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Study objective: Efforts to reduce unnecessary and unnecessarily long antibiotic treatment for community-acquired pneumonia have
been attempted through use of procalcitonin and through guidelines based on serial clinical assessment. Our aim is to compare guideline-
based clinical assessment- and procalcitonin algorithm-guided antibiotic use among patients with community-acquired pneumonia.

Methods: We performed a pragmatic, randomized, multicenter trial from November 2012 to April 2015 at 12 French hospitals.
We included emergency department (ED) patients older than 18 years with community-acquired pneumonia. Patients were
randomly assigned to either the procalcitonin-guided or clinical assessment group. In accordance with past studies, we
hypothesized that serial clinical assessment would be superior to procalcitonin-guided care. The primary outcome was antibiotic
duration, and secondary outcomes included rates of antibiotic duration less than or equal to 5 days, and clinical success and
combined serious adverse outcomes at 30 days in the intention-to-treat population.

Results: Of 370 eligible patients, 285 (77%) were randomly assigned to either clinical assessment- (n=143) or procalcitonin-
guided care (n=142). Median age was 67 years (range 18 to 93 years) and 40% of patients were deemed to have Pneumonia
Severity Index class IV or V. Procalcitonin algorithm adherence was 76%. Antibiotic duration was not significantly different between
clinical assessment- and procalcitonin-guided groups (median 9 versus 10 days, respectively). Clinical success rate was 92% in
each group and serious adverse outcome rates were similar (15% versus 20%, respectively).

Conclusion: Guideline-based serial clinical assessment did not reduce antibiotic exposure compared with procalcitonin-guided
care among ED patients with community-acquired pneumonia. The strategies were similar in terms of duration of antibiotic use

and clinical outcomes. [Ann Emerg Med. 2019;74:580-591.]
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INTRODUCTION
Background

Efforts to reduce unnecessary and unnecessarily long
antibiotic treatment for community-acquired pneumonia
have been made through use of biomarkers, specifically
procalcitonin,l‘3 and through guidelines relying on serial
clinical assessment.”” Procalcitonin level has been
associated with bacterial as opposed to nonbacterial
infection.® Trials in which patients with lower respiratory
tract infection were randomized to antibiotic treatment
based on an algorithm of initial and serial procalcitonin
measurements or usual care have found significantly lower

rates of antibiotic exposure with the procalcitonin strategy,
with similar rates of adverse clinical outcomes, including for
patients with community-acquired pneumonia.'~
Guidelines for clinical stability criteria have also been
developed and used to minimize antibiotic duration for
patients with community-acquired pneumonia.” A
randomized trial comparing clinical guideline—directed care
with usual care found that guideline-directed care
significantly reduced antibiotic exposure, with similar rates
of clinical success and no more adverse outcomes.’
Previous procalcitonin trials of antibiotic reduction in
lower respiratory tract infection have been limited by active
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Editor’s Capsule Summary

What is already known on this topic

Procalcitonin levels increase in acute bacterial
respiratory infections and may help guide antibiotic
use, as may bedside guideline-based approaches.

What question this study addressed

How does a procalcitonin-guided antibiotic strategy
compare with a consensus clinical guideline—based

approach?

What this study adds to our knowledge

In 12 French hospitals treating 285 emergency
department (ED) patients with presumed
community-acquired pneumonia who were randomly
assigned to one of the approaches, the group
antibiotic duration, success, and adverse events did
not reveal the difference hypothesized before the trial.

How this is relevant to clinical practice

Individuals creating ED community-acquired
pneumonia care approaches can use either consensus
clinically based or procalcitonin-driven strategies.

real-time direction only to clinicians caring for patients
assigned to the procalcitonin strategy, comparison with
usual care that was not informed by current clinical
guidelines for antibiotic discontinuation by the Infectious
Diseases Society of America (IDSA)/American Thoracic
Society (ATS)” and in which newer short-course treatment
regimens were unavailable,®” and evaluation of mixed
populations of patients with lower respiratory tract
infection, including patients with diagnoses for which
antibiotics have been demonstrated to be of no clinical
benefit (eg, acute bronchitis). In the largest trial of patients
with community-acquired pneumonia managed by a
procalcitonin-based algorithm, median antibiotic duration
was 8 days; however, it was 5 days in a trial in which
patients with community-acquired pneumonia were
managed by clinical assessment based on the IDSA/ATS
guidelines.”” Consequently, for patients with community-
acquired pneumonia, the advantage of procalcitonin-
guided care compared with clinical assessment—guided care
to safely reduce antibiotic exposure is presently unclear.

Importance

Reducing inappropriate antibiotic use is associated with
avoidable costs and adverse events, as well as decreased
promotion of bacterial resistance.'”'" Reducing
inappropriate use (ie, when antibiotics are prescribed for

conditions for which no patient benefit is likely) is a
2,13

priority of public health agencies.'”

Goals of This Investigation

To identify the optimal approach to reducing
unnecessary antibiotic exposure, we compared outcomes
among 285 emergency department (ED) patients with
community-acquired pneumonia who were randomly
assigned to antibiotic management by serial clinical
assessment based on IDSA/ATS guidelines” or a previously
studied procalcitonin algorithm.'™

MATERIALS AND METHODS

Study Design and Setting

We conducted a pragmatic, multicenter, open-label,
randomized, controlled, interventional trial from
November 2012 to April 2015 at 12 French hospitals
(Table E1, available online at http://www.annemergmed.
com). The Nantes University Hospital ethical committee
approved the study protocol and informed consent
procedures. An independent data and safety monitoring
board was established. All patients provided written
informed consent before inclusion in the study.

Selection of Participants

We enrolled adults who presented to the ED for whom
the attending emergency physician made the presumptive
diagnosis of community-acquired pneumonia. During
most periods, consecutive patients were enrolled; however,
during some times when EDs were particularly busy, some
potentially eligible patients were missed. All enrolled
patients were randomized between the 2 groups, with
stratification based on site. The randomization was realized
by blocks with a random block size. Provider participants
were those already caring for the patient at enrollment.
Therefore, the strategy followed by the provider was
determined by the care group to which the patient was
randomized.

