General Internal Medicine and Clinical Innovations

Research Aricle

Oat

open access text

Procalcitonin-guided algorithms of antibiotic therapy in

the intensive care unit with sepsis: a meta-analysis
Yuhan ZHU, Xiaoxu SHEN?, Yongyao WEN?, Zhen WANG, Zhaobo WANG', Xin DONG, Jiebai LI', Qingqing HAN", Jing ZHAO"

and Lei LIU!

"Dongzhimen Hospital Affiliated to Beijing University of Chinese Medicine, Beijing 100029, China
Cardiovascular Department of Dongzhimen Hospital Affiliated to Beijing University of Chinese Medicine, Beijing 100700, China

3Guangxi University of Chinese Medicine, Nanning 530001, China

Abstract

Objective: To systematically review the effectiveness and safety of antibiotic therapy in sepsis under the guidance of procalcitonin in ICU.

Data sources: PubMed, The Cochrane Library (through October 2016), EMbase, Web of Science, reference lists of retrieved publications. No limitations regarding
the language of publications.

Study selection: We included only randomized controlled studies reporting on critically ill patients with sepsis managed with a PCT-guided algorithm vs. Routine
practice.

Data extraction: Data on study characteristics, interventions, and outcomes were retrieved by two independent reviewers. Risk ratios, mean differences, and 95%
confidence intervals were calculated by implementing both the Mantel-Haenszel fixed effect model and the Mantel-Haenszel random effect model.

Data synthesis: Thirteen randomized controlled studies involving 4728 ICU septic patients were included. Compared with the routine particle, PCT-guided
algorithms decreased the total duration of antibiotic therapy (REM; MD=-1.60; 95%CI, -2.14 to -1.06; Z=5.79; P<0.00001), and the 28-day mortality had also been
reduced ((FEM; MD=0.86; 95%CI, 0.76 to 0.97; Z=2.39; P=0.02). However, between the PCT-guided group and the routine practice group, the length of ICU and
hospital stay, the ICU mortality, in hospital mortality and the rates of clinical cure had no significant difference.

Conclusions: The PCT-guided algorithms could decrease the total duration of antibiotic therapy and reduce the 28-day mortality of septic patients in ICU without
improving the length of ICU and hospital stay, the ICU mortality, in hospital mortality and the rates of clinical cure. Further research is still necessary before the

wide adoption of this strategy.

Introduction

Sepsis is defined as a systemic inflammatory response syndrome
(SIRS) plus documented or suspected infection [1], associated with
increasing hospitalization and mortality [2,3]. Antibiotic therapy is
the key to cure and reduce the mortality of sepsis. Procalcitonin(PCT),
a calcitonin precursor, is a promising biomarker to diagnose the
potential sepsis [4]. Even though, Procalcitonin-guided algorithms of
antibiotic therapy in intensive care unit is still not universally accepted
[5]. Researchers have found that PCT-guided algorithm may reduce
antibiotic exposure of sepsis in ICU, but cannot reduce the patients’
mortality [6,7]. It remains unclear if the Procalcitonin-guided algorithmic
can improve health outcomes compared with routine practice in ICU.
Therefore, we performed the Meta-analysis of the randomized controlled
trials reporting on the outcomes of septic patients in ICU.

Materials and methods

Data sources and searches

We systematically searched MEDLINE, the Cochrane Library,
EMbase and Web of Science (from inception up to October 31,2016)
to identify relevant randomized controlled trials(RCTs) by using the
search terms: procalcitonin AND sepsis AND intensive care unit AND
(antibiotic therapy OR Anti-Bacterial Agents OR Anti-Infective) AND
Random. The reference lists of the initially retrieved articles were also
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reviewed. If necessary, the corresponding authors of each one of the
included studies were contacted by e-mail for additional information.

Selection of studies

Two investigators independently carried out the computerized
literature search and local the potentially eligible articles. The inclusion
criteria in this meta-analysis is that critically ill patients with sepsis
managed with a PCT-guided algorithm vs. Routine practice. No
limitations regarding the country, time or language of publications. We
excluded trials performed outside the intensive care unit(ICU).

