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ABSTRACT

The 2020 Global Initiative for Obstructive Lung
Disease report indicates that the blood bio-
marker procalcitonin (PCT) may assist in deci-
sion-making regarding the initiation of
antibiotics for chronic obstructive pulmonary

disease (COPD) exacerbations. PCT is an acute-
phase reactant that increases in response to
inflammation and infection, and has been
studied in various bacterial infections for initi-
ation and de-escalation of antibacterials. The
purpose of this systematic review and meta-
analysis was to evaluate the strength of the data
on the use of PCT to guide antibiotic prescrip-
tion in COPD exacerbations. Among the ran-
domized clinical trials included in our meta-
analysis, almost all of which were conducted
exclusively in the hospital setting. PCT was
found to decrease overall antibiotic exposure in
COPD exacerbations by 2.01 days (p = 0.04),
while no apparent effects were found on clinical
outcomes (length of hospital stay, p = 0.88;
treatment failure p = 0.51; all-cause mortality
p = 0.28). However, the majority of blood PCT
levels in COPD exacerbations were below the
manufacturer-recommended cutoff for antibi-
otics, and the use of this marker was associated
with worse outcomes in the intensive care set-
ting. Further, based on additional sensitivity
analysis excluding studies with high risk of
bias or with converted outcome value, the effect
of PCT on antibiotic duration in RCTs was no
longer significant (MD = -1.88 days, 95% CI
[-3.95, 0.19] days, p = 0.08, and
MD = -1.72 days, 95% CI [-4.28, 0.83] days,
p = 0.19, respectively). Our review and analysis
does not support the use of PCT to guide
antibiotic prescription in COPD exacerbations.
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Key Summary Points

The 2020 Global Initiative for Obstructive
Lung Disease report indicates that the
blood biomarker procalcitonin (PCT) may
assist in guiding the initiation of
antibiotics for chronic obstructive
pulmonary disease (COPD) exacerbations.

The purpose of this study was to evaluate
the strength of data for PCT to guide the
prescription of antibiotics in COPD
exacerbations. Our study shows that after
excluding studies with high risk of bias,
the PCT-based protocol may not
significantly reduce the duration of
antibiotic treatment.

The PCT-based protocol may increase the
length of hospital stay for intensive care
unit (ICU) patients. PCT has limited value
in guiding antibiotic use in COPD
exacerbation.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
exacerbations are common events that con-
tribute to disease progression, increase health-
care utilization, and lead to the use of drug
therapies with potentially significant adverse
effects [1]. Although many COPD exacerbations
are non-bacterial, and the quality of evidence
for antibiotic use is low to moderate in most
patient care settings, the 2020 Global Initiative
for Chronic Obstructive Lung Disease (GOLD)
report recommends treatment with antibacte-
rials in patients who present with sufficient
clinical symptoms [1]. Antibacterials can be
overprescribed in COPD exacerbations due to
confounding factors such as bacterial coloniza-
tion, unavailability of sputum cultures, and
overlap with similarly presenting illnesses. To

further streamline antibiotic prescribing in
COPD, sensitive and specific clinical biomarkers
are needed to guide antibiotic use in COPD
exacerbation.

The 2020 GOLD report defines a biomarker
as ‘‘characteristics that are objectively measured
and evaluated as an indicator of normal biologic
or pathogenic processes or pharmacological
responses to therapeutic interventions’’ [1]. A
number of biological markers have been studied
as an adjunct to clinical decision-making to
improve antibiotic utilization for lower respira-
tory tract infections (LRTIs) including COPD.
These include blood-based biomarkers such as
the acute-phase reactants serum procalcitonin
(PCT) and C-reactive protein (CRP), as well as
sputum markers such as interleukin-1B. CRP
measurement is not routinely recommended by
the 2020 GOLD report, due to the fact that
elevated levels are present in both viral and
bacterial infections [2, 3], and in light of con-
flicting study results [1] and the need for addi-
tional studies. In contrast, the 2020 GOLD
report indicates PCT is a potentially useful bio-
marker for COPD exacerbation because it is
more sensitive for bacterial infection than CRP.
The GOLD report also notes low to moderate
evidence based on two prior meta-analyses [4, 5]
for PCT in COPD exacerbation, conflicting
findings among studies, and higher mortality
when employed in the intensive care unit (ICU)
setting [6]. The United Kingdom National
Institute for Health and Care Excellence (NICE)
guidelines do not provide any recommenda-
tions for CRP or PCT in COPD exacerbation [7].

