slightly from previous reports. In accordance with 
the Cochrane methodology, we used the GRADE (Grading of 
Recommendations, Assessment, Development, and Evaluation) 
approach to assess risk of selection bias, performance bias, de-
tection bias, attrition bias, reporting bias, and other types of bias 
[15]. The grading was done by 2 authors (Y. W. and M. A. M.) 
and in case of conflicting results, grading was discussed with 
another author (P. S.) and within the meta-analysis group.

Patients and Endpoints

All patients with true-positive blood cultures randomized to PCT-
guided care or the control group were eligible for inclusion in the 
analysis. We excluded 5 patients because their blood culture results 
were classified as likely to be a contaminant and not a true bac-
teremia. The main efficacy endpoint was duration of antibiotic 
treatment in days. The main safety endpoint was mortality within 
30 days of randomization. For trials with a shorter follow-up pe-
riod treatment failure at the time of hospital discharge was utilized 
as the measure of safety. Other secondary endpoints included 
length of hospital stay and length of intensive care unit (ICU) stay.

All trials included in the meta-analysis received approval 
from their institutional review boards and enrolled patients 
who provided informed consent.

Statistical Analysis

The statistical analysis was adapted from the previously 
published Cochrane Library study protocol [11] with special 
emphasis on patients with positive blood cultures. In brief, 
we calculated odds ratios (ORs) and 95% confidence intervals 
(CIs) using mixed multivariable hierarchical logistic regression 
model for all binary endpoints [16, 17]. Variables in the multi-
variate analysis included treatment arm, age, sex, and type of 
infection. To control for within-and between-trial variability, 
a “trial” variable was added to the model as a random effect. 
Corresponding linear regression models were fitted for length 
of stay, a continuous endpoint. Analyses followed the intention-
to-treat principle by analyzing patients in groups to which they 
were randomized. We tested for predefined subgroup effects by 
type of bacteria overall and within specific types of infection by 
adding interaction terms to the model. All statistical analyses 
were performed using Stata version 15.1 (StataCorp, College 
Station, Texas).

Role of the Funding Source

There was no funding for this secondary analysis. The National 
Institute for Health Research provided a research grant for the 
initial Cochrane analysis. The sponsor of the study had no role 
in study design, data collection, data analysis, data interpreta-
tion, or writing of the report. The corresponding author had full 
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access to all the data in the study and had final responsibility for 
the decision to submit for publication.

RESULTS

Results of Systematic Search and Characteristics of Included Trials

Nine hundred ninety records were identified through the sys-
tematic literature search, 32 of which were eligible for anal-
ysis. We excluded 14 trials that had insufficient information 
on blood culture results, 1 trial with no positive cultures, and 
4 trials with insufficient clinical data (Figure 1). Thus, we in-
cluded 523 patients with positive blood cultures from 13 trials 
into the final analysis.

Data were obtained from trials performed in 7 countries in-
cluding Switzerland, France, the United States, Denmark, Brazil, 
Belgium, and Australia (Table 1). Six trials were conducted in 
the emergency department (ED) and medical ward and 7 in the 
ICU. PCT algorithms used in the different trials were similar in 
design and recommended discontinuation of antibiotic therapy 
when PCT levels decreased to <0.25 μg/L in ED/medical ward 
trials and <0.5 μg/L in ICU trials [18]. Adherence to algorithms 
was variable, ranging from 46% to 100% (Addendum 1).

Baseline Characteristics

Baseline characteristics of individual patients were similar in 
PCT-guided and control groups. Half of the patients had a res-
piratory infection and 16% had a urinary tract infection. A total 
of 243 patients had gram-positive bacteria, with Streptococcus 
pneumoniae being the most common type, and 196 patients had 

gram-negative bacteria, with Escherichia coli most frequently 
identified (Table  2). The mean PCT value was ≤29.7  µg/L in 
subjects with gram-positive bacteremia compared to those with 
gram-negative bacteremia (23.1 ± 46.0 µg/L vs 45.3 ± 96.5 µg/L; 
P = .004).