Outcome measures

The duration of antibiotic therapy, length of ICU and hospital stay,
28-day all-cause mortality, ICU and in hospital mortality, the rates of
clinical cure.
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Data extraction and quality assessment

Two investigators dependently reviewed the full text of the
retrieved articles and reported the results in a structured dataset.
Disparities between investigators regarding the inclusion of each trial
were resolved by consensus by a third independent investigator. The
data’s included first author, year and country of publication, ICU type,
study design, number of patients managed with Procalcitonin-guided
algorithmic vs. routine practice, details of the PCT-implemented
algorithm. The assessment of the methodologic quality of the included
RCTs were followed the recommendations exemplified in the Cochrane
handbook for systematic reviews of interventions and summarized
in a domain-based evaluation of the following components: random
sequence generation, allocation concealment, blinding, incomplete
outcome data, selective reporting and other bias [8].

Data synthesis and analysis

We used Review Manager 5.3 to conduct the statistical analysis. The
between-study heterogeneity was assessed by the chi-squared test and
its extent was quantified by the I’ statistic (I? values of 25%,50%, and
75% were considered to represent low, moderate and severe statistical
inconsistency [9]. If significant heterogeneity could be detected,
subgroup analysis and sensitivity analysis will be estimated. Continuous
outcomes were analyzed using mean differences(MD) and 95%
confidence intervals(CIs). Risk ratio(RR) and 95% CI were calculated
by implementing the Mantel-Haenszel fixed effect model(FE) and the

Mantel-Haenszel random effect model(RE). A p<0.05 was thought to
indicate statistical significance in this meta-analysis.

Results

Study selection

Of the 829 citations found in MEDLINE, the Cochrane Library,
EMbase and Web of Science. The majority were excluded for reasons
presented in (Figure 1). Thus, thirteen RCTs [10-22] met the inclusion
criteria for this Meta-analysis.

Study description

In Table 1, we list the main characteristics of the included studies
that meet our eligibility criteria. All studies [10-22] were published
from 2007 to 2016. Their individual sample size ranged from 27 to
1546 patients. Eight single-center studies and Five multi-center studies.
All studies had been conducted in ten different countries: Czech
Republic, Switzerland, Germany, France, Belgium, China, Brazil, Iran,
Australian, Netherlands. Twelve studies were published in the English
language and one study was published in the Chinese language. Eleven
studies included medical, surgical, and mixed ICUs [10-13,15-19,21-
22], two focused on surgical ICUs [14,20].

Data regarding the impact of PCT-guided algorithms on the
antibiotic therapy are presented in [Table 2]. Data on the quality of the
included studies are presented in Table 3. Eight studies are considered

Potentially relevant articles(n=829): PubMed(n=98),
The Cochrane Library(n=29), EMbase(n=429), Web
of Science(n=273)

Additional records identified through the
review of the references of the initially
retrieved articles(n=0)

Records after duplicates removed(n=621)

Records excluded(n=591),
because they were:
reviews(n=137) meta-

Records screened (n=621)

analysis(n=13) case-reports(n=49)
irrelevant to our subject (n=392)

Full-text articles excluded
(n=17), because they were:
study protocol(n=2)

Full-text articles assessed for eligibility(n=30)

correspondence(n=1)
retrospective studies(n=1) no

control group(n=2)  not
designed as RCTs(n=6)
SIRS/sepsis criteria do not
equate to SIRS/sepsis criteria of

Studies included in qualitative synthesis (n=13)

ACCP/SCCM(n=3) not
| enroll critically ill patients(n=2)

(meta-analysis) (n=13)

Studies included in quantitative synthesis

Figure 1. Flow diagram of the literature search and selection process of the studies.
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Table 1. Main characteristics of the studies included in the Meta-analysis: PCT-group vs. routine practice

First Author/Year of Svoboda/2007 [22] Nobre/2008 Schroeder/2009 Hochreiter/2009 Bouadma/2010 Layios/2012
publication (Reference) [19] [20] [14] [12] [16]
France/7 (5 medical,2
surgical) ICUs in §
Czech Republic/4 ICUs | Switzerland/I ICU in . . university-affiliated Belgium/5 ICUs of the
Country/Type of ICU in the same hospital university hospital Germany/1 surgical ICU | Germany/1 surgical ICU hospitals, and 1 univeristy hospital
medicosurgical ICU in a
general hospital.
Study Design P,PG,0L,SC P, PG, OL, SC P,PG,0OL,SC P,PG,0OL,SC P,PG,OLMC P,PG,SB,SC