PCT is a peptide precursor of calcitonin and
is also an acute-phase reactant in the inflam-
matory cascade [8]. It is normally produced in
low quantities by the thyroid gland; however,
in the presence of bacterial infections, synthesis
is dramatically increased in all parenchymal
tissues including the intestine, liver, and kidney
[8]. Such parenchymal tissues lack the ability to
convert PCT to calcitonin, resulting in PCT
entering the systemic circulation and increasing
blood levels. PCT may contribute to tissue
damage, but also has anti-inflammatory effects
as shown by endotoxin exposure studies in
humans [8, 9].
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In the patient care setting, serum PCT is
measured and then applied clinically based on
algorithms that use different thresholds to
guide antibacterial initiation or for early dis-
continuation. The United States (US) Food and
Drug Administration (FDA)-approved thresh-
olds for these assays are as follows: antibiotics
strongly discouraged if PCT\ 0.1 lg�L-1, dis-
couraged for serum levels between 0.1 and
0.25 lg�L-1, recommended for levels[0.25 to
0.5 lg�L-1, and strongly recommended for
levels[ 0.5 lg�L-1.

To better inform clinicians on the current
use of PCT for antibiotic treatment of COPD
exacerbations, we undertook a systematic
review and meta-analysis to investigate the
impact of a PCT-based protocol on antibiotic
prescription and clinical outcomes in patients
with COPD exacerbations.

METHODS

PubMed, EmBase, the Cochrane Library, and
ClinicalTrials.gov were searched through
February 29, 2020. The search terms were the
combination of subject terms and free terms.
Details of the search terms for PubMed are
shown in Supplementary Appendix 1. Studies
on the use of PCT-based protocols for guiding
antibiotic use in patients with COPD exacerba-
tions were eligible for inclusion. Diagnosis of
COPD exacerbations was mandatory. No
restrictions were applied to patient care settings,
details of PCT-based protocols, follow-up time,
study design, or availability of full texts. Only
studies in English or Chinese were included.
The primary study outcome was the length of
antibiotics therapy, while secondary outcomes
included hospital length of stay (LOS), treat-
ment failure, all-cause and respiratory-related
mortality, and all-cause and respiratory-related
readmission. Eligible studies had to report at
least one study outcome. Two reviewers (KC
and ZY) independently screened titles and
abstracts of retrieved citations initially, looked
into full texts, and identified final studies.

Two reviewers (KC and ZY) also indepen-
dently extracted data from original studies and
performed a quality appraisal. The following

data were extracted from identified studies:
study design, patient characteristics, PCT-based
protocol, sample size, outcome values, follow-
up time, definition of treatment failure, etc. For
continuous outcomes, median and interquartile
were converted into mean and standard devia-
tion, respectively [10].

The Cochrane risk of bias tool was applied to
evaluate the risk of bias of included randomized
controlled trials (RCTs) [11]. The Newcastle-
Ottawa scale (NOS) was applied to evaluate the
risk of bias of the included observational studies
[12]. Because we judged outcomes were not
likely to be influenced by lack of blinding of
participants and personnel, the item was rated
as ‘‘low risk of bias’’ for all RCTs. We required
PCT levels not available to providers of the
standard therapy group. If not, the item ‘‘other
risk of bias’’ would be judged high for RCTs.
When evaluating quality of observational stud-
ies, predicted forced expiratory volume in the
first second (FEV1)% or GOLD stage was con-
sidered the most important baseline character-
istic when evaluating comparability between
cohorts, while ICU admission, comorbidity, and
age were considered less important. Quality of
evidence for each outcome was assessed using
the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) method.
Publication bias was evaluated only if more
than 10 studies were included in a meta-
analysis.