Primary Efficacy Endpoint: Duration of Antibiotic Treatment

Duration of antibiotic treatment was significantly lower for 
patients in the PCT-guided treatment arm compared with con-
trol patients (12.7 ± 10.9 days vs 15.6 ± 12.8 days; adjusted dif-
ference, –2.86 [95% CI, –4.88 to –.84] days; P = .006). Despite 
large CIs in subgroup analysis, we found no evidence for a 
subgroup effect indicating variances from the overall effect by 
means of interaction testing stratified by pathogen identified 
(Table 3; Figure 2) or site of infection (ie, respiratory, urogen-
ital, and abdominal infections) (P for interaction > .05 each). 
However, subgroup analysis revealed a more pronounced de-
crease in duration of antibiotic therapy for PCT group subjects 
with S.  pneumoniae respiratory infections and bacteremia 
(adjusted difference, –4.75 [95% CI, –7.71 to –1.80]; P for inter-
action = .021) and all urogenital infections, most notably those 
secondary to E. coli (adjusted difference, –4.21 [95% CI, –7.98 
to –.40]; P for interaction = .629; Table 4; Addendum 2).

Primary Safety Endpoint: Mortality

There were 42 deaths in 253 patients in the PCT-guided treat-
ment arm (16.6%) vs 54 deaths in 270 control subjects (20.0%), 
resulting in an adjusted OR for mortality of 0.82 (95% CI, 
.57–1.16; P  =  .263; Table  3). Mortality rates differed by path-
ogen identified with the highest rates noted for patients with 
S. aureus bacteremia in both arms. Consistent with the overall 
finding, there were also no significant differences in 30-day 
mortality between PCT and control subjects in subgroup anal-
ysis by bacterial pathogen type or site of infection (P for inter-
action > .05 each; Tables 3 and 4; Figure 2; Addenda 2 and 3).

Length of Stay

Length of hospital stay was similar in PCT-guided and con-
trol group patients (mean, 22.5 ± 21.9 days vs 21.2 ± 24.0 days; 
adjusted difference, –1.48 [95% CI, –5.27 to 2.30] days; 
P = .443), as was length of ICU stay between the 2 arms (mean, 
13.3 ± 14.6 vs 13.6 ± 16.4 days; adjusted difference, 0.55 [95% 
CI, −2.48 to 3.57] days; P =  .723) (Table 3). This finding was 
conserved in subgroup analyses with no evidence for subgroup 
effects (P for interaction > .05 each; Table 4; Addenda 2 and 3).

DISCUSSION

In this meta-analysis of individual patient data from 523 
subjects with positive blood cultures from 13 randomized 
trials, we found a significant decrease in antibiotic treatment 
duration with the use of PCT treatment algorithms. There was 
no evidence for effect modification by type of pathogen or 

990 records identified t
database searching of 
Central, Medline, and
Embase

hrough 

919 records excluded based on 
review of titles and abstracts

71 articles assessed for 
eligibility 

32 RCTs with a total of 9909
participants included in
aggregate data analysis

39 articles excluded:
1 not using PCT 
2 reviews
2 pediatric studies
2 editorials
26 nonrandomized
6 duplicate publications

13 RCTs with a total of 523 
participants with positive 
blood cultures included in final 
individual patient data analysis

4 datasets not received
14 datasets with no record of 
blood cultures
1 dataset with no positive 
blood cultures

Figure  1.  Study flowchart. Abbreviations: PCT, procalcitonin; RCT, randomized 
controlled trial.
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site of infection, although individual subgroups were mostly 
small with large CIs. Patients with respiratory infections and 
S.  pneumoniae bacteremia demonstrated a more pronounced 
effect of PCT-guided care on antibiotic duration. In the safety 
assessment, there were no differences in mortality, length of 
hospital stay, or length of ICU stay noted between the PCT-
guided care and control groups. Our results therefore demon-
strate that PCT may be helpful in reducing antibiotic treatment 

durations in patients with bacteremia with no apparent harmful 
effects.