Inclusion Criteria

All ICU patients 18 years
or older who developed
severe sepsis

All ICU patients with
suspected severe sepsis
or septic shock

All ICU Patients after
abdominal surgery and
after start of antibiotic
treatment with the
diagnosis of severe sepsis

Al ICU patients
requiring antibiotic
therapy based on
confirmed or highly
suspected bacterial
infections and at least
two concomitant
systemic inflammatory
response syndrome
criteria

All'ICU adult patients
with suspected infections
if they were not receiving
antibiotics before
inclusion in the study

or if they had received
antibiotics for less than
24 h.

All'ICU adult patients
hospitalized for > 48
hrs and suspected of
developing infection
either on admission or
during ICU stay.

Exclusion Criteria

chemical or burn trauma,
moribund patients, and
patients who have been
designated as "not full
support" or "do not
resuscitate"

Infections caused by
Pseudomonas aeruginosa,
Acinetobacter
baumanni, Listeria spp.,
Legionella pneumophila,
Pneumocystis jiroveci,
or Mycobacterium
tuberculosis, viruses or
parasites or infectious
conditions requiring
prolonged ABx;

ABx started >48 hrs
before enrollment;
chronic, localized
infections; severely
immunocompromised
patients; withholding

of life support; or
absence of antimicrobial
treatment despite clinical
suspicion of sepsis.

refused informed
consent, or already
had received antibiotic
treatment prior to
admission to the ICU.

Patients who refused
study consent, whose
antibiotic treatment had
been initiated before
intensive care admission,
or who had therapy
limitations

age under 18 years;
known pregnancy;
expected stay in the
ICU of less than 3 days;
bone-marrow transplant
or chemotherapy induced
neutropenia; infections
for which long-term
antibiotic treatment is
strongly recommended
poor chance of
survival, defined as
a simplified acute
physiology score (SAPS
1) of more than 65 points
at screening; and do not-
resuscitate orders.

no informed consent,
stay less than 48 hours

Description of PCT-
Guided Algorithms

ABx were encouraged
when severe sepsis with
PCT value> 2pg/L,
severe sepsis with PCT
value<2pg/L prompted
to ultrasonography and/
or CT

ABx were stopped

when PCT levels had
decreased>90% from

the initial value but not
before Day 3(if baseline
PCT<Ipg/L) or Day 5 (if
baseline PCT>1 pg/L).

ABx were discontinued if
clinical signs of infection
improved and the PCT
value was either <lpg/Ll
or decreased to <35% of
the initial concentration
within three consecutive
days

ABx were discontinued
if clinical signs and
symptoms of infection
improved and PCT
decreased to <1 pg/L or
the PCT>1 pg/L but had
dropped to 25 to 35% of
the initial value over
three days.

ABx were discontinued
when PCT<80% of the
peak concentration or an
absolute value< 0.5 pg/L

ABx were discouraged if
PCT <0.25 pg/L or

0.50 pg/L, and more or
less recommended

if PCT> 1 pg/L or 0.50
ug/L

Description of Routine
practice

ABx were based
on consultant
surgeon according to

ABx were decided by
the clinicians based on

ABx were directed
by clinical signs and

ABx were applied as
standard regimen over

ABx were based on
international

and local guidelines.
However, investigators
were free to decide the
optimum duration of

ABx were based on
the physician own

contemporary treatment  empirical rules. empirical rules. eight days. antibiotic treatment based assessment
protocol of their institute .
on their own assessment
of the infection’s clinical
course.
Number of Patients, CT- | 36,3, 31137 14/13 57/53 307/314 258/251

group/Control-group
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Liu BH/2013 Deliberato/2013 Annane/2013 Najafi/2015 Shehabi/2014 Jong/2016 Bloos/2016
[17] [13] [10] [18] [21] [15] [11]
Netherlands/15(3
China/l ICU Brazll/} Icu 0fa}ert13ry France/8 ICUs Iran/1 mixed ICU Australian/11 ICUs university medl(?al Germap y{3%
care,private hospital centres, 12 teaching multidisciplinary ICUs
hospitals) ICUs
P, PG,0L,SC P, PG,SB,SC P, PG,SB.MC P, PG, SB,SC P, PG, SB,MC P, PG, OL,MC P, PG, OL.MC