Standard laboratory and radiographic testing was
conducted at the discretion of the patient’s treating
clinician. We enrolled patients who had at least 2 of 3
respiratory infection criteria: an acute respiratory symptom
(ie, cough, sputum production, dyspnea, tachypnea, or
pleuritic pain); abnormal lung auscultatory sounds; and
signs of infection (ie, oral temperature >38.0°C (100.4°F)
or <36.0°C (96.8°F), sweats, chills, or leukocyte count
>10,000/pL or <4,000/uL) and a new infiltrate on chest
radiograph (sputum with WBCs was not required).'*

We excluded patients with pregnancy,
immunosuppression (ie, HIV infection and a CD4 count
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<200 cells/mL, neutropenia, active cancer, organ
transplant, and active treatment with immunosuppressive
drugs), exacerbation of chronic obstructive pulmonary
disease, or a life-threatening presentation expected to lead
to possible imminent death (according to provider
assessment), or who had received antibiotics for the current
episode of illness. Because the protocol required repeated
assessment at 6 to 24 hours, patients who were anticipated
to be discharged from the ED within 6 hours of their

registration were excluded.

Methods of Measurement

On patient enrollment, we recorded demographics,
clinical history, coexistent illnesses, examination
findings, and laboratory and imaging results based on the
radiologist’s interpretation, and calculated the
Pneumonia Severity Index class. Participants were then
followed and we recorded procalcitonin levels, antibiotic
use, hospitalization, guideline-based clinical stability
criteria at day 5 (ie, pulse rate <100 beats/min,
respiratory rate <24 breaths/min, systolic blood pressure
>90 mm Hg, Sao, >90%, or Po, >60 mm Hg on room
air),” clinical cure (defined as resolution of all
pneumonia-related signs and symptoms or improvement
of chest radiographic findings), and serious adverse

Clinical assessment-guided group

outcomes (defined as death from any cause, ICU
admission for any reason, and disease-specific
complications [ie, lung abscess, empyema, or acute
respiratory distress syndrome], or recurrent community-
acquired pneumonia requiring antibiotic treatment with
or without readmission). These outcomes were assessed
by daily physical visits during hospital stay and by a
structured telephone interview on day 30 (Appendix E1,
available online at http://www.annemergmed.com).

Procalcitonin was measured with a rapid sensitive assay
with a functional assay sensitivity of 0.06 pg/L (Kryptor
PCT; Brahms, Hennigsdorf, Germamy).2 This laboratory
test was performed on site in the laboratory of each
participating hospital.

Interventions

Study interventions are detailed in Figure 1. Using a
double-blind computer-generated list, we assigned
participants in a 1:1 ratio to the clinical assessment— or
procalcitonin-guided care group. Physicians were allowed
to manage patients according to their assigned group
without real-time investigator monitoring of their care, and
were not required to justify algorithm or clinical guideline
deviations. Protocol adherence was retrospectively
determined according to review of participant records.

Day 30:
End of
follow-up
|
|
|

Assess diagnosis of
CAP and if antibiotics
needed

on IDSA/ATS guidelines

Inclusion

Assess antibiotic discontinuation based

Procalcitonin (PCT)-guided group

[ He-tos | [ pay3 || pays || pay7 |
1 [ [ [

Day 30:
End of
follow-up
|
|
|

Repeat PCT if first
negative

PCT measurement to
assess antibiotic
initiation

PCT measurement to assess antibiotic continuation

Figure 1. Study interventions. H6-H24, Hour 6 and hour 24 after randomization; CAP, community-acquired pneumonia;

PCT, procalcitonin.
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Before the study, the procalcitonin algorithm was
known and procalcitonin measurement was available and
used in each participating hospital for at least 3 years,
and IDSA/ATS guidelines had been published, but
neither was part of any hospital policy or care pathway.
In the 3 months before the beginning of the trial, all
physicians in the ED and hospital received
approximately 2 hours of training about the background
and use of guideline-directed clinical assessment and the
procalcitonin algorithm. This training consisted of
prestudy meetings set up by the principal investigator
with local physicians. Training included examples and
exercises of antibiotic prescription or discontinuation
based on the 2 strategies to be compared. The
procalcitonin algorithm was based on that used in
previous studies”” and was as follows: initiation of
antibiotics was strongly not recommended if the
procalcitonin level was less than 0.1 pug/L and was not
recommended if the level was less than or equal to 0.25
ng/L; and initiation of antibiotics was strongly
recommended if the procalcitonin level was greater than
0.5 pg/L and recommended if the level was greater than
0.25 pg/L. If antibiotics were not initiated in the ED
after the first procalcitonin result, procalcitonin
measurements were repeated after 6 to 24 hours, and
initiation of antibiotics was evaluated with the same
cutoff ranges. Prespecified allowed exceptions to the
procalcitonin algorithm included immediate need for
ICU admission, respiratory or hemodynamic instability,
and severe community-acquired pneumonia (Pneumonia
Severity Index class IV or V).>” However, the
procalcitonin algorithm was a guideline that could be
overruled by the treating physician according to his or
her judgment. For participants in the procalcitonin
group, serum procalcitonin levels were available to the
emergency physician, with other laboratory results in
usual computer records, and antibiotic treatment was
guided by procalcitonin levels as described above. Initial
procalcitonin level was also measured in participants in
the clinical assessment group; however, the result was
not made available to the treating physician. Results were
routinely available within 1 hour.