Meta-analysis was performed using RevMan
5.1 (Cochrane Information Management Sys-
tem). The Mantel–Haenszel and inverse vari-
ance methods were used as the statistical model
to calculate the risk ratio (RR) and mean dif-
ference (MD) for binary and continuous out-
comes, respectively. The Cochran Q v2 test and
I2 statistic were used to assess heterogeneity
among studies. A value of p\0.1 was consid-
ered significant because of the low statistical
power of the v2 test for heterogeneity. A random
effects model was applied if p\0.1, I2[50%,
or clinical heterogeneity was observed among
studies; otherwise, a fixed effects model was
applied.

Subgroup analysis was performed based on
no ICU admission, PCT level cutoff (0.25 lg�L-1

vs.\ 0.25 lg�L-1), and follow-up time
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(B 1 month vs.[ 1 month, for mortality and
readmission outcomes only), and sensitivity
analysis was performed based on the risk of bias
of included studies, existence of continuous
data converted from median and/or interquar-
tile, and baseline antibiotics upon admission.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS OF SYSTEMATIC REVIEW
AND META-ANALYSIS

Overview of Studies

A total of 14 studies were included in the meta-
analysis of PCT as a biomarker for COPD exac-
erbation (Fig. 1) [6, 13–25]. Reasons for exclud-
ing studies are summarized in Supplementary
Appendix 2; the most common reason for
excluding a study was the lack of reported data
specifically on COPD exacerbation. Character-
istics of the included studies are shown in Sup-
plementary Appendix 3. Raw data are shown in
Supplementary Appendix 4. The types of
patients and settings varied among the studies
in COPD exacerbation. Only two studies repor-
ted that subjects were classified as type I or II
Anthonisen exacerbation (Supplementary
Appendix 3). All but two of the studies of PCT in
COPD exacerbation were conducted in the
hospital setting [13–15, 17, 18, 20–23, 25], while
fewer studies were undertaken in the emergency
department [16, 19] or ICU setting [6, 24], and
none in the outpatient setting.

Target threshold PCT blood levels varied
among studies, where nine studies utilized
0.25 lg�L-1 [13–19, 22, 24], consistent with US
FDA recommendations. Daubin et al. and Stolz
et al. used lower PCT level cutoffs (0.1 and
0.1–0.25 lg�L-1, respectively) [6, 20]. An impor-
tant finding among these studies is that more
than three-fourths of patients had PCT blood
levels below the 0.25 lg�L-1 threshold recom-
mended by the FDA for antibiotic prescription
[13, 18, 20]. There was a wide variance in mean
PCT blood levels in COPD exacerbation ranging
from 0.06 to 1.44 lg�L-1 (Supplementary

Appendix 3); some of this variation is related to
higher PCT levels reported with pneumonia.

Quality Appraisal of Clinical Studies
of Procalcitonin in COPD Exacerbation

The risk of bias among included RCTs and
observational studies is shown in Fig. 2 and
Supplementary Appendix 5, respectively. The
GRADE analysis for all outcomes is summarized
in Table 1.

For RCT studies, risk of bias was not assessed
for two studies with abstract only due to lack of
information [22, 24]. Because further informa-
tion was provided by the authors of one study,
we assessed its risk of bias [23]. Only two out of
nine studies reached a full score by the risk of
bias assessment [16, 19]. Four studies did not
blind outcome assessors [14, 15, 17, 21], while
two studies were judged as high risk for selec-
tion [15, 17] and attrition bias [17, 21], respec-
tively. We could not confirm whether PCT
results were accessible to providers of the stan-
dard-therapy group in 4 studies [14, 15, 17, 23].