Procalcitonin treatment algorithms have been proposed as 
an adjunct to traditional clinical and diagnostic tools to guide 
antibiotic therapy in patients with respiratory infections and di-
agnostic uncertainty due to the absence of definitive microbi-
ological diagnosis [19, 20]. This approach was found to reduce 
antibiotic exposure, side effects from antibiotics, and mortality 
in a recent meta-analysis of mostly European trials [8]. Current 
trials and aggregate data meta-analyses based on these trials, 
however, so far were not able to give conclusive evidence re-
garding the use of PCT in patients with bacteremia due to the 
low number of patients with bacteremia within each individual 
trial. To our knowledge, this is the first comprehensive analysis 
assessing the added value of PCT treatment algorithms in patients 
with bacteremia and thus closes an important knowledge gap.

For this analysis, we pooled individual patient data from 
different trials. Trials differed in regard to the patient popula-
tion (eg, respiratory infection, general sepsis), setting (eg, ED, 
medical ward, ICU), and type of PCT protocol used (eg, rec-
ommendation regarding initiation vs stop of therapy), also with 
different cutoffs (eg, 0.25 μg/L in lower-risk settings vs 0.5 μg/L 
in higher-risk settings). We have previously compared different 
PCT protocols and found PCT to be most helpful when used for 
early stopping antibiotic treatment, particularly in the setting of 
high-risk patients such as patients with positive blood cultures, 
using the 0.25 μg/L cutoff for the ED setting and 0.5 μg/L for the 
ICU setting [18].

International guidelines recommend treatment durations 
of <8  days in patients with CAP [10]. However, no specific 
recommendations exist for bacteremic CAP patients. Common 
practice varies, though duration of therapy generally ranges 
from 10 to 14  days. Our subgroup analysis demonstrated 
significantly shorter duration of therapy for patients with 
S. pneumoniae lower respiratory infection and bacteremia in the 
PCT algorithm treatment arm compared to the control group. 
Since duration of therapy decreased from 15 to 11 days, PCT-
guided care may boost provider confidence in defaulting to the 
lower end of the 10–14 days rather than continuing prolonged 
therapy. Interestingly, we saw similar results for patients with 
respiratory infections and bacteremia due to another common 
respiratory pathogen, Haemophilus influenzae, and conversely 
a trend to increased duration of therapy for subjects with S. au-
reus infection in the PCT-guided treatment arm compared to 
the control arm. Although our sample overall is large, the sta-
tistical power within most subgroups was limited. While these 
results did not reach statistical significance due to the small 
sample size, they illustrate the benefit of utilizing PCT to pro-
vide more individualized care rather than a standard duration 
of therapy recommendation, which may result in antibiotic 
overuse or premature discontinuation of therapy.

Table 2.  Baseline Characteristics of Included Patients

Parameter
Control  

(n = 270)
PCT Group  
(n = 253)

Demographics

  Age, y, mean ± SD 64.3 ± 16.7 64.4 ± 16.9

  Male sex 149 (55.2) 137 (54.2)

Focus

  Respiratory 126 (50.8) 119 (51.5)

  Urinary 38 (15.3) 37 (16.0)

  Abdominal 18 (7.3) 19 (8.2)

  Skin/soft tissue 6 (2.4) 5 (2.2)

  Central nervous system 2 (0.8) 3 (1.3)

  Catheter related 2 (0.8) 5 (2.2)

  Bloodstream 22 (8.9) 14 (6.1)

  Other/unknown 34 (13.7) 28 (12.1)

Blood culture (gram-positive)

  Streptococcus pneumoniae 66 (27.8) 50 (23.0)

  Streptococcus spp 22 (9.3) 20 (9.2)

  Staphylococcus aureus 31 (13.1) 19 (8.8)

  MRSA 1 (0.4) 2 (0.9)

  CoNS 11 (4.6) 14 (6.5)

  Other gram-positive bacteria 5 (2.1) 2 (0.9)

Blood culture (gram-negative)

  Escherichia coli 46 (19.4) 47 (21.7)

  Other Enterobacteriaceae 26 (11.0) 32 (14.7)

  Pseudomonas aeruginosa 11 (4.6) 9 (4.1)