All ICU patients aged
at least 18 years and
suspected of developing
infection

All'ICU Patients with
microbiologically
confirmed infections with
sepsis, severe sepsis, and
septic shock

Al ICU adult patients
with the systemic
inflammatory response
syndrome, acute
dysfunction of at least
one organ, absence of
indisputable clinical
infection and negative
microbial cultures

AIlICU Patients with
at least two of the four
criteria including body
temperature above 38[
or below 3601,
tachycardia >90/min,
tachypnea >20/min and
leucocytosis >12x10°/L
or a leftward shift with
more than 10% band
cells or leukopenia
<4x10°/L were

defined as subject with
SIRS

All'ICU Patients older
than 18 years of age,
admitted to ICU within
the previous 72 hours,
receiving parenteral and/
or enteral antibiotics for
a suspected bacterial
infection and expected
to remain in the ICU for
longer than 24 hours

AIlICU patients aged

at least 18 years, and
received their first

dose of

antibiotics no longer than
24 h before inclusion in
the study

All'ICU adult patients
with sepsis or septic
shock

onset of antibiotic
therapy more

than 48 hours before the
date when the cultures
were performed; severe
infection caused by
viruses, Acinetobacter
baumannii or
mycobacteria;chronic
localized infections,and
refused study consent

onset of antibiotic
therapy more

than 48 hours before

the date when the
cultures were performed;
patients under 18

years old; known
pregnancy; infections
requiring prolonged
antibiotic therapy, and
osteomyelitis; severe
infection caused by
viruses, parasites, fungi,
or mycobacteria; chronic
localized infections,

and negative cultures in
patients with suspected
sepsis, severe sepsis, or
septic shock.

pregnancy, burns over
>15% of body surface
area, trauma, outpatient
or inpatient cardiac
arrest, postorthopaedic
surgery status, drug-
related neutropenia,
withdrawal of life-
supportive therapies or
a decision to withhold
them, indisputable
clinical infection or
antibiotic exposure >48
h during the time shortly
before ICU admission.

documented infection,
pus from wound or
abscess,empyema,
thrombophlebitis,
infection due to viral or
parasites, hypoxemia
(PO,<60 mmHg),
oliguria, Glasgow coma
scale (GCS) 3 without
sedation, parenteral
antibiotic usage 24
hours before admission
to ICU, hospitalization
48 hours before
enrollment, conditions
requiring prolonged
antibiotic therapy such
as endocarditis, chronic
localized infection
such as osteomyelitis
and severely
immunocompromised
patients.

patients receiving
antibiotics for surgical
prophylaxis or with
proven bacterial infection
requiring more than 3
weeks’ antibiotic therapy,
isolated systemic

fungal or systemic viral
infection in the absence
of bacterial infection,
neutropenia with a
neutrophil count less than
1,000 cells/ml, receiving
immunosuppressive
agents, cardiac surgery
or trauma or heat

stroke within 48 hours,
medullary thyroid or
small cell lung cancer,
subject not expected

to survive to hospital
discharge, or known
regnancy

in cases of systemic
antibiotics as
prophylaxis only,
antibiotics solely

as part of selective
decontamination of
the digestive tract,
prolonged therapy
(eg, endocarditis),
expected ICU stay of
less than 24 h, severe
immuno suppression,
severe infections (due
to viruses, parasites,or
Mycobacterium
tuberculosis),and
moribund patients.

Pregnant or lactating
women, patients with
selenium intoxication,
individuals with
infections for which
guidelines recommend
a longer duration of
antimicrobial therapy,
immunocompromised
patients, and those
without commitment for
full therapy or where
death was imminent
owing to coexisting
diseases

ABx were discontinued
when PCT <90% of the
peak value or an absolute
value<0.25 pg/L

ABx were discontinued
when PCT<90% of the
peak value or an absolute
value<0.5 pg/L

ABx were not to

be started or was

to be halted when
PCT<0.25ug/L, strongly
discouraged when PCT
was >0.25 t0<0.5 pg/L,
recommended when
PCT>0.5 to<5pg/L,
strongly recommended
when PCT>5pg/L

