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Abstract

Purpose: To compare the efficacy of an antibiotic protocol guided by serum procalcitonin (PCT) with that of stand-
ard antibiotic therapy in severe acute exacerbations of COPD (AECOPDs) admitted to the intensive care unit (ICU).

Methods: We conducted a multicenter, randomized trial in France. Patients experiencing severe AECOPDs were
assigned to groups whose antibiotic therapy was guided by (1) a 5-day PCT algorithm with predefined cutoff values
for the initiation or stoppage of antibiotics (PCT group) or (2) standard guidelines (control group). The primary end-
point was 3-month mortality. The predefined noninferiority margin was 12%.

Results: A total of 302 patients were randomized into the PCT (n=151) and control (n=151) groups. Thirty patients
(20%) in the PCT group and 21 patients (14%) in the control group died within 3 months of admission (adjusted
difference, 6.6%; 90% Cl — 0.3 to 13.5%). Among patients without antibiotic therapy at baseline (n=119), the use

of PCT significantly increased 3-month mortality [19/61 (31%) vs. 7/58 (12%), p =0.015]. The in-ICU and in-hospital
antibiotic exposure durations, were similar between the PCT and control group (5.2 £ 6.5 days in the PCT group vs.
54+ 4.4 days in the control group, p=0.85 and 7.9 £ 8 days in the PCT group vs. 7.7 £ 5.7 days in the control group,
p=0.75, respectively).

Conclusion: The PCT group failed to demonstrate non-inferiority with respect to 3-month mortality and failed to
reduce in-ICU and in-hospital antibiotic exposure in AECOPDs admitted to the ICU.
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Introduction

Severe acute exacerbations of chronic obstructive pulmo-
nary disease (AECOPDs) are a leading cause of admission
to medical intensive care units (ICUs). Prompt initiation
of antibiotics is recommended in this setting despite the
fact that bacteria are found to be the cause of disease in
only approximatively 50% of cases [1]. COPD exacerba-
tions can be triggered by other factors, such as viruses,
allergens and common pollutants [http://www.goldcopd.
org]. However, in clinical practice, the signs and symp-
toms of bacterial and non-bacterial AECOPDs overlap
[2, 3]. Therefore, identifying the patients with severe
AECOPDs who are most likely to benefit from antibiot-
ics remains a challenge for physicians focused on reduc-
ing the frequency and duration of antibiotic treatment to
prevent the emergence of multidrug-resistant bacteria
in the ICU. Procalcitonin (PCT) is considered useful for
determining the likelihood that patients will develop bac-
terial infections in emergency settings. PCT-based strate-
gies have been shown to substantially and safely reduce
antibiotic use in patients without severe lower respira-
tory tract infections [4, 5], community-acquired pneu-
monia [6] or AECOPDs [7]. However, data on the efficacy
and safety of PCT-based strategies in critically ill patients
are scarce [8—11]. Previous studies regarding this issue
showed that PCT-guided strategies reduced antibiotic
exposure without causing adverse outcomes in heteroge-
neous groups of patients with suspected severe bacterial
infections.

We hypothesized that the use of PCT reduces antibi-
otic exposure while not affecting or even lowering mor-
tality. We compared 3-month mortality and in-ICU and
in-hospital antibiotic use between groups of patients with
severe AECOPDs who were admitted to the ICU whose
antibiotic therapy was guided by a serum PCT proto-
col or current guidelines. The preliminary results of this
study were presented at the Congrées REANIMATION
2017 (Submission reference 000533), Paris, France, Janu-
ary 2017.

Methods

Patients

We conducted a prospective, multicenter, parallel-group,
randomized controlled trial in the ICUs of 11 hospitals,
including 7 tertiary care hospitals, in France between
October 2010 and March 2016. All consecutive adult
patients experiencing severe AECOPDs with suspected
lower respiratory tract infections with or without pneu-
monia who were admitted to the ICU were eligible for
the study and were assigned 1:1 to groups whose anti-
biotic therapy was guided by (1) a PCT algorithm with
predefined cutoff values for the initiation or stoppage of

Take-home message

The reduction of antibiotic use remains a major concern in ICU and
procalcitonin is a promising biomarker in this field. This prospec-
tive randomized controlled trial of 302 severe acute exacerbation

of COPD with or without pneumonia admitted in ICU failed to
demonstrate the ability of a PCT-guided strategy to safely reduce
antibiotic exposure, in particular among patients without antibiotics
at inclusion. Prompt initiation of antibiotherapy in this population
improves 3-month survival regardless of the level of PCT.

antibiotics (PCT group) or (2) standard guidelines (con-
trol group). The time interval between hospital admission
and inclusion in the study was required to be less than
48 h.