  Haemophilus influenzae 6 (2.5) 4 (1.8)

  Neisseria meningitidis 2 (0.8) 2 (0.9)

  Moraxella catarrhalis 0 (0.0) 3 (1.4)

  Other gram-negative bacteria 6 (2.5) 2 (0.9)

  Unspecified bacteremia 4 (1.7) 11 (5.1)

Vital signs

  Temperature, °C, mean ± SD 38.0 ± 1.2 38.1 ± 1.2

Sepsis score

  SOFA score 7.3 ± 3.9 7.6 ± 4.2

Laboratory assessments

  CRP day 0, mg/L, mean ± SD 259.8 ± 406.0 299.6 ± 537.9

  PCT day 0, μg/L, mean ± SD 35.2 ± 82.6 24.3 ± 50.2

  Creatinine, μmol/L, mean ± SD 99.3 ± 88.8 92.5 ± 84.2

  Arterial pH, mean ± SD 7.44 ± 0.06 7.42 ± 0.10

Additional sepsis support

  Vasopressor use 90 (59.6) 87 (58.4)

  Ventilator support 64 (42.1) 61 (40.4)

  Renal replacement 193 (71.5) 182 (71.9)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CoNS, coagulase-negative staphylococci; CRP, C-reactive protein; MRSA, 
methicillin-resistant Staphylococcus aureus; PCT, procalcitonin; SD, standard deviation; 
SOFA, Sepsis-Related Organ Failure Assessment.
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Table 3.  Clinical Endpoints Stratified by Subgroup of Bacterial Subspecies

Endpoint Control Group PCT Group
Adjusted OR or  

Difference (95% CI)a, P Value
P for 

Interaction

Overall 270 253

  Antibiotic therapy 15.6 ± 12.8 12.7 ± 10.9 –2.86 (–4.88 to –.84), P = .006

  30-d mortality, No. (%) 54 (20.0) 42 (16.6) 0.82 (.57–1.16), P = .263

  Length of hospital stay 22.5 ± 21.9 21.2 ± 24.0 –1.48 (–5.27 to 2.30), P = .443

  Length of ICU stay 13.3 ± 14.6 13.6 ± 16.4 0.55 (–2.48 to 3.57), P = .723

Subgroup by Gram stain

  Gram-positive 136 107

    Antibiotic therapy 16.9 ± 14.3 12.2 ± 11.0 –4.63 (–7.87 to –1.39), P = .005 .151

    30-d mortality, No. (%) 26 (19.1) 21 (19.6) 0.97 (.60–1.57), P = .899 .425

    Length of hospital stay 21.9 ± 24.1 18.3 ± 18.3 –3.99 (–9.17 to 1.19), P = .131 .197

    Length of ICU stay 12.6 ± 15.3 13.6 ± 18.3 1.00 (–4.57 to 6.58), P = .725 .971

  Gram-negative 97 99

    Antibiotic therapy 13.6 ± 11.4 12.3 ± 10.8 –1.29 (–4.37 to 1.80), P = .415 .151

    30-d mortality, No. (%) 21 (22) 16 (16) 0.77 (.43–1.37), P = .369 .425

    Length of hospital stay 22.1 ± 20.5 24.4 ± 31.3 2.30 (–5.08 to 9.68), P = .541 .197

    Length of ICU stay 12.7 ± 14.5 13.5 ± 17.4 1.75 (–2.76 to 6.25), P = .447 .971

Subgroup by bacterial species

  Streptococcus pneumoniae 66 50

    Antibiotic therapy 15.8 ± 7.6 11.3 ± 8.3 –4.52 (–7.40 to –1.64), P = .002 .393

    30-d mortality, No. (%) 5 (8) 3 (6) 0.76 (.19–3.04), P = .703 .965

    Length of hospital stay 15.1 ± 11.1 14.9 ± 11.7 –1.17 (–5.03 to 2.69), P = .552 .699