Similar to the procalcitonin testing strategy, in an
attempt to balance the 2 strategies and model typical care
patterns of primary care and hospitalist physician
reassessment, participants in the clinical assessment
group were evaluated 6 to 24 hours after
randomization—but in this case, clinically—for
continuation or discontinuation of antibiotics started in
the ED. The clinical assessment strategy was as follows:
participants receiving a diagnosis of community-acquired

pneumonia in the ED were prescribed antibiotic
treatment by their treating emergency physician. Then,
participants who received antibiotic treatment in the ED
were reassessed 6 to 24 hours after randomization by a
different attending hospital physician to confirm or
invalidate the diagnosis of community-acquired
pneumonia and need to continue antibiotics. This
intervention was based on review of clinical findings,
chest radiograph, and laboratory tests (except
procalcitonin) performed in the ED and on the
participant’s clinical evolution to that point. If the
diagnosis of community-acquired pneumonia was not
confirmed, then antibiotic discontinuation was
recommended; if another infection requiring antibiotic
treatment was diagnosed, then antibiotic continuation
was recommended. The second intervention occurred on
day 5, when hospitalized participants were evaluated by
the treating hospital physician using clinical stability
criteria based on IDSA/ATS guidelines to stop antibiotic
treatment as follows: if the participant was afebrile for 48
to 72 hours and had no more than 1 community-
acquired pneumonia—associated sign of clinical
instability (ie, pulse rate >100 beats/min, respiratory
rate >24 breaths/min, systolic blood pressure <90 mm
Hg, Sao, <90%, or PO, <60 mm Hg on room air), then
discontinuation of antibiotics was strongly
recommended. If the patient did not fulfill these criteria,
then continuation of antibiotics was recommended for 2
more days, and then the patient was reevaluated.” In the
clinical assessment group, among participants discharged
from the ED initially or from the hospital subsequently
before day 5, the day 5 intervention did not occur and
antibiotic treatment for 5 days was recommended.

If antibiotics were not initiated after the first
procalcitonin result, then procalcitonin measurements were
repeated after 6 to 24 hours and subsequent antibiotic
initiation was evaluated with the same criteria. Among
hospitalized participants treated with antibiotics,
procalcitonin measurements were repeated on days 3, 5,
and 7, and antibiotic continuation or discontinuation was
recommended or not recommended according to the same
criteria. For participants who were discharged from the ED
initially or from the hospital subsequently before day 5, in
the procalcitonin group, procalcitonin measurement was
halted, and duration of antibiotic therapy was guided by
the last obtained procalcitonin value, as specified in the
procalcitonin algorithm.”” If the allowed exceptions to the
procalcitonin algorithm occurred, then procalcitonin
measurements were continued on the same schedule, with
antibiotic continuation or discontinuation recommended
according to the same criteria.
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Outcome Measures

The primary outcome was total days of antibiotic
exposure within 30 days after ED admission in the
intention-to-treat population. Secondary outcomes
included total days of antibiotic exposure within 30 days
after randomization in the modified intention-to-treat
population, in which patients who received antibiotics for
diagnoses other than community-acquired pneumonia or
who were found to have Legionnaires’ disease were
excluded. We set up this modified intention-to-treat
analysis because confirmation of the diagnosis of
community-acquired pneumonia is occasionally difficult in
the ED absent later knowledge of clinical course, laboratory
results, and imaging results. Thus, if community-acquired
pneumonia was misdiagnosed and the patient actually had
another infection, then procalcitonin and clinical
assessment strategy would not be applicable. Because the
recommended treatment duration for Legionnaires’ disease
is 10 to 14 days, procalcitonin would not be used.'” Other
secondary outcomes were evaluated in the intention-to-
treat population and included proportion of participants
treated with antibiotics for less than or equal to 5 days,
adherence to the procalcitonin algorithm and clinical
reassessment protocol, rates of clinical cure, serious adverse
outcomes, hospitalization, and hospital length of stay at day
30. Clinical success at day 30 was defined as the return to
the precommunity-acquired pneumonia state (ie, all
pneumonia-related symptoms had disappeared) according
to the participant’s telephone interview.

Primary Data Analysis

We tested for a reduction in antibiotic duration of
greater than or equal to 2 days for clinical assessment—
compared with procalcitonin-guided care. With an SD' of
5.5 and type I error of 0.05, a sample size of 260
participants provided a 90% power to detect superiority of
clinical assessment— compared with procalcitonin-guided
antibiotic duration. We tested superiority of clinical
assessment— to procalcitonin-guided care because of past
studies suggesting that the former led to greater reduction
in antibiotic duration compared with usual care. Because
we also planned a secondary analysis in the modified
intention-to-treat population, we anticipated that
approximately 10% of the randomized patients would
receive antibiotic treatment for diagnoses other than
community-acquired pneumonia or would have
Legionnaires” disease, and determined that 286 participants
should be included. The statistical analysis plan is provided
in Appendix E2, available online at http://www.
annemergmed.com.

Results are given as medians and interquartile ranges
(IQRs) for continuous variables and as frequencies and
percentages for categoric variables. Mann-Whitney tests
were used for continuous variables. We provide a P value
for the primary outcome analysis and 95% confidence
intervals (Cls) of the difference for other outcome
comparisons. The proportion of patients with antibiotic
treatment within the 30-day follow-up period was
described with Kaplan-Meier curves and compared with the
log-rank test. For patients with a missing value for duration
of antibiotic treatment, this outcome was imputed with the
mean length of the antibiotic treatment at 30 days for the
assigned care group. All statistical tests were 2 sided.
Analyses were performed with Stata (version 15; StataCorp,
College Station, TX).

RESULTS

Characteristics of Study Subjects

During the study period, 370 consecutive patients with
community-acquired pneumonia were screened as
described in Figure 2. Two hundred eighty-five patients
provided consent and were randomized (intention-to-treat
population) to the clinical assessment—guided group
(n=143) or the procalcitonin-guided group (n=142). The
modified intention-to-treat population included 131
participants in each group. Baseline characteristics of
participants in the 2 groups were similar (Table 1). Median
age was 67 years (range 18 to 93 years) and 59% were men.
Sixty-five percent of patients had temperature greater than
38.0°C and 40% were in Pneumonia Severity Index class
IV or V for high-risk community-acquired pneumonia.
Major comorbidities were present in 57% of clinical
assessment and 53% of procalcitonin participants. Initial
median procalcitonin level was 0.83 pg/L (IQR 0.14 to
3.18 pg/L; range 0.03 to 45.82 pg/L) in the clinical
assessment group and 0.71 pg/L (IQR 0.17 to 3.06 pg/L;
range 0.04 to 37.69 pg/L) in the procalcitonin group. Of
142 participants in the procalcitonin group, initial
procalcitonin values were less than 0.1 pg/L in 19 (13%),
0.1 to less than or equal to 0.25 pug/L in 30 (21%), 0.25 to
less than or equal to 0.5 pg/L in 14 (10%), and greater
than 0.5 pg/L in 79 (56%). Antibiotics administered in the
ED included amoxicillin (clinical assessment group 32
[22%], procalcitonin group 26 [18%]), amoxicillin-
clavulanate (clinical assessment group 62 [43%],
procalcitonin group 57 [40%]), a fluoroquinolone (clinical
assessment group 7 [5%], procalcitonin group 5 [3%]),
ceftriaxone (clinical assessment group 42 [29%],
procalcitonin group 38 [27%]), and others (clinical
assessment group 18 [13%], procalcitonin group 26
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370 Patients with CAP presenting to the 12 participating
emergency departments assessed for eligibility