ABx were discontinued
when PCT value<0.5
ng/L,

ABx were continued
when PCT value > 2pug/L

ABx were discontinued
when PCT level<0.10
ng/L or <90% of the peak
concentration

ABx were discontinued
when PCT value<80%
of the peak value or an
absolute value<0.5 pg/L

ABx were discontinued
when PCT value<50%
of the peak value or an
absolute value<1.0 pg/L

ABX were based on
the national guidelines
and the discretion of

ABx were based on the
physician following
the PCTprotocol after a

ABx were based on
the physician' own

ABx were based on the
physician' antibiotic

ABx were based on the
local guidelines a treating
clinician were allowed
to overrule the algorithm

ABx were based on
the local or national
guidelines and according

ABx were based on the
local Guidelines

. .. lecture about PCT and assessment empiric therapy . to the discretion of
attending physicians. . . as clinically . ..
the evidence about it. o attending physicians.
indicated.
42/40 42/39 30/28 30/30 196/198 761/785 552/537

ICU, intensive care unit; PCT, procalcitonin; P, prospective; PG, parallel group;
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Table 2. Outcome data of the studies included in the Meta-analysis: Procalcitonin-guided algorithms vs. Routine practice

Total duration of . . . . ..
Study (reference) antibiotic treatment, I&engtkﬁ/[of ICISJ Stay, Lteng;rih of l;g[splta(lSD) ICU mortality, n (%) H(()‘;p)ltal mortality, 28(;;12)1y mortality, Rez:[:)of clinical cure,
days, Mean (SD) ays, Mean (SD) stay, days, Mean n (% n (% n (%
S[‘Z’ggmda NA 16.146.9 vs. 19.448.9 NA NA NA 10(26%) vs. 13(38%) NA
Nobre . 17(3-96) vs. 23.5(5- 9(23.1%) vs. ) . 31(79.4%) vs.
[19] NA 4(1-21) vs. 7(1-91) 44y NA 9(22.5%) 8(20.5%) vs. 8(20%) 32(80%)
Schroeder 3(21.4%) vs.
[20] 6.6+1.1 vs. 8.3+0.7 |16.448.3 vs. 16.7+5.6 NA NA 3(23.1%) NA NA
Hochreiter 15.5£12.5vs. 15(26.3%)vs.
[14] 5.9+1.7 vs. 7.9+0.5 17.7410.1 NA NA 14(26.4%) NA NA
Bouadma 15.9+16.1vs. 26.1+£19.3 vs. 65(21.2%) vs.
[12] 10.3+7.7 vs. 13.3£7.6 144141 264183 NA NA 64(20.4%) NA
Layios . 56(21.7%)vs.
[16] NA 7(4-16) vs. 7(4-18) NA 53(21.1%) NA NA
Liu BH 6(14.3%) vs. 33(78.5%)vs.
[17] 8.1£0.3 vs. 9.3+0.3 12.0£2.9 vs. 14.0£2.7 |27.0+4.9 vs. 32.0+£5.4 [NA NA 5(12.5%) 34(85%)
]?le;‘]bera“’ 10(3-39) vs. 11(2-45)* 3.5(1-57) vs. 3(1-28)* 223);547) VS0 4%) vs. 4(10.3%) 2(4.8%) vs.4(10.3%) NA NA
Annane 5(2-5)vs. 535y 22842 vs. 23(10- 270-49) vs. 3311405000 0 10(33%)  7(23%) vs.10033%) | NA NA
[10] 60)° 69)°
Naiafi 27(90%)vs.
[1;3] 128 vs. 320 4(2-20) vs. 6(2-28)" | 20(8-44) vs. 22(6-65)* NA 5(16.6%) vs.4(13.3%) NA 26(86.6%)
Shehabi . v » e | 15(9-29)vs. 17(10~ o o 30 (16%) vs. 26
1] 9(6-20) vs. 11(6-22)* 6(3-9.5) vs. 6(4-10y | 33 20(11%)vs. 1568%) 5,0 NA NA
Jong } e . 1y 22(13-39.3) vs. 149(19.6%) vs.
5] S(3-9)vs. 7411 85(5-17) vs. 917 55 170 NA NA 196(25.0%) NA
Bloos | 129(18-46)vs. 26(16- 140(25.6%)vs.
(1] NA 12(6-24)vs. 11(6-21) 44y NA NA 149(28.2%) NA
Study (reference) Annane [10] Bloos [11] Bouadma [12] Deliberato [13] Hochreiter [14] Jong [15]