    Length of ICU stay 9.2 ± 9.8 13.8 ± 16.7 4.59 (–6.48 to 15.7), P = .417 .495

  Other Streptococcus spp 22 20

    Antibiotic therapy 16.6 ± 15.4 11.4 ± 7.8 –5.24 (–12.6 to 2.07), P = .160 .492

    30-d mortality, No. (%) 6 (27) 3 (15) 0.55 (.16–1.91), P = .347 .484

    Length of hospital stay 29.5 ± 28.7 16.4 ± 11.9 –13.1 (–26.3 to .12), P = .052 .082

    Length of ICU stay 17.6 ± 23.4 8.4 ± 8.0 –10.0 (–20.9 to 0.88), P = .072 .059

  Staphylococcus aureus 31 19

    Antibiotic therapy 19.1 ± 19.7 13.4 ± 8.3 –5.73 (–14.9 to 3.42), P = .220 .359

    30-d mortality, No. (%) 12 (39) 9 (47) 1.33 (.65–2.73), P = .435 .337

    Length of hospital stay 29.7 ± 34.7 19.7 ± 15.4 –10.1 (–26.3 to 6.18), P = .225 .160

    Length of ICU stay 11.4 ± 12.1 13.0 ± 12.2 1.59 (–5.52 to 8.70), P = .662 .755

  CoNS 11 14

    Antibiotic therapy 20.0 ± 25.9 17.5 ± 22.1 –2.50 (–20.6 to 15.6), P = .786 .935

    30-d mortality, No. (%) 2 (18) 5 (36) 1.95 (.48–7.90), P = .348 .213

    Length of hospital stay 28.5 ± 29.8 35.1 ± 35.9 5.33 (–19.8 to 30.4), P = .677 .376

    Length of ICU stay 12.5 ± 12.1 23.3 ± 31.9 10.8 (–8.43 to 30.0), P = .272 .087

  Escherichia coli 46 47

    Antibiotic therapy 15.2 ± 14.4 12.4 ± 9.0 –2.49 (–7.29 to 2.32), P = .310 .981

    30-d mortality, No. (%) 8 (17) 5 (11) 0.61 (.22–1.73), P = .355 .540

    Length of hospital stay 24.0 ± 20.8 22.1 ± 34.4 –1.94 (–13.4 to 9.52), P = .74 .882

    Length of ICU stay 11.6 ± 14.6 9.9 ± 13.1 –0.29 (–5.84 to 5.25), P = .918 .492

  Other Enterobacteriaceae 26 32

    Antibiotic therapy 10.2 ± 6.2 10.0 ± 7.8 –0.38 (–3.92 to 3.16), P = .832 .386

    30-d mortality, No. (%) 7 (27) 5 (16) 0.58 (.21–1.61), P = .296 .461

    Length of hospital stay 22.7 ± 22.5 23.0 ± 19.6 0.25 (–9.32 to 9.83), P = .958 .774

    Length of ICU stay 14.8 ± 16.6 15.2 ± 17.5 0.05 (–8.39 to 8.50), P = .990 .976

  Pseudomonas aeruginosa 11 9

    Antibiotic therapy 12.4 ± 7.5 16.4 ± 12.2 4.08 (–4.18 to 12.3), P = .333 .189

    30-d mortality, No. (%) 5 (45) 3 (33) 0.73 (.24–2.27), P = .590 .749

    Length of hospital stay 20.2 ± 21.0 39.7 ± 47.7 19.5 (–10.1 to 49.1), P = .197 .040

    Length of ICU stay 14.6 ± 13.7 19.2 ± 20.8 4.60 (–11.4 to 20.6), P = .573 .558

Data are presented as mean ± SD unless otherwise indicated. Antibiotic therapy, length of hospital stay, and length of ICU stay are shown in days. Bold values denote statistical significance 
at the P < .05 level.