»| 85 Excluded (not eligible)
74 Not meeting inclusion criteria
immunosuppression (n = 8)
active cancer (n = 6)
exacerbation of COPD (n = 6)
life-threatening presentation (n = 9)
chronic infection requiring antibiotic
treatment or antibiotics received for
the ongoing episode (n = 27)
unable to provide consent (n = 11)
left ED before inclusion was possible
(n=7)
8 Refused to participate
3 Other reasons
\ 4
285 randomized
\ 4 A 4
142 Assigned to receive antibiotics based 143 Assigned to receive antibiotics based on
on procalcitonin-guided algorithm and clinical assessment and included in the
included in the primary analysis primary analysis
132 followed through 30 days 128 followed through 30 days
7 with missing antibiotic duration data 9 with missing antibiotic duration data
A 4 \4
11 excluded from mITT analysis: 12 excluded from mITT analysis:

4 had exclusion criteria (enrollment error) 1 had exclusion criteria (enrollment error):
antibiotics received for the active cancer and immunosuppression
ongoing episode (n = 2) (n=1)
exacerbation of COPD (n = 2) 9 received antibiotic for other indication than

5 received antibiotics for other indication CAP:

than CAP: urinary tract infection (n = 5)
urinary tract infection (n = 1) prostatitis (n = 1)
exacerbation of COPD (n = 2) exacerbation of COPD (n=1)
cutaneous infection (n =1) cutaneous infection (n =1)
meningoencephalitis (n =1) hepatic abscess (n =1)

2 had Legionnaires’ disease 2 had Legionnaires’ disease

A 4 A 4
131 Included in the mITT analysis 131 Included in the mITT analysis

Figure 2. Study flow diagram. COPD, Chronic obstructive pulmonary disease; mITT, modified intention to treat.
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Table 1. Baseline characteristics of patients with community-acquired pneumonia randomized to clinical assessment- or procalcitonin-

guided care in the intention-to-treat population.

Characteristics CA-Guided Group (n=143) PCT-Guided Group (n=142)

Demographics
Age, median (IQR), y
Female sex, No. (%)
Past and current smoking, No. (%)
Current smoker
Coexisting illnesses, No. (%)
Coronary heart disease
Cerebrovascular disease
Renal dysfunction
COPD
Neoplastic disease
Diabetes
Clinical history, No. (%)
Cough
Sputum production
Dyspnea
Examination
Rales, No. (%)
Body temperature, median (IQR), °C
Confusion, No. (%)
Respiratory rate, median (IQR), breaths/min
Pulse rate, median (IQR), beats/min
Systolic blood pressure, median (IQR), mm Hg
Laboratory findings, median (IQR)
Initial PCT level, pg/L
Leukocyte count, cells/uL
PSI points overall, median (IQR)
PSI class, No. (%)
171
11l
v
\Y
Hospitalized within 24 h, No. (%)

CA, Clinical assessment; PSI, pneumonia Severity Index.

67 (47-81) 67 (46-83)

54 (38) 62 (44)

45 (31) 51 (36)

29 (20) 31 (22)

16 (11) 19 (13)
4(3) 4(3)
2(1) 7(5)

16 (11) 11 (8)

8 (6) 7(5)
35 (24) 27 (19)
112 (78) 113 (80)

62 (43) 67 (47)
109 (76) 103 (73)
105 (73) 114 (80)
38.4 (37.6-39.0) 38.3 (37.5-39.0)

0 5 (4)

22 (18-28) 22 (20-28)
96 (83-109) 98 (84-111)
131 (110-143) 132 (117-145)
0.83 (0.14-3.18) 0.71 (0.17-3.06)
12.6 (9.7-17.5) 12.7 (9.3-18.7)
56 (39) 54 (38)
33 (23) 27 (19)
47 (33) 49 (35)
7 (5) 12 (8)
114 (88) 126 (80)

[18%]). The proportion of participants who subsequently
were found to have an infection other than community-
acquired pneumonia was 6% in the clinical assessment
group and 4% in the procalcitonin group.

Main Results

In the intention-to-treat population, antibiotic duration
was not significantly different between the clinical
assessment— and procalcitonin-guided groups (median 9
days [IQR range 6 to 13 days; range 0 to 30 days] versus 10

days [IQR 7 to 14 days; range 1 to 29 days], respectively;
P=.21). Significantly more participants received antibiotic
treatment for less than or equal to 5 days in the clinical
assessment group compared with the procalcitonin group
(32 [22%] versus 19 [13%], respectively; difference 9%;
95% CI 2% to 18%). In the modified intention-to-treat
population, antibiotic duration was not significantly
different between the clinical assessment group and the
procalcitonin group (median 9 days [IQR 6 to 11 days;
range 0 to 30 days] versus 10 days [IQR 7 to 15 days; range
1 to 29 days], respectively; P=.59). One site enrolled
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34.4% of participants compared with 14.8% for the site
with the next-highest enrollment; the former site’s results
were within the range of those for sites with the highest and
lowest median antibiotic duration. With a mixed linear
model including site as a random variable, no site effect was
found for either the intention-to-treat or modified
intention-to-treat analyses (Table E1, available online at
http://www.annemergmed.com). We did not find a secular
trend for antibiotic duration during the different periods of
the trial (Figure E1, available online at http://www.
annemergmed.com). Kaplan-Meier curves demonstrate the
proportion of participants in each group receiving
antibiotics during 30 days (Figure 3 and Figure E2,
available online at http://www.annemergmed.com).
Clinical cure rates at 30 days were 92% in both groups.