For observational studies, three studies used a
before–after study design, and appropriate
selection of a non-exposed group was unclear
[13, 18, 25]. The existence of comorbidity was
not comparable between exposed and non-ex-
posed groups in one study [18]. We were unsure
about the comparability between their exposed
and non-exposed groups for two studies [13, 25].

PCT-Based Protocol and Length
of Antibiotic Treatment

A total of six RCTs [6, 14–16, 19, 23] and two
observational studies [13, 25] reported length of
antibiotic treatment. Outcome measures of
three studies were converted from median and/
or interquartile [15, 19, 25]. A random effects
model was applied to the meta-analysis of RCTs.
Results from both RCTs and observational
studies showed that the use of PCT-based pro-
tocols significantly reduced the length of
antibiotic treatment in COPD exacerbation
(MD = -2.01 days, 95% confidence interval (CI)
[-3.89, -0.14] days, p = 0.04, moderate quality,
and MD = -1.64 days, 95% CI [-2.91, -0.36]
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days, p = 0.01, very low quality for RCTs and
observational study, respectively) (Fig. 3).

Of the six RCTs, only Daubin et al. was
conducted in an ICU setting and utilized a
lower PCT level cutoff (0.1 lg�L-1). In this
study, patients who used PCT-based protocols
had similar antibiotic treatment duration
(MD = 0.20 days, 95% CI [-1.37, 1.77] days,
p = 0.80) compared with the standard therapy
group. A subgroup difference test between
Daubin et al. and the other five RCTs was posi-
tive (p = 0.05) [6]. After excluding Nangia et al.
[23], who did not report a PCT level cutoff, no

significant difference was found between Dau-
bin et al. and the other four RCTs. Since both
observational studies showed a significant
reduction in the length of antibiotic treatment,
there was no need to conduct subgroup analysis
on the observational studies.

PCT-Based Protocol and Length
of Hospital Stay

A total of nine RCTs [6, 14–17, 19–21, 23] and
three observational studies [13, 18, 25] reported
hospital LOS. Outcome measures of five studies

Fig. 1 PRISMA flow diagram of study screening
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were converted from median and/or interquar-
tile [15, 19–21, 25]. A random effects model was
applied to the meta-analysis of RCTs, and
showed that among patients with PCT-based
protocols, the LOS was similar to that in
patients managed by standard therapy
(MD = 0.06 days, 95% CI [-0.71, 0.83] days,
p = 0.88, low quality). For observational studies,
the use of PCT-based protocols had no effect on
LOS compared to standard management when a
random effects model was applied to the meta-

analysis (MD = -0.17 days, 95% CI [-1.62,
1.28] days, p = 0.82, very low quality) (Supple-
mentary Appendix 6).

Subgroup analysis could only be performed
in RCTs due to limited data. Unlike non-ICU
patients, ICU patients following a PCT-based
protocol had significantly longer hospital LOS
compared with the standard therapy group
(MD = 4.03 days, 95% CI [0.74, 7.32] days,
p = 0.02) [6]. A subgroup difference test between
ICU and non-ICU patients was positive

Fig. 2 Risk of bias of included randomized controlled trials for PCT in COPD exacerbations
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(p = 0.02). Subgroup analysis on PCT level cut-
off did not show significant results.

PCT-Based Protocol and Treatment Failure

A total of seven RCTs [15–17, 19–21, 23] and
two observational studies [18, 25] reported
treatment failure. Criteria of treatment failure
in most studies included worsening symptoms,
ICU admission, death, and readmission within
72 h to 30 days of admission. Since definitions
of treatment failure varied among studies, a
random effects model was applied to the meta-
analysis of RCTs. Results from both the RCTs
and the observational study showed that COPD
patients with exacerbation managed with PCT-
based protocols had similar treatment failure
rates as the standard therapy group (RR = 0.97,
95% CI [0.77, 1.22], p = 0.27, low quality, and
RR = 0.83, 95% CI [0.47, 1.45], p = 0.81, very
low quality for RCTs and observational studies,
respectively) (Supplementary Appendix 6).
Subgroup analysis on PCT level cutoff did not
show any significant results.