Abbreviations: CI, confidence interval; CoNS, coagulase-negative staphylococci; ICU, intensive care unit; OR, odds ratio; PCT, procalcitonin; SD, standard deviation. 
aMultivariable hierarchical regression with outcome of interest as dependent variable and trial as a random effect.
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In a previous study, PCT-guided treatment of urinary 
tract infections showed a reduction in antibiotic exposure 
without apparent negative effects [21]. Sandberg et al showed 
noninferiority for 7 days of quinolone-based therapy in women 
with acute pyelonephritis regardless of bacteremia [22]. Current 
guidelines suggest a treatment time of 1–2 weeks for an un-
complicated gram-negative bacteremia [23, 24]. However, a 
new study evaluated a duration of 7 vs 14 days in gram-nega-
tive bacteremia and demonstrated noninferiority of the shorter 
treatment time [25]. Similarly, we noted a decrease in antibi-
otic duration in patients in the PCT treatment arm, without 
increased mortality and with shorter length of stay. Although 

this subgroup was limited by a rather small sample size, these 
findings support utilizing PCT treatment algorithms to guide 
therapy for patients with E.  coli bacteremia and urogenital 
infections.

In abdominal infections, the appropriate treatment time 
largely depends on adequate source control. The results of the 
Trial of Short-Course Antimicrobial Therapy for Intraabdominal 
Infection showed similar results if using a fixed 4-day course of 
antibiotic treatment or a clinical and laboratory-driven course 
(median, 8 [interquartile range, 5–10] days) [26]. But this 
study did not focus on bacteremia. Our results did not show 
differences in antibiotic treatment duration or other clinical 
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Figure 2.  Forest plot showing 30-day mortality (A) and difference in antibiotic therapy (B). Abbreviations: CI, confidence interval; OR, odds ratio.
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outcomes between the PCT and control arms in patients with 
abdominal infections. However, this may be at least partially 
influenced by the inability to achieve source control and other 
confounding factors. Future research should more closely look 
at patients with abdominal infection to improve antibiotic man-
agement and reduce associated side effects.

The strengths of this meta-analysis include a predefined 
study protocol, a comprehensive search and retrieval of all rele-
vant trials, and a network that permitted inclusion of individual 
patient data from most eligible trials. We also standardized 
outcome definitions across trials and performed appropriate 
subgroup and sensitivity analyses, thereby overcoming the lim-
itation of previous meta-analyses with aggregated data to make 
more definitive conclusions. We are, to our knowledge, the first 

to look at the effect of PCT guidance in bacteremic patients. 
However, our study still has limitations. First, adherence to the 
PCT algorithm was variable among the studies, ranging from 
44% to 100%. Adherence was closely related to the severity of 
infection with better adherence in low-risk populations, and 
lower adherence in high-risk trials. As seen in a very recent 
trial, low adherence may strongly interfere with effects of PCT 
protocols [27], making education of physicians regarding the 
benefits of utilizing PCT imperative. Second, we limited our 
analysis to immunocompetent adults, thereby impeding gen-
eralizability of our conclusions to other patient populations. 
Third, we had substantial heterogeneity in our patient popula-
tion in regard to site of infection and pathogen identified. This 
also limits generalizability of results, particularly for our main 

Table 4.  Clinical Endpoints Stratified by Bacterial Subspecies in Respiratory Infection

Endpoint Control Group PCT Group
Adjusted OR or Difference 

(95% CI)a, P Value P for Interaction

All respiratory infection 112 98

  Antibiotic therapy 14.2 ± 7.7 12.0 ± 10.4 –2.11 (–4.55 to .33), P = .090

  30-d mortality, No. (%) 19 (17.0) 15 (15.3) 0.75 (.43–1.32), P = .316

  Length of hospital stay 16.6 ± 14.0 19.9 ± 26.3 2.12 (–3.14 to 7.38), P = .429

  Length of ICU stay 15.7 ± 14.0 17.3 ± 18.3 1.58 (–5.42 to 8.57), P = .658

Streptococcus pneumoniae 63 48

  Antibiotic therapy 15.9 ± 7.7 11.2 ± 8.2 –4.75 (–7.71 to –1.80), P = .002 .021

  30-d mortality, No. (%) 5 (8) 2 (4) 0.50 (.10–2.47), P = .398 .568

  Length of hospital stay 14.9 ± 11.1 14.7 ± 11.4 –1.31 (–5.21 to 2.59), P = .510 .258