This academic trial was registered at ClinicalTrials.gov,
NCTO02521636. The following patients were excluded
from the study: those under 18 years, with known preg-
nancies, with clinical evidence of infection other than
a lower respiratory tract infection, with severe acute
asthma, who were moribund or suffering from a disease
with an estimated survival time of less than 2 months,
who were severely immunosuppressed (i.e., patients with
HIV infection, with neutropenia, recipients of stem cell
transplants, receiving immunosuppressive treatments,
and receiving corticosteroid treatment at a dose greater
than 0.5 mg/kg/day for more than 10 days), with noso-
comial infections, refused to participate in the study,
included in another biomedical research protocol that
was in progress or lasted less than 30 days, and those with
a known PCT level at the time of their ICU admission.

The study protocol was approved by the local research
ethic committee (Comité de Protection des Personnes
Nord Ouest III) for all participating centers, and written
informed consent was obtained from the patients or their
surrogates upon their enrolment in the study. An inde-
pendent data and safety monitoring board reviewed the
trial’s progress and adverse event rates according to treat-
ment assignments.

Randomization

Patients were randomly assigned (in a 1:1 ratio) to groups
whose antibiotic therapy was guided by a PCT proto-
col (PCT group) or standard guidelines (control group).
The randomization was stratified on the center and the
presence or absence of pneumonia. Randomization was
performed with an independent, centralized 24-h, web-
based system (eol®Medsharing Systéme de randomisa-
tion: IWRS/IVRS essaionline.com) using permuted-block
randomization. The block sizes varied.

Procedures
Circulating PCT levels were sequentially assessed at
inclusion (PCT-HO), at 6 h after inclusion (PCT-H6), and
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on days 1, 3 and 5 after inclusion. PCT levels were meas-
ured by Elecsys BRAHMS PCT immunoassay (Roche
Diagnostics, Mannheim, Germany) using a cobas e411
analyzer, according to the manufacturer’s instructions.

In the PCT group, the antibiotic treatment was guided
by serum procalcitonin levels. The patients were classi-
fied into the following three groups based on the prob-
ability of bacterial infection, according to the PCT level,
which was measured as described in previous reports
[4-7] and our prospective pilot studies in the indicated
setting [12, 13]: group 1, PCT <0.1 pg/L, which indicated
that no bacterial infection was present, and the initiation
or continuation of antibiotics was strongly discouraged;
group 2, PCT>0.1 and<0.25 pg/L, which indicated that
bacterial infection was possible [12, 13], and the initia-
tion or continuation of antibiotics was encouraged; and
group 3, PCT >0.25 pg/L, which indicated that bacterial
infection was present, and the initiation or continuation
of antibiotics was strongly encouraged. In addition, the
investigators were encouraged to discontinue antibiot-
ics when the PCT concentration was less than 90% of
the peak concentration or an absolute concentration less
than 0.1 pg/L was noted.

In the control group, PCT concentrations were meas-
ured in all blood samples; however, the results were not
disclosed to the treating physicians. Thus, the physi-
cians were unaware of the results throughout the entire
study period. The data were used only for the final analy-
sis. Both the control and PCT groups could use CRP as
a serial biomarker. Antibiotics were started and stopped
according to usual care in each center; however, all physi-
cians were encouraged to comply with current guidelines
1, 14].

Except for the prescription of antibiotics during the
PCT algorithm period, all other treatments were left to
the discretion of the attending physicians throughout the
study period in both groups.

All patients were followed until 3 months after
randomization.