Bias component
Sequence generation and

Randomised ina 1:1
ratio according to a
computer-generated
list. Randomisation
was centralised through
a secured website

and performed by an

An allocation ratio of
1:1 by use of a central
randomization web
server, Randomization

Independent, centralised,
computer-generated
randomisation sequence
was used to randomly
assign patients ina 1:1

2 of the authors

would randomly draw 1
folder from a black box
containing 100 folders

Patients were randomly
assigned to either a PCT-
guided or control group

Randomised ina 1:1
ratio according to a
computer-generated
list. Randomisation was

nurses, investigators,
study coordinators,

the statistician and the
sponsor remained blinded
to PCT levels throughout
the study.

were not masked, all
investigators were
unaware of aggregate
outcomes during the
study.

allocation concealment  |independent statistician, |was stratified by study  |ratiolPatients were e , without further reported . R
. . . . (50 “PCT group” and 50 . stratified according to
and was stratified by centre, sex, and sepsis stratified by centre with |, It details
. . . control group”). treatment centre
the centre and according | severity. random block sizes of 2,
to whether patients 4, or 6;
underwent surgery in the
past 48 h.
Using permutation
blocks, the size of which Investigators were
remained unknown masked
to the investigators. to assignment before, but
In the control arm, not after, randomisation,
L atients, physicians. treatment assignments
Blinding P > Phy ? No & No No No

Incomplete outcome data

3 patients withdrew
informed consent, 1

from PCT-Group,2 from
Control-Group

Almost 1 every 5
screened patients were
excluded from the study

2 patients withdrew
informed consent,1 from
each group

No patient was lost to
follow-up

Almost 1 every 4
screened patients were
excluded from the study

29 patients withdrew
from the study,15 from
PCT-group,14 from
control-group.

Selective outcome
reporting

Extensive reporting

Extensive reporting

Extensive reporting

Extensive reporting

Limited reporting

Extensive reporting

Other sources of bias

In control-group, the
physicians were free to
decide to continue ~ or

No data on adequacy of
antimicrobial therapy

In control group,
investigators were free
to decide the optimum
duration of antibiotic

not all attending
physicians agreed to

No data on adequacy of
antimicrobial therapy

It is unclear if there was
crossover between the

change the antibiotics on treatment based on their | participate. two groups
clinical judgment own assessment of the
infection’s clinical course,
Quality score High High High High Low High

ICU, intensive care unit; NA, not available/applicable; “These values are referred to median (range) instead of mean(SD).
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Table 3. Assessment of the methodologic aspects of the included studies

Layios Liu BH Najafi Nobre
[16] [17] [18] [19]

The randomization

was performed using a
computer-based random
number generation.
Allocation was issued
using opaque, sealed,

Patients were randomly
assigned to either a
PCT-guided or control
group antibiotic regimen
without further reported

Randomly divided into
Randomised in a 1:1 ratio two groups by computer
according to a computer- based
generated list. random number
generation,

details numbered
envelopes.

Physician was blinded to

PCT result, CT results in

the control group were No Single-blind without No

eventually further reported details
unblinded for the

statistical analysis

12 patients withdrew
from the study,8 from
PCT-group,3 from
control-group.

No patient was lost to
follow-up

No patient was lost to
follow-up

No patient was lost to
follow-up
Limited reporting

Limited reporting Limited reporting

Extensive reporting

Schroeder Shehabi Svoboda

[20] [21] [22]

The randomization was
performed by means of
a computer generated
random number table

to generate a random
treatment list, treatment
regimens were included
in opaque sealed
numbered envelopes and
envelope with the lowest
number was always used
for consecutive patients

variable block
randomized
Patients were randomly | 1:1 via a secured central
assigned to either a PCT- |study website into either
group or a control group |a PCT group) or control
without further reported | group. Randomization
details was stratified according
to the presence of septic
shock

In control group,
clinicians were blinded
to the PCT levels, and
No results were faxed No
directly to the Clinical
Informatics and Data
Management Unit.
6 patients withdrew from
the study,4 from PCT-
group,2 from control-
group.
Extensive reporting