Antibiotics were initiated in the ED in 125 participants
(88%) in the procalcitonin group after the first
procalcitonin measurement. Antibiotics were administered
to 7 patients (37%) with a procalcitonin level less than 0.1
ng/L despite the algorithm that indicated that antibiotics
were not recommend, and to 4 patients with a
procalcitonin level less than 0.1 pg/L who had a
prespecified criterion allowing antibiotic administration.
Antibiotics were administered to 15 patients (50%) with a
procalcitonin level of 0.1 pg/L to less than or equal to 0.25
ng/L despite the algorithm that indicated that antibiotics
were strongly not recommended, and to 7 patients with a
procalcitonin level of 0.1 pg/L to less than or equal to 0.25
ng/L who had a prespecified criterion allowing antibiotic
administration. Four participants with an initial
procalcitonin level less than or equal to 0.25 pg/L first
received antibiotics when procalcitonin levels increased to
greater than 0.25 pg/L on follow-up after 6 hours.
Antibiotics were given to 11 of 12 participants (92%) with
an initial procalcitonin level of 0.25 pg/L to less than or
equal to 0.5 pg/L and to 75 of 75 (100%) with a level
greater than 0.5 pg/L. In the ED, the procalcitonin
algorithm was followed for 84% of the participants. For
participants with an initial procalcitonin level less than or
equal to 0.25 pg/L, antibiotic duration was 10.4 days
compared with 12.2 days for those with an initial
procalcitonin level greater than 0.25 pg/L (difference 1.8
days; 95% CI —0.7 to 4.3 days). Antibiotic duration by
procalcitonin tier is provided in Figure E3, available online
at http://www.annemergmed.com.

Opverall, in the procalcitonin group, the algorithm was
followed for 76% of the participants, varying from 56% to
100% between the sites (Table E1, available online at
http://www.annemergmed.com). The reasons for
procalcitonin algorithm deviation were antibiotic initiation
or continuation despite a procalcitonin value less than or

1.004

0.754

0.50

0.254

Proportions of patients with antibiotic treatment

0.004
T

Days Since Randomization
Number at risk
CA-guided group 143 138 71 30 20 14
PCT-guided group 135 129 85 35 20 10

Figure 3. Kaplan-Meier curves comparing cumulative
antibiotic treatment, including stopped and started treatment
through 30 days, among patients with community-acquired
pneumonia randomized to clinical assessment- or
procalcitonin-guided care in the intention-to-treat population.

CA-guided group ————- PCT-guided group |

equal to 0.25 pg/L in 22 of 142 patients (15%) on day
0 (among them, 17 participants had 2 negative
procalcitonin-measurement results [ie, at hour 0 and hours
6 to 24], and 6 had only 1 negative procalcitonin-
measurement result during the first 24 hours), in 24 of 98
(25%) on day 3, in 26 of 62 (42%) on day 5, and in 10 of
36 (28%) on day 7. One participant, a woman severely
underweight (body mass index 15 kg/mz), for whom
antibiotics were withheld according to low procalcitonin
levels from the first 2 measurements and who was
considered to have viral pneumonia, ultimately presented
with a lung abscess that required rehospitalization and
antibiotic treatment.

In the clinical assessment group, antibiotics were started
in all participants initially and were discontinued in 16
(12%) after the first clinical reassessment 6 to 24 hours
after randomization. Of 65 patients (45%) who were
evaluated for clinical stability criteria on day 5, 45 (69%)
reached clinical stability; 59 (91%) had a pulse rate less
than or equal to 100 beats/min, 43 (89%) a respiratory rate
less than or equal to 24 breaths/min, 62 (95%) a systolic
blood pressure greater than or equal to 90 mm Hg, and 56
(86%) an Sao, greater than or equal to 90% on room air.
Antibiotics were then discontinued on day 5 for 21 of these
participants (47%), varying from 25% to 100% between
sites (Table E1, available online at http://www.
annemergmed.com). All participants for whom antibiotics
were stopped on day 5 based on clinical stability criteria
ultimately had favorable outcomes through 30 days.

After the initial ED evaluation, 85% of participants in the
clinical assessment group were hospitalized and 90% in the
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procalcitonin group. A similar small additional proportion of
participants in each group was discharged from the ED after a
second procalcitonin measurement (if needed) in the
procalcitonin group (2%) or reevaluation 6 to 24 hours after
randomization in the clinical assessment group (5%). Thus,
114 of 142 participants (80%) in the clinical assessment
group compared with 126 of 143 of the procalcitonin group
(88%) were hospitalized within 24 hours (difference 8%;
95% CI of the difference —1% to 16%). Overall, median
hospital length of stay was 5 days (IQR 3 to 8.25 days; range
0 to 23 days) in the clinical assessment—guided group and 6
days (IQR 4 to 8.25 days; range 0 to 22 days) in the
procalcitonin-guided group (difference 1 day; 95% CI -3 to
7 days). After hospitalization, 15 participants (11%) in the
clinical assessment—guided group received a new antibiotic
prescription with a median duration of 7 days (IQR 3 to 9.5
days; range 1 to 29 days) and 20 participants (15%) in the
procalcitonin-guided group received a new antibiotic
prescription with a median duration of 10 days (IQR 7 to 10
days; range 1 to 26 days). Serious adverse outcome rates at 30
days were similar between the groups (15% versus 20%,
respectively; difference 5%; 95% CI 4% to 14%) (Table 2).

LIMITATIONS

This study has limitations. Compliance with the
procalcitonin algorithm was 76%, which is similar to that
in some past procalcitonin trials’ that demonstrated
antibiotic reductions, but lower than that in others.”
However, these past trials included mixed populations of
patients with lower respiratory tract infection, and
algorithm adherence has been observed to be inversely
related to illness severity and higher in acute bronchitis
than in community-acquired pneumonia.” Although
antibiotic duration in this study was a few days longer than
median times for past procalcitonin trials, it was well within
reported ranges. Both the procalcitonin algorithm and
clinical guidelines are recognized to be imperfect and allow

provider judgment. Nonadherence to clinical guidelines
also occurred. Although it is possible that greater adherence
to ecither strategy could have led to shorter antibiotic
durations, it could have also been associated with worse
clinical outcomes. The trial did not have a usual care
comparison group because we instead decided to directly
compare unique care strategies that had been demonstrated
to be associated with safe reduction in antibiotic duration
among patients with community-acquired pneumonia and
our assessment was that usual care was informed by both
strategies. Our finding of similar antibiotic exposure is
supported by separate trials demonstrating that both
procalcitonin algorithm and clinical assessment—guided
care reduced antibiotic duration compared with usual
care.””” Because this was a pragmatic study, diagnostic
testing was at the discretion of the treating physician.