Outcomes

The primary endpoint was 3-month mortality from any
cause, and the secondary endpoints were the in-ICU and
in-hospital antibiotic exposure durations, which were
defined as the cumulative numbers of 24-h periods in
which the patients received antibiotics, and the number
of patients who received antibiotics during the algorithm
phase (i.e., the first 5 days after inclusion).

Data collection and definitions
Detailed information regarding recorded baseline charac-
teristics and definitions (i.e., AECOPD with and without

pneumonia [15, 16] and severity status [17—19]) may be
found in the Supplemental Appendix.

Sample size and statistical analysis

The hypotheses tested were that PCT-based antibi-
otic therapy was non-inferior to standard therapy with
respect to 3-month mortality (primary endpoint) and
that PCT-based therapy would significantly decrease in-
ICU and in-hospital antibiotic exposure compared with
standard therapy (secondary endpoint). The primary out-
come was analyzed on an intention-to-treat basis.

The expected overall 3-month mortality rate was 20%
(i.e., 30% [12] and 10% [13] for patients with and without
pneumonia, respectively; the distributions were equal),
the expected non-inferiority margin was 12%, and the
expected one-sided alpha risk was 5%. We estimated that
140 patients per group were needed to demonstrate that
excess mortality was absent in the PCT group with 80%
power. We concluded that 300 patients were needed.
Given the size of the study population and based on the
results of our previous reports [12, 13], we estimated that
the PCT protocol would reduce the number of days of in-
hospital antibiotic exposure by more than 24% compared
with standard therapy [an average decrease of 1.9 days in
the PCT group (24% of 8 days of antibiotic therapy in the
non-PCT group), with a standard deviation of =5 days, a
two-sided alpha risk of 5 and 90% power]. The difference
in 3-month mortality (the primary endpoint) between
the randomized groups was computed by a generalized
linear model of risk difference adjusting for the presence
or absence of pneumonia, as appropriate. The upper-
limit of the 90% CI, which corresponded to a 5% risk,
had to be lower than the 12% non-inferiority margin for
a declaration of non-inferiority. The difference in antibi-
otic therapy exposure (the secondary endpoint) between
the randomized groups was computed by the weighted
inverse variance mean difference. No interim analysis
was planned. We conducted predefined subgroup analy-
sis based on the presence or absence of pneumonia and
post hoc subgroup analyses based on the presence or
absence of antibiotic therapy at baseline and the delay
between admission and randomization, using the same
approach as the overall analysis. The presence of interac-
tion between subgroups was tested by the Breslow-day
test.

SAS v.9.4 software (SAS Institute, Cary, NC, USA) was
used for the data analysis. All tests were 2-sided, and a p
value <0.05 was considered statistically significant.

Results

Patient characteristics

A total of 302 patients were randomized into the PCT
(n=151) and control (n=151) groups. Three ICUs from
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Patients with
AECOPDs with
suspected LRTls Not included N=302
N=604 Previous PCT n=44
Declined to participate n=42
Eligible but not included n=15
Moribund or with treatment
limitations n=58
Informed consent not possible
(legal issues) n=20
Hospital admission >48 h n=88
Randomized Others n=35
N=302

PCT-group Standard-group
N=151 N=151
Analysed Analysed
N=151 N=151

Fig. 1 Flow chart. LRT/ low respiratory tract infection

teaching hospitals consecutively included 81% of the
sample size. The groups included 64 and 61 patients with
AECOPDs with pneumonia, respectively (Fig. 1). The
baseline characteristics of the randomized patients are
shown in Table 1 (detailed information pertaining to each
subgroup may be found in the Supplemental Appendix).
A higher percentage of patients with home oxygen and
home noninvasive ventilator support were randomized
in the PCT group. Overall, 264 patients (87%) needed
mechanical ventilation.

Antibiotic therapy during the first 48 h after inclusion
included: cephalosporins (31%), macrolides (25%), antip-
seudomonal penicillins (19%), aminopenicillins (18%),
and fluoroquinolones (5%). Patients with pneumonia
received combination therapy in 88% of cases (52/64 in
PCT group and 58/61 in control group, p = 0.013).