PCT-Based Protocol and Mortality

A total of 13 studies (nine RCTs
[6, 14–17, 19–21, 23] and four observational
studies [13, 18, 24, 25]) and four studies (three
RCTs [15, 17, 23] and one observational study
[13]) reported all-cause and respiratory-related
mortality within 21 days to 6 months, respec-
tively. A fixed effects model was applied to the
meta-analysis of both RCTs and observational
studies. No respiratory-related death occurred in
patients from the observational study. Results
from both the RCTs and the observational study
showed that PCT-based and standard of care-
based protocols had similar all-cause mortality
(RR = 1.19, 95% CI [0.83, 1.71], p = 0.74, low
quality, and RR = 1.47, 95% CI [0.73, 2.96],
p = 0.28, very low quality for RCTs and obser-
vational studies, respectively) and respiratory-
related mortality rates compared with the
standard therapy group (RR = 0.65, 95% CI
[0.11, 3.82], p = 0.63, moderate quality for
RCTs) (Supplementary Appendix 6).
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Due to limited data, no subgroup analysis
was performed on respiratory-related mortality.
Subgroup analysis on ICU admission, PCT level
cutoff, or follow-up time did not show any sig-
nificant results.

PCT-Based Protocol and Hospital
Readmission

A total of nine studies (four RCTs [15, 16, 21, 23]
and five observational studies
[13, 18, 22, 24, 25]) and five studies (four RCTs
[6, 15, 20, 21] and one observational study [13])
reported all-cause and respiratory-related read-
mission within 28 days to 6 months, respec-
tively. A fixed effects model was applied to
meta-analysis of either study design or out-
come. Results from both RCTs and observa-
tional study showed that patients managed
with PCT-based protocols had similar all-cause
readmission (RR = 1.09, 95% CI [0.81, 1.48],
p = 0.56, low quality, and RR = 0.97, 95% CI
[0.74, 1.28], p = 0.84, very low quality for RCTs
and observational studies, respectively) and
respiratory-related readmission rates compared
with the standard therapy group (RR = 1.02,
95% CI [0.75, 1.39], p = 0.91, low quality, and
RR = 0.86, 95% CI [0.44, 1.70], p = 0.67, very
low quality for RCTs and observational study,
respectively) (Supplementary Appendix 6).

Of five observational studies reporting all-
cause readmission, only Sabrine et al. studied

ICU patients and had follow-up time longer
than 30 days. In this study, patients who used
PCT-based protocols had a significantly lower
all-cause readmission rate (RR = 0.44, 95% CI
[0.21, 0.95], p = 0.04) compared with the stan-
dard therapy group [24]. A subgroup difference
test between Sabrine et al. and the other four
observational studies was positive (p = 0.03).
Other subgroup analysis on all-cause and respi-
ratory-related readmission did not show any
significant results.

Sensitivity Analysis

After removal of studies with one or more high-
risk-of-bias items (except blinding for outcome
assessment) [15] or with converted outcome
value [15, 19], the difference in the length of
antibiotic treatment between the two groups
was no longer significant (MD = -1.88 days,
95% CI [-3.95, 0.19] days, p = 0.08, and
MD = -1.72 days, 95% CI [-4.28, 0.83] days,
p = 0.19, respectively) in RCT meta-analysis.
Also, after removal of studies with one or more
high-risk-of-bias items (except blinding for
outcome assessment) [15, 17, 21] and applica-
tion of a fixed effects model, the PCT group had
a significantly longer hospital LOS compared
with the standard therapy group
(MD = 0.56 days, 95% CI [0.06, 1.05] days,
p = 0.03), and the I2 was reduced from 65 to
45%. For observational studies, after removal of

Fig. 3 Forest plot of the effects of PCT-based protocol versus standard treatment on length of antibiotic treatment
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Townsend et al., which had a lower NOS score
and a converted outcome value [25], and
application of a fixed effects model, the PCT
group had a significant 1-day shorter hospital
LOS (MD = -1.01 days, 95% CI [-1.62, -0.40]
days, p = 0.001) compared with the standard
therapy group, and the I2 was reduced from 84
to 37%. Our results proved robust to each of the
remaining predefined sensitivity analyses.