We did not collect and report diagnostic testing results,
which could affect deviations from recommended care
strategies (eg, positive blood culture results). However, we
characterized participants, including their severity of illness,
and randomization appeared effective at ensuring study
group comparability. Our population of ED patients
receiving a diagnosis of community-acquired pneumonia
was relatively old and had a high hospitalization rate,
which, along with the provider familiarity with
procalcitonin use and other care patterns, may be different
from that in other settings, such as North America.
Although we assessed serious adverse outcomes, we did not
evaluate the frequency and duration of community-
acquired pneumonia symptoms. Some potentially eligible
patients were missed during busy periods, which could have
introduced selection bias. The study requirement for an
ED stay of at least 6 hours for repeated evaluation may have
selected patients with more severe disease; however, the
proportion of community-acquired pneumonia patients
with Pneumonia Severity Index class IV or V was similar to
that in past procalcitonin and clinical assessment trials.””
The procalcitonin algorithm requires a second

Table 2. Adverse outcomes rates among patients with community-acquired pneumonia in the clinical assessment- and procalcitonin-

guided care groups.

Adverse Outcomes

PCT-Guided Group (n=142), No. (%)

CA-Guided Group (n=143), No. (%)

All adverse outcomes 22 (15)
Death 2 (1)
ICU admission 18 (13)
Recurrence/rehospitalization 19 (13)
Disease-specific complication 6 (4)

*Difference 5%; 95% Cl -4% to 14%.

29 (20)*

3(2)
11.(8)
(18)
(

1
26
6 (4)
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procalcitonin measurement 6 to 24 hours after an initial
. . . 2,7
negative procalcitonin result. ’

DISCUSSION

Although guideline-based serial clinical assessment did
not reduce antibiotic exposure compared with
procalcitonin-guided care, this randomized, pragmatic trial
demonstrates that, with minimal training, physicians can
manage patients with community-acquired pneumonia
with clinical assessment and achieve antibiotic duration,
efficacy, and safety similar to that with a procalcitonin-
testing strategy. To our knowledge, this is the first
pragmatic trial to directly compare antibiotic exposure and
clinical outcomes among ED patients receiving a diagnosis
of community-acquired pneumonia who were randomized
to care guided by serial clinical assessments based on IDSA/
ATS guidelines or a standard procalcitonin algorithm, in
which both groups were managed by physicians with
familiarity with and a similar minimal amount of training
for each approach. Otherwise, there were no investigation-
related interventions that could affect care. Our findings are
supported by a recent, large, US, ED-based trial of 1,656
patients with lower respiratory tract infection (community-
acquired pneumonia [20%] and other respiratory
infections) that did not find a significant difference in
antibiotic days between the procalcitonin and guideline-
supported clinical care group.'® However, the study
differed from ours in that procalcitonin use was new to
clinicians, who were queried by study coordinators about
nonadherence to the procalcitonin algorithm.

A meta-analysis of 26 trials involving 6,708 participants
with lower respiratory tract infection that compared a
procalcitonin algorithm with usual care found significant
associated reductions in antibiotic duration, from 8.1 to 5.7
days, and rate of antibiotic-related adverse events, from
22.1% to 16.3%, respectively.'” Approximately half of these
studies were industry sponsored. Serial clinical assessment
has not been studied as extensively as procalcitonin use but
has also been demonstrated to reduce antibiotic exposure.
Uranga et al’ randomized 312 patients hospitalized with
community-acquired pneumonia to have their antibiotics
stopped if IDSA/ATS stability criteria were reached at day 5
or to have usual care; median antibiotic duration was
significantly reduced, from 10 to 5 days, respectively. IDSA/
ATS guidelines recommend antibiotic discontinuation at
treatment day 5 if the patient has been afebrile for 48 to
72 hours and has no more than 1 community-acquired
pneumonia—associated sign of clinical instability (ie, pulse
rate >100 beats/min, respiratory rate >24 breaths/min,
systolic blood pressure <90 mm Hg, Sao, <90%, or Po,
<60 mm Hg on room air).” Among clinical assessment

group participants who remained hospitalized, 69% reached
clinical stability by day 5, of whom 32% had their
antibiotics discontinued. Despite that some procalcitonin-
managed participants did not have antibiotics started
initially, a significantly greater proportion of participants
managed by serial clinical assessments had a total antibiotic
duration of less than or equal to 5 days, 22% versus 13%,
respectively. However, total antibiotic duration was similar
between the groups, largely because of posthospital
discharge antibiotic prescription for another 7 to 10 days in
both groups. Noting that median hospital stay was
approximately 6 days, presuming patients reached IDSA/
ATS stability criteria and had low procalcitonin levels before
discharge, this practice would appear to be a target for
further stewardship efforts. Also, physicians mainly
prescribed antibiotic regimens typically used for 7 to 10 days
(eg, amoxicillin). In addition to 5-day fluoroquinolone and
azithromycin alternatives, studies support effectiveness of 3-
and 5-day amoxicillin regimens, which could have also
reduced antibiotic duration.”*”

Previous studies that demonstrated significantly less
antibiotic exposure associated with a procalcitonin
algorithm compared with usual care had different degrees
of active investigator involvement and direction of
providers to the best practice of each approach, which may
have introduced favorable bias toward the procalcitonin
strategy. In the Procalcitonin-Guided Antibiotic Therapy
and Hospitalisation in Patients With Lower Respiratory
Tract Infections trial, providers who wished to deviate from
the procalcitonin algorithm were required to contact the
study center.” However, this was not required for providers
who wished to deviate from clinical antibiotic guidelines. In
the Procalcitonin-Guided Antibiotic Therapy in Lower
Respiratory Tract Infections in “Real Life” trial, providers
were required to justify only procalcitonin algorithm
deviations, and study coordinators regularly communicated
with providers during the study and, at one site, were
responsible for patient enrollment.” In contrast, in our trial,
physicians were allowed to care for participants without
requirements to justify protocol deviations and without
study coordinator involvement. Procalcitonin algorithm
adherence has been demonstrated to be directly related to
familiarity with procalcitonin testing,” Therefore,
introduction of a new test could justify greater investigator
involvement. In our trial, physicians at participating sites
were familiar with both approaches and had had availability
of procalcitonin testing for at least 3 years. These methods
allowed a pragmatic study of each practice under more
normal circumstances than past procalcitonin trials.