During the ICU stay, there were no differences between
the PCT and control groups with respect to the follow-
ing parameters (detailed information may be found in the
Supplemental Appendix): the number of patients need-
ing vasopressors and dialysis; the incidences of shock
(i.e., septic and cardiogenic shock), ARDS, multi-organ
failure, ICU-acquired pneumonia, other ICU-acquired
infections, and ICU-acquired pneumothoraxes; mechani-
cal ventilation durations; lengths of stay; and the deci-
sion to withhold or withdraw treatment; and mortality.
In addition, at the 3-month follow-up, the two groups
had experienced a similar number of relapses needing
hospitalization.

Microbiological findings

No differences in microbiological findings were noted
between the two study groups (Table 1). A total of 128
patients (42%) had AECOPDs with a confirmed micro-
biological cause (i.e., 53 (18%) patients had bacterial
infections, 62 patients (20%) had viral infections, and
13 patients (4%) had bacterial and viral co-infections).
(Detailed information pertaining to each subgroup may
be found in the Supplemental Appendix.)

PCT levels

The two study groups were also similar with regards to
the circulating PCT levels at inclusion (PCT-H0), at 6 h
after inclusion (PCT-H6), and on days 1, 3 and 5 after
inclusion. (Detailed information regarding the two study
groups and each subgroup may be found in the Supple-
mental Appendix.)

Primary endpoint

At 3 months after inclusion, 51 (17%) patients had died
[30 (20%) in the PCT group and 21 (14%) in the control
group; adjusted difference, 6.6%; 90% CI — 0.3 to 13.5%]
(Fig. 2).

The results of the subgroup analyses are shown in
Fig. 2. The effect size was not significantly different
between patients with and without pneumonia (inter-
action test, p=0.2). Among patients without antibiotic
therapy at baseline (n=119), the use of PCT significantly
increased 3-month mortality [19/61 (31%) vs. 7/58 (12%);
adjusted difference, 19.1%; 90% CI 7.2-31.1%, p=0.015
by Fisher exact test]. Among patients with antibiotic
therapy at baseline (n=182), the use of PCT was non-
inferior to the control group regarding 3-month mortality
[10/89 (11%) vs. 14/93 (15%); adjusted difference, — 3.0%;
90% CI —10.6 to 4.6%]. The effect size was significantly
different between patients with and without antibiotics at
baseline (interaction test, p =0.019).

Secondary endpoint

The number of patients in the PCT group who received
antibiotics during the PCT algorithm phase was signifi-
cantly lower than the number of patients in the control
group who received antibiotics during the PCT algorithm
phase (Fig. 3) (detailed information pertaining to each
subgroup may be found in the Supplemental Appen-
dix); however, the in-ICU and in-hospital antibiotic
exposure durations, respectively, were similar between
the PCT and control group (5.2+6.5 days in the PCT
group vs. 5.4+4.4 days in the control group, p=0.85,
and 7,9+ 8 days in the PCT group vs. 7.7£5.7 days in
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Table 1 Patient characteristics

Age (years), median (Q1-Q3) 67 (61-76) 67 (61-75)

Men, n (%) 108 (71.5) 100 (66.2)

Body mass index, median (Q1-Q3) 26.0(22.5-32.0) 245 (21.7-30.1)

Current smokers, n (%) 61 (40.4) 53 (35.1)

Comorbidies
Arterial hypertension, n (%) 81(536) 75 (49.7)
Cardiopathy, n (%) 57 (37.7) 48 (31.8)
Arteritis, n (%) 27(17.9) 21(13.9)
Diabetes mellitus, n (%) 32(21.2) 27 (17.9)
Malignancy, n (%) 8 (5.3) 10 (6.6)

Chronic renal failure requiring dialysis, n (%) 4(2.6) 1(1.0)

Severiyof COPDn G
GOLD stage 0 6 (4) 4(3)

GOLD stage | (FEV, > 80% predicted) 6 (4.0 8(5.3)

GOLD stage Il (FEV, > 50 to < 80% predicted) 25 (16.6) 22 (14.6)
GOLD stage Ill (FEV, > 30 to < 50% predicted) 41 (27.2) 50 (33.1)
GOLD stage IV (FEV, < 30% predicted) 58 (384) 53 (35.1)
GOLD stage unknown 15 (9.9) 14 (9.3)