DISCUSSION

Our analysis does not support the use of serum
PCT measurements to guide antibacterial pre-
scription in COPD exacerbation, as it does little
to improve antibiotic use, clinical outcomes, or
healthcare utilization. PCT-based protocols did
result in a shorter overall duration of antibiotic
therapy by a mean of 2 days in the hospital
setting; however, our sensitivity analysis using
only more well-designed studies indicated that
the effect on duration was no longer significant.
Treatment failure, hospital readmission, and
overall mortality were similar between PCT-
based and standard antibiotic treatment.
Although no differences were found in overall
respiratory and all-cause mortality, two studies
conducted in the ICU setting reported higher
mortality with the use of PCT, indicating that it
should not be used in critically ill patients with
COPD exacerbations [6, 24]. Hospital LOS and
risk of readmission, key healthcare utilization
metrics, were also similar between PCT-guided
antibiotic therapy and standard of care.

The FDA approved the use of serum PCT
assays as an anti-infective biomarker in the
United States in 2012 [26], and then expanded
indications in 2017 to include assisting with
initiating or discontinuing antibiotics in lower
respiratory tract infections and discontinuing
antibiotics in sepsis. Among the studies inclu-
ded in the analysis (Table 1), PCT levels were
often below the FDA-recommended 0.25 lg�L-1

threshold [13–16]. If the FDA-recommended
PCT threshold had been utilized, it would have
been more likely that antibiotics would have
been discouraged, even in patients presenting
to the hospital with Anthonisen type I or II
exacerbation [14]. An upcoming randomized,

double-blind, placebo-controlled study (ABA-
COPD) targeting 1000 patients with moderate
acute COPD exacerbation will use an upper PCT
limit of 0.25 lg�L-1 to enroll patients in order to
avoid the inclusion of patients with possible
pneumonia [27].

In addition to our meta-analysis, inherent
limitations in PCT measurement for COPD
exacerbation should be taken into considera-
tion. Apart from typically low serum levels with
COPD exacerbation in the hospital setting, two
studies showed that PCT was unreliable in dif-
ferentiating between a viral and bacterial
infection [2, 3], and in one study did not dif-
ferentiate between stable and acutely ill patients
[28]. Because PCT alone does not correlate well
with the presence of bacteria in COPD exacer-
bation, recovery without antibiotics or with an
abbreviated course was assumed by investiga-
tors to equate to the absence of a clinically sig-
nificant bacterial infection. Finally, PCT levels
can be elevated with mycobacterial and sys-
temic candida infections as well as renal disease,
cardiogenic shock, and trauma [29].

The Anthonisen exacerbation type is con-
sidered the gold standard for determining the
need for antibacterials in COPD exacerbation
[1, 7], and the effectiveness of other infectious
biomarkers markers should thus be judged on
this basis. In two studies of COPD exacerbation
[21, 30], PCT serum levels did not differ
between purulent and mucoid sputum, and one
would expect higher values with the former, as
bacteria are more likely to be present. In a pla-
cebo-controlled study of doxycycline for COPD
type I and II exacerbations, antibiotic treatment
resulted in improved efficacy even with mean
PCT levels of 0.1 lg�L-1, which according to the
PCT-based protocol would not have justified the
use of antibiotics [31].