In our trial, when a hospital physician other than the
emergency physician clinically reevaluated the community-
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acquired pneumonia diagnosis and antibiotics at 6 to 24
hours, as typically occurs with inpatient admission or
primary care follow-up, in 12% of these cases, antibiotics
were discontinued. Early clinical reassessment has been
demonstrated to safely reduce unnecessary antibiotic use in
community-acquired pneumonia.'® These observations
suggest that a significant contributor to antibiotic overuse
in community-acquired pneumonia is incorrect diagnosis.
Moreover, we found that 80% of participants in the clinical
assessment group were hospitalized by 24 hours after ED
evaluation versus 88% in the procalcitonin group.
Procalcitonin use may increase unneeded care and
hospitalizations driven by nonspecific procalcitonin results,
which should be studied in future trials.

Guideline-based serial clinical assessment was not
superior to procalcitonin-guided care for antibiotic
reduction, but appeared to result in comparable outcomes.
Because procalcitonin assessments add time and cost to
patient care, these findings support strategies to promote
better provider understanding and application of clinical
guidelines for management of patients with community-
acquired pneumonia.

Supervising editor: Donald M. Yealy, MD. Specific detailed
information about possible conflict of interest for individual editors
is available at https://www.annemergmed.com/editors.

Author affiliations: From the Department of Emergency Medicine,
Centre Hospitalier Universitaire, Nantes University Hospital,
Nantes, France (Montassier, Javaudin, Benaouicha, Potel, Batard);
the Department of Emergency Medicine, Centre Hospitalier
Universitaire Clermont-Ferrand, Clermont-Ferrand, France
(Moustafa); the Department of Emergency Medicine, Centre
Hospitalier Agen, Agen, France (Nandjou, Duc); University Grenoble
Alps, Emergency Department and Mobile Intensive Care Unit,
Centre Hospitalier Universitaire Grenoble Alps, Grenoble, France
(Maignan); SPHERE U1246, Inserm, Université de
Nantes-Université de Tours, Nantes, France (Hardouin); the
Department of Emergency Medicine, Centre Hospitalier la Roche
sur Yon, la Roche sur Yon, France (Annoot); Service de maladies
infectieuses, Centre Hospitalier Universitaire Tours, Tours, France
(Ogielska); the Department of Emergency Medicine, Assistance
Publique Hopitaux de Paris, Hopital Avicenne, Bobigny, France
(Orer); the Department of Emergency Medicine, Centre Hospitalier
Universitaire Angers, Institut Mitovasc, Université d’Angers, Angers,
France (Schotté); the Department of Emergency Medicine, Centre
Hospitalier Universitaire Rennes, Rennes, France (Bouget); the
Department of Emergency Medicine, Centre Hospitalier
Universitaire Strasbourg, Strasbourg, France (Agha Babaei,
Cojocaru); the Department of Emergency Medicine, Assistance
Publique Hopitaux de Paris, Hopital Saint Antoine, Paris, France
(Raynal); the Department of Emergency Medicine, Assistance
Publique Hopitaux de Paris, Hopital Hotel Dieu, Paris, France
(Eche); and the Department of Emergency Medicine and
Department of Medicine, Division of Infectious Diseases, Olive
View-University of California, Los Angeles Medical Center, Sylmar,

California (Talan); and the David Geffen School of Medicine at
University of California, Los Angeles (Talan).

Dr. Schotté is now affiliated with the Department of Emergency
Medicine, Centre Hospitalier Le Mans, Le Mans, France. Dr. Eche is
now affiliated with the Department of Emergency Medicine, Centre
Hospitalier Aix-en-Provence, Aix-en-Provence, France

Author contributions: EM had full access to all the data in the study
and takes responsibility for the integrity of the data and the
accuracy of the data analysis. EM, GP, EB, and DAT conceived and
designed the study. FJ, FM, DN, MM, JBH, CA, MO, PLO, TS, JB,
SAB, PAR, AE, ATD, NB, and RC acquired, analyzed, and interpreted
the data. EM drafted the article. EB and DAT made critical revisions
to the article for important intellectual content. EM takes
responsibility for the paper as a whole.

All authors attest to meeting the four ICMJE.org authorship criteria:
(1) Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for the
work; AND (2) Drafting the work or revising it critically for important
intellectual content; AND (3) Final approval of the version to be
published; AND (4) Agreement to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and
resolved.

Funding and support: By Annals policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE conflict
of interest guidelines (see www.icmje.org). The authors have stated
that no such relationships exist. The study was supported by a
grant from the French Ministry of Health (PHRC API12/N/080).

Publication dates: Received for publication November 12, 2018.
Revisions received January 11, 2019, and February 5, 2019.
Accepted for publication February 19, 2019.

Trial registration number: NCT01723644

REFERENCES

1. Christ-Crain M, Jaccard-Stolz D, Bingisser R, et al. Effect of
procalcitonin-guided treatment on antibiotic use and outcome in
lower respiratory tract infections: cluster-randomised, single-
blinded intervention trial. Lancet. 2004;363:600-607.

2. Schuetz P, Christ-Crain M, Thomann R, et al. Effect of procalcitonin-
based guidelines vs standard guidelines on antibiotic use in lower
respiratory tract infections: the ProHOSP randomized controlled trial.
JAMA. 2009;302:1059-1066.

3. Albrich WC, Dusemund F, Bucher B, et al. Effectiveness and safety of
procalcitonin-guided antibiotic therapy in lower respiratory tract
infections in “real life”: an international, multicenter poststudy survey
(ProREAL). Arch Intern Med. 2012;172:715-722.