Baseline FEV,, mean (SD) 1050 (463) 1026 (522)
Baseline FEV, % predicted, mean (SD) 41 (15.5) 39 (16.5)
FEV,/FVC ratio, mean (SD) 48 (14) 47 (13.5)
Home oxygen, n (%) 63 (41.7) 51(33.8)
Home noninvasive ventilatory support, n (%) 44(29.1) 30(19.9)

Number of hospializations for AECOPD i previousyear

Mean (SD) 0.93 (1.45) 0.87 (1.43)
Median (Q1-Q3) 0(0-1) 0(0-1)

Acuteexacerbationof COPD
With pneumonia, n (%) 64 (42.4) 61 (40.4)
Without pneumonia, n (%) 87 (57.6) 90 (59.6)

Severiyofilness
SAPS II, median (Q1-Q3) 35 (28-44) 34 (27-43)

SOFA score, median (Q1-Q3) 4 (2-5) 3(2-5.75)

Preumoniaseverityindexn®9

Score, median (Q1-Q3) 136 (109-155) 134 (108-156)
Score, mean (SD) 133.7 (33.13) 130.7 (36.2)
| Pneumoniaseverityindexclssn G0

I (predicted mortality 0.1%) 0(0.0) 0(0.0)

Il (predicted mortality 0.6%) 1(1.6) 5(8.2)

Il (predicted mortality 2.8%) 7(10.9) 2(3.3)

IV (predicted mortality 8.2%) 21(328) 22 (36.1)

V (predicted mortality 29.2%) 35 (54.7) 32(52.5)

Time between hospitaladmission and inclusion,n 66
<24h 115 (76.2) 121 (80.1)
>24h<48h 33(21.9) 19 (12.6)
>48h<72h 2(13) 11(7.3)

Invasive, n (%) 42 (27.8) 40 (26.5)
Non-invasive, n (%) 95 (63) 87 (57.6)
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Table 1 continued

Antibiotics at the time of inclusion, n (%) 89 (58.9) 93 (61.6)
Oral 74 (49.0) 74 (49.0)
Intravenous 4(2.6) 8(5.3)
Oral and intravenous 10 (6.6) 8(5.3)
Bacterial 27(17.9) 26(17.2)
Viral 35(23.2) 27 (17.9)
Co-infection 3(2.0) 10 (6.6)
PCT<0.1 pg/L, n (%) 37 (25.0) 39 (25.8)
0.1 <PCT<0.25 pg/L, n (%) 33(223) 40 (28.2)
PCT>0.25 ug/L, n (%) 78 (52.7) 63 (44.4)
Data unknown, n (%) 3(2.0) 9(6.3)
Mean (SD) 15,003 (12,578) 14,825 (10,630)
Median (Q1-Q3) 12,040 (8865-16,775) 12,820 (9607-17,152)

3-month Mortality

Subgroup No.(%) Risk difference (90% Cl) PCT group Control group  p-value
|
Overall 302 (100) —.—E 30/151 (20%)  21/151 (14%)
Pneumonia i 0.2
Absence 177 (59) —l*:— 16/87 (18%) 8/90 (9%)
Presence 125 (41) —I—‘:- 14/64 (22%) 13/61 (21%)
Antibiotic at baseline E 0.019
Yes 182 (60) —a— E 10/89 (11%) 14/93 (15%)
I
No 119 (40) —i—l— 19/61 (31%) 7158 (12%)
Delay from admission E 0.47
Within 24 hours 236 (78) —I—:L 24/115 (20%)  16/121 (13%)
> 1 day 66 (22) —I—E 6/36 (17%) 6/36 (17%)
i
|

1
<---- Favors PCT Favors Control ---->
L
I T T T T 1

30 -220 10 0 10 20 30
Fig. 2 Effect of the PCT protocol on all-cause mortality

the control group, p=0.75, respectively) (Fig. 4). Nota-  Discussion

bly, the in-ICU antibiotic exposure duration was not In this multicenter, randomized, controlled clinical study,
significantly lower in AECOPDs without pneumonia in  the use of PCT-guided antibiotic therapy failed to dem-
the PCT group than in AECOPDs without pneumonia  onstrate non-inferiority with respect to 3-month mortal-
in the control group (444.6 days in the PCT group vs. ity among patients with severe AECOPDs with suspected
4.8 +4.6 days in the control group, p=0.25). lower respiratory tract infections who were admitted to
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Patients receiving antibiotics during the PCT algorithm phase