  Length of ICU stay 11.0 ± 11.3 14.1 ± 17.8 3.08 (–10.9 to 17.0), P = .664 .881

Staphylococcus aureus 12 9

  Antibiotic therapy 12.7 ± 8.1 16.1 ± 7.6 3.44 (–3.05 to 9.94), P = .299 .145

  30-d mortality, No. (%) 6 (50) 4 (44) 0.58 (.07–4.56), P = .604 .867

  Length of hospital stay 19.2 ± 16.0 22.1 ± 12.6 2.94 (–9.08 to 15.0), P = .631 .961

  Length of ICU stay 12.9 ± 10.5 16.1 ± 10.3 3.24 (–6.19 to 12.7), P = .500 .792

Escherichia coli 7 10

  Antibiotic therapy 7.9 ± 5.0 10.0 ± 6.5 0.91 (–4.28 to 6.10), P = .731 .337

  30-d mortality, No. (%) 0 (0) 1 (10)

  Length of hospital stay 16.9 ± 12.6 36.8 ± 68.1 –1.99 (–14.5 to 10.5), P = .756 .078

  Length of ICU stay 32.5 ± 2.1 18.2 ± 15.1 –14.3 (–33.0 to 4.43), P = .135 .245

Pseudomonas aeruginosa 7 5

  Antibiotic therapy 16.3 ± 6.0 16.6 ± 16.6 0.32 (–11.7 to 12.3), P = .959 .643

  30-d mortality, No. (%) 2 (29) 2 (40) 1.40 (.29–6.86), P = .678 .599

  Length of hospital stay 28.3 ± 22.7 23.2 ± 20.5 –5.09 (–28.0 to 17.8), P = .663 .469

  Length of ICU stay 23.2 ± 14.9 19.6 ± 17.1 –3.65 (–22.4 to 15.1), P = .702 .623

Haemophilus influenzae 5 4

  Antibiotic therapy 10.4 ± 3.9 6.2 ± 4.5 –4.15 (–8.99 to .69), P = .093 .734

  30-d mortality, No. (%) 0 (0) 1 (25)

  Length of hospital stay 8.8 ± 5.3 25.0 ± 27.9 16.2 (–4.45 to 36.9), P = .124 .385

  Length of ICU stay 9.5 ± 2.1 6.0 ± 4.0 –3.50 (–8.33 to 1.33), P = .156 .720

Others 18 22

  Antibiotic therapy 11.6 ± 7.5 13.2 ± 15.1 1.62 (–5.87 to 9.10), P = .672 .155

  30-d mortality, No. (%) 6 (33) 5 (23) 0.69 (.25–1.90), P = .471 .575

  Length of hospital stay 18.4 ± 17.8 21.3 ± 21.6 4.03 (–8.25 to 16.3), P = .520 .964

  Length of ICU stay 16.4 ± 17.4 22.7 ± 25.7 6.24 (–9.76 to 22.2), P = .445 .424

Data are presented as mean ± SD unless otherwise indicated. Antibiotic therapy, length of hospital stay, and length of ICU stay are shown in days. Bold values denote statistical significance 
at the P < .05 level.

Abbreviations: CI, confidence interval; ICU, intensive care unit; OR, odds ratio; PCT, procalcitonin; SD, standard deviation.
aMultivariable hierarchical regression with outcome of interest as dependent variable and trial as a random effect.
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endpoint, mortality. Also, we were not able to look at safety 
endpoints other than mortality and length of stay due to the 
lack of such outcome data in our dataset. Finally, we did not in-
clude the recent Procalcitonin Antibiotic Consensus trial in our 
dataset as the study was not available at the time of analysis [27].

In conclusion, this pooled analysis of PCT-guided antibi-
otic management in patients with positive blood cultures from 
previous randomized trials showed lower antibiotic exposure 
without an apparent increase in mortality. Effects were most 
notable in patients with respiratory infections from common 
respiratory pathogens. PCT treatment algorithms thus offer the 
opportunity to provide more individualized care, particularly 
for patients with CAP independent of blood culture results.
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