Our analysis showed that healthcare utiliza-
tion and clinical outcomes did not differ
between PCT- and standard-of-care-based
antibiotic treatment of COPD exacerbations.
While the lack of a negative effect on healthcare
utilization appears to be a favorable finding for
PCT-guided antibiotic treatment, two placebo-
controlled studies showed that when employ-
ing the Anthonisen exacerbation criteria to
prescribe antibiotics, treatment resulted in a
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lower probability of hospital readmission
[31, 32]. Particularly concerning are the worse
outcomes reported with the use of PCT for
COPD exacerbation in the ICU setting [6, 24]. In
a prospective, randomized, controlled clinical
trial of COPD exacerbation in the ICU setting in
89 patients without antibiotic therapy at base-
line, Daubin et al. found that the use of PCT
significantly increased 3-month mortality [19/
31 (31%) vs. 7/58 (12%), p = 0.015] [6]. Further,
a retrospective study of 93 patients with COPD
exacerbation who were mechanically ventilated
in the ICU found that mortality rates in the
PCT-guided group versus control group were
19% versus 9.5%, respectively (p = 0.17) [24].

One potential area where PCT levels might
be clinically useful in COPD patients presenting
with respiratory symptoms is in differentiating
between pneumonia and exacerbation. Among
the studies of COPD exacerbation conducted in
the hospital setting, we found that all but one
reported several-fold higher PCT levels with
pneumonic COPD exacerbation. The mean or
median was near or above 0.25 lg�L-1, com-
pared to values of 0.1 lg�L-1 or lower for non-
pneumonic exacerbations [33–38]. However,
American Thoracic Society/Infectious Disease
Society of America guidelines for community-
acquired pneumonia recommend antibiotics
regardless of the PCT level [39]. This was based
in part on the poor sensitivity of PCT to differ-
entiate between viral and bacterial infections.
The presence of COPD as a comorbidity was not
discussed with that recommendation.

Strengths and Limitations

The main strengths of this study include the use
of a rigorous and up-to-date meta-analysis.
Compared to the meta-analyses by Mathiouda-
kis, we include additional RCTs as well as
observational studies [4]. A recent meta-analysis
by Ni et al., which included many of the studies
in our analysis, found that the use of PCT
decreased antibiotic use in patients with COPD
exacerbation, and suggested that it had moder-
ate ability to distinguish bacterial infection.
However, they pooled RCTs and observational
studies, which is a less reliable approach [5, 40].

We used the GRADE method to evaluate the
quality of evidence for each outcome of inter-
est. Neither of these meta-analyses discussed the
low PCT levels in COPD exacerbation below the
recommended threshold at which antibiotics
are encouraged. We also identified a potential
patient group that may benefit from additional
investigation, specifically a study on the use of
PCT testing to distinguish pneumonia from
COPD exacerbation.

The principal limitation of this study is the
low level of evidence of the clinical studies
available for the meta-analysis. No single meta-
analysis included more than 10 studies, and
therefore publication bias could not be assessed.
An additional important limitation is that
nearly all studies were conducted in the hospital
setting, whereas most COPD flares occur in the
outpatient setting. It was apparent that PCT
measurement should not be used for COPD
exacerbations in the ICU setting. However, we
did not investigate the impact of using a PCT-
based protocol on the length of ICU stay in
patients with COPD exacerbations, which is an
important clinical outcome to consider for ICU
patients. Most studies looked at clinical out-
comes as a secondary, not primary, endpoint.
Lastly, although PCT measurements often
resulted in decreased antibacterial use, data
were not available to assess the impact on
antibiotic-related adverse effects.

CONCLUSION

Our meta-analysis shows that PCT has limited
value in guiding antibiotic use in COPD exac-
erbation. PCT blood levels in such cases are
often below the FDA-recommended threshold
for initiating antibacterial treatment, even with
type I or II exacerbations requiring hospitaliza-
tion, a setting where antibiotic efficacy has been
demonstrated. In particular, PCT should not be
used in the ICU setting to guide antibacterial
prescribing in COPD exacerbation. Further
study may be warranted on the ability of PCT to
differentiate pneumonia from exacerbation and
on randomized PCT use based on Anthonisen
exacerbation criteria, particularly with regard to
sputum purulence.
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