1005 p=0.778 p=0.177 p <0.001 p <0.001 p=0.001 p=0.005 p=0.010 p=0.013

75%
50%
25%%
0%
Before Day 0 Day1 Day2 Day3 Day4 Day5 Day6
inclusion

OPCTarm MSOCarm
Fig. 3 Patients receiving antibiotics during the PCT algorithm phase

a In-ICU antibiotic treatment durations

PCT Strategy Sdt of Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Fixed, 95% CI IV, Fixed, 95% CI
With Pneumonia 6.87 655 64 6.16 6.61 61 252% 0.71[-1.60, 3.02] =
Without Pneumonia 397 455 87 48 455 90 74.8% -0.83[-2.17,0.51] ——

Total (95% CI) 151 151 100.0% -0.44 [-1.60, 0.72] ’

Heterogeneity: Chi* = 1.28, df = 1 (P = 0.26); I* = 22% * .

A v 2 4 0 1 2
Test for overall effect: Z = 0.75 (P = 0.46) Favors PCT Strategy Favors Std of Care

b In-hospital antibiotic treatment durations

PCT Strategy Sdt of Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
With Pneumonia 94 759 64 913 755 61 33.1% 0.27[-2.38,2.92] e >

Without Pneumonia 6.82 633 87 6.7 633 90 66.9% 0.12[-1.75, 1.99]

Total (95% CI) 151 151 100.0% 0.17 [-1.36, 1.70]
Heterogeneity: Chi? = 0.01, df =1 (P =0.93); I?= 0%
Test for overall effect: Z = 0.22 (P = 0.83)

2 44 0 1 2
Favors PCT Strategy Favors Std of Care

Fig. 4 Effect of the PCT protocol on in-ICU (a) and in-hospital (b) antibiotic treatment durations in the groups randomized according to the pres-
ence or absence of pneumonia
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the ICU. The upper limit of the 90% CI was 13.5%, a per-
centage that exceeded the 12% predefined non-inferiority
margin. This lack of non-inferiority is mainly due to the
subgroup of patients without antibiotic therapy at base-
line, who had a significant higher 3-month mortality in
the PCT group used to initiate antibiotic therapy com-
pared with the control group. Furthermore, the in-ICU
and in-hospital antibiotic exposure durations were simi-
lar between the PCT and control groups.

This result contrasts with those of all previous large
randomized trials assessing the effects of PCT-based
protocols on antibiotic use and outcomes in lower res-
piratory tract infections [4, 5, 20], community-acquired
pneumonia [6, 21] and moderate AECOPDs [7, 22]. In
these studies, PCT-based therapeutic strategies substan-
tially and safely reduced antibiotic use. However, in these
studies, the mean duration of antibiotic therapy in the
control group was rather long compared to the duration
of treatment recommended by more recent guidelines [1,
14], contributing statistical relevance to comparisons. In
addition, most of the patients included in the indicated
trials [4-7, 20-22] were admitted to the emergency
department for disease of low or moderate clinical sever-
ity. Only a minority of patients (range 0-14% [4—7, 20—
22]) required hospitalization in the ICU.

Our results also contrast with those of previous ran-
domized trials [8—11, 23-27] demonstrating that PCT-
guided strategies reduce antibiotic exposure (with the
exception of [24, 25]) without leading to adverse out-
comes in critically ill patients with suspected severe bac-
terial infections. However, only two of the trials were
also designed to demonstrate the non-inferiority of PCT-
guided strategies with respect to mortality. Interestingly,
these two large randomized trials reported contradictory
results. In one study [9], 60-day mortality was higher in
the PCT group than in the control group, and the non-
inferiority margin of 10% was almost reached. In the
other study [10], 28-day and 1-year mortality were signif-
icantly lower in the PCT group than in the control group,
and the non-inferiority margin was 8%. Between-study
differences in the PCT-guided antibiotic protocols may
explain the above discrepancies. One protocol provided
rules for the initiation, continuation and discontinuation
of antibiotic treatment [9], while the other focused on the
deescalation of antibiotic therapy [10]. One study [23],
designed to demonstrate the superiority of PCT-guided
therapy with respect to mortality, noted no improve-
ments in 28-day mortality in the PCT group compared
with the control group. The results of different meta-
analyses were also inconsistent [28-31]. In addition, a
large controlled clinical trial [32] failed to demonstrate
the ability of PCT-guided antimicrobial escalation to
improve survival of patients with severe sepsis or shock