4. el Moussaoui R, de Borgie CAJM, van den Broek P, et al. Effectiveness
of discontinuing antibiotic treatment after three days versus eight days
in mild to moderate-severe community acquired pneumonia:
randomised, double blind study. BMJ. 2006;332:1355.

5. Uranga A, Espana PP, Bilbao A, et al. Duration of antibiotic treatment in
community-acquired pneumonia: a multicenter randomized clinical
trial. JAMA Intern Med. 2016;176:1257-1265.

6. Brunkhorst FM, Heinz U, Forycki ZF. Kinetics of procalcitonin in
iatrogenic sepsis. Intensive Care Med. 1998;24:888-889.

7. Mandell LA, Bartlett JG, Dowell SF, et al. Update of practice
guidelines for the management of community-acquired

590 Annals of Emergency Medicine

Volume 74, No. 4 : October 2019


https://www.annemergmed.com/editors
http://ICMJE.org
http://www.icmje.org
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref1
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref1
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref1
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref1
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref2
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref2
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref2
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref2
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref3
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref3
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref3
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref3
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref4
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref4
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref4
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref4
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref5
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref5
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref5
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref6
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref6
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref7
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref7

Montassier et al

Guideline-Based Clinical Assessment Versus Procalcitonin-Guided Antibiotic Use in Pneumonia

10.

11.

12.

pneumonia in immunocompetent adults. Clin Infect Dis.
2007;37:1405-1433.

. Tellier G, Niederman MS, Nusrat R, et al. Clinical and bacteriological

efficacy and safety of 5 and 7 day regimens of telithromycin once daily
compared with a 10 day regimen of clarithromycin twice daily in
patients with mild to moderate community-acquired pneumonia.

J Antimicrob Chemother. 2004;54:515-523.

. Dunbar LM, Wunderink RG, Habib MP, et al. High-dose, short-course

levofloxacin for community-acquired pneumonia: a new treatment
paradigm. Clin Infect Dis. 2003;37:752-760.

Schultz L, Lowe TJ, Srinivasan A, et al. Economic impact of redundant
antimicrobial therapy in US hospitals. Infect Control Hosp Epidemiol.
2014;35:1229-1235.

Llor C, Bjerrum L. Antimicrobial resistance: risk associated with antibiotic
overuse and initiatives to reduce the problem. Ther Adv Drug Saf.
2014;5:229-241.

Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al. Prevalence of
inappropriate antibiotic prescriptions among US ambulatory care
visits, 2010-2011. JAMA. 2016;315:1864-1873.

13.

14.

15.

16.

17.

18.

Tangcharoensathien V, Chanvatik S, Sommanustweechai A. Complex
determinants of inappropriate use of antibiotics. Bull World Health
Organ. 2018;96:141-144.

Christ-Crain M, Stolz D, Bingisser R, et al. Procalcitonin guidance of
antibiotic therapy in community-acquired pneumonia: a randomized
trial. Am J Respir Crit Care Med. 2006;174:84-93.

Cavallo JD, Ché D, Cohen R, et al. Antibiotic treatment for legionella,
update 2012. Available at: http://ansm.sante.fr/var/ansm_site/
storage/original/application/5e0a0a6ce0725ba42387dc31a
14551eb.pdf. Accessed May 17, 2018.

Huang DT, Yealy DM, Filbin MR, et al. Procalcitonin-guided use of
antibiotics for lower respiratory tract infection. N Engl J Med.
2018;379:236-249.

Schuetz P, Wirz Y, Sager R, et al. Procalcitonin to initiate or discontinue
antibiotics in acute respiratory tract infections. Cochrane Database
Syst Rev. 2017;10:CD0O07498.

Montassier E, Kenzi A, Porcheret AS, et al. Effect of early reassessment
of antimicrobial prescription on antibiotic use in acute respiratory tract
infections. Int J Infect Dis. 2012;16:e73-e74.

Change of Shift: Collected Essays
By
Anna Olson, MD

This free iBook, available for iPAD users in the iBooks store, includes the top
selections from over three decades of essays, poetry, and personal perspectives
published in Annals. Some of these essays have been used as the basis of
episodes of the former TV show, “ER.” Download your copy today. Available for
free on the iTunes Store.

Change of Shift: Collected Essays
Annals of Emergency Medicine
Anna Olson, MD >

Change of Shift:
Collected Essays

Dotails)  Ratings and Reviows

>3
v Book Description
" AGEP | snr om
b over the promior '
Read -

Related

the formmec TV Show, ER.

“This year we . MD, FACER, ector i chi for A, “We'e very proud of.
Mor

Screenshots.

“How’s Work?"

Dol 5. Schwartz. WD

o Ratings
Publshed Oct 1, 2012

Roma Tomatoes
and ED Crowding

Keith W, MO

Volume 74, NO. 4 :

October 2019

Annals of Emergency Medicine 591


http://refhub.elsevier.com/S0196-0644(19)30147-7/sref7
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref7
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref8
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref8
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref8
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref8
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref8
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref9
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref9
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref9
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref10
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref10
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref10
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref11
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref11
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref11
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref12
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref12
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref12
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref13
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref13
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref13
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref14
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref14
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref14
http://ansm.sante.fr/var/ansm_site/storage/original/application/5e0a0a6ce0725ba42387dc31a14551eb.pdf
http://ansm.sante.fr/var/ansm_site/storage/original/application/5e0a0a6ce0725ba42387dc31a14551eb.pdf
http://ansm.sante.fr/var/ansm_site/storage/original/application/5e0a0a6ce0725ba42387dc31a14551eb.pdf
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref16
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref16
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref16
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref17
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref17
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref17
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref18
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref18
http://refhub.elsevier.com/S0196-0644(19)30147-7/sref18

	Guideline-Based Clinical Assessment Versus Procalcitonin-Guided Antibiotic Use in Pneumonia: A Pragmatic Randomized Trial
	Introduction
	Background
	Importance
	Goals of This Investigation

	Materials and Methods
	Study Design and Setting
	Selection of Participants
	Methods of Measurement
	Interventions
	Outcome Measures
	Primary Data Analysis

	Results
	Characteristics of Study Subjects
	Main Results

	Limitations
	Discussion
	References