in surgical ICUs. Therefore, the ability of PCT-based
strategies to safely reduce antibiotic exposure in critically
ill patients, especially patients with severe AECOPDs,
remains unclear.

To our knowledge, this was the first randomized con-
trolled clinical trial investigating the ability of a PCT-
based strategy to safely reduce antibiotic exposure in a
homogenous population of patients (i.e., patients with
AECOPDs) with suspected lower respiratory tract infec-
tions who need noninvasive or invasive mechanical ven-
tilation (a routine situation in an adult medical ICU).
This study failed to achieve its primary objective (i.e., to
demonstrate the non-inferiority of a PCT-based strat-
egy with respect to 3-month mortality) and to achieve its
secondary objective (i.e., to demonstrate that PCT-based
strategies decrease, the in-ICU and in-hospital antibi-
otic exposure durations) in the overall cohort and the
predefined subgroups (i.e., AECOPDs with and without
pneumonia). From a theoretical point of view, two differ-
ent explanations could explain the lack of non-inferior-
ity of PCT-guided algorithms in this cohort with severe
AECOPD. Firstly, PCT could fail to distinguish between
infectious and non-infectious causes of ACOPD. Alter-
natively, patients with AECOPD benefit from antibiotic
therapy regardless of the cause of AECOPD, and any
delay in antibiotic prescription in such patients leads to
poorer outcome. The subgroup analysis of patients with-
out antibiotic therapy at baseline strongly support the
latter hypothesis. Therefore, AECOPD patients admitted
in the ICU should promptly initiate antibiotic therapy,
regardless of the level of PCT. This point is also sup-
ported by a Cochrane meta-analysis [33] reporting that
antibiotics reduced the risk of treatment failure in severe
AECOPDs and reduced mortality in patients hospitalized
in the ICU.

Several limitations of the study warrant discussion.
First, this study was an open intervention trial in which
the clinicians knew that their treatment decisions were
observed. Second, the time frame required for reaching
the preplanned sample size (i.e., 6 years) was long. Third,
to reflect clinical practice, we chose to include pneu-
monic and non-pneumonic AECOPD patients with dif-
ferent prognoses; however, randomization was stratified
according to whether pneumonia was present or absent
allowing a similar distribution between groups. Fourth,
antibiotic treatment before the randomization of specific
subsets of patients may have affected PCT levels. How-
ever, previous reports showed that PCT levels were not
different between patients pre-treated with antibiotics
and antibiotic-naive patients [6, 7, 12, 13]. Fifth, the algo-
rithm proposed in the present study may have underes-
timated the probability that a patient could be infected
at the lowest PCT threshold. However, our group has
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prospectively evaluated the validity of the PCT algorithm
previously in similar patients [12, 13]. In these studies, no
bacteria judged responsible for infection exacerbations
were detected by the systematic screening of the sub-
group of patients with COPD with PCT levels<0.1 pg/L.
Finally, this PCT algorithm was similar to those used in
previous major studies in the field [4-7].

Conclusion

In this study, we failed to demonstrate non-inferiority
with respect to 3-month mortality of a PCT-based strat-
egy focusing both on initiation or discontinuation of anti-
biotics in patients with severe AECOPDs with suspected
lower respiratory tract infections who needed mechani-
cal ventilation. Furthermore, the PCT-based strategy
failed to reduce in-ICU and in-hospital antibiotic expo-
sure durations. This result may have substantial clinical
implications for the management of critically ill patients
with AECOPDs. Finally, our study indirectly supports
the prompt initiation of antibiotic therapy among severe
AECOPD admitted in ICU to contribute to reduce
3-month mortality.
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