Almost 1 every 6
screened patients were
excluded from the study

Almost 1 every 5
screened patients were
excluded from the study

Limited reporting Limited reporting

"Algorithm overruling"

No serial determinations
of PCT throughout the
antibiotic course were

In control-group,the
physicians were free to

No data on adequacy of . .
quacy decide to continue or

in the PCT group
occurred in 6 of 31
(19%), The study

Physician in charge was
always free to decide to
continue or change the

Treating clinicians could

. It is unclear if there was
overrule the algorithm as

crossover between the

. timi ial th i tigat id not . linicall
programmed upfront in antimicrobial therapy change the antibiotics on ivestigators did no antibiotic regimen upon clmically two groups
the design of the stud their own empiric interfere with the clinical judgement indicated.
g vy W P duration of antibiotic Judg ’
therapy in control-group
Low Low High High Low High Low

of high quality [10-13,15,18-19,21] and five of low quality [14,16-
17,20,22].

Evidence synthesis

The total duration of antibiotic therapy

Eight RCTs (10, 12-15, 17, 20-21) in this Meta-analysis provided
data on the duration of antibiotic therapy. Significant heterogeneity
could be detected between these studies (Tau?=0.47; Chi’=182.58,
df=7; P<0.00001; I>°=96%). The combined estimate for the duration
of antibiotic therapy based on the random-effects model showed
statistically significant difference between the PCT and the routine
practice group (2919 patients; REM; MD=-1.60; 95%CI, -2.14 to -1.06;
7=5.79; P<0.00001) [Figure 2].

The subgroup analysis between the developed countries(10, 12,
14-15, 20-21) and the developing countries(13, 17) showed that the
duration of antibiotic therapy had significant difference both in the
developed countries(2756 patients; REM; MD=-1.72; 95%ClI, -2.52 to
-0.93; Z=4.27; P<0.00001) and the developing countries(163patients;
REM; MD=-1.20; 95%ClI, -1.33 to -1.07; Z=18.11; P<0.00001).

Sensitivity analysis including only the highest quality studies (10,
12-13, 15, 21) led to similar findings (2700 patients; REM; MD=-1.65;
95%CI, -2.78 to -0.51; Z=2.85; P=0.004).

Length of intensive care unit stay

Thirteen RCT's [10-22] in this Meta-analysis provided data on the
length of ICU stay. Significant heterogeneity could be detected between
these studies (Tau?=0.37; Chi*=75.61, df=12; P<0.00001; I>=84%). The
combined estimate for the length of ICU stay based on the random-
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effects model showed no statistically significant difference between the
PCT and the routine practice group (4728 patients; REM; MD=-0.23;
95%CI, -0.76 to 0.31; Z=0.83; P=0.41) [Figure 3].

The subgroup analysis between the developed countries(10-12,
14-16, 19-21) and the developing countries [13,17,18,22] showed that
the length of ICU stay had significant difference in the developing
countries(295 patients; REM; MD=-1.98; 95%CI, -3.02 to -0.94;
7Z=3.73 P=0.0002) ,but no significant difference in the developed
countries(4433patients; REM; MD=0.11; 95%CI, -0.44 to 0.65; Z=0.39;
P=0.70).

Sensitivity analysis including only the highest quality studies (10-
13,15, 18-19, 21) led to similar findings (3928 patients; REM; MD=0.10;
95%CI, -0.58 to 0.78; Z=0.29; P=0.77).

Length of hospital stay

Nine RCTs (10-13, 15, 17-19, 21) in this Meta-analysis provided
data on the length of hospital stay. Significant heterogeneity could
be detected between these studies (Tau?=5.83; Chi’*=162.36, df=8;
P<0.00001; I’=95%). The combined estimate for the length of hospital
stay based on the random-effects model showed no statistically significant
difference between the PCT and the routine practice group (4010 patients;
REM; MD=-1.43; 95%CI, -3.45 to 0.59; Z=1.39; P=0.17) [Figure 4].

The subgroup analysis between the developed countries(10-12, 15,
19,21) and the developing countries [13,17,18] showed that the length of
hospital stay had significant difference in the developing countries(223
patients; REM; MD=-4.65; 95%CI, -6.75 to -2.55; Z=4.33; P<0.00001)
,but no significant difference in the developed countries(3787 patients;
REM; MD=-0.66; 95%ClI, -2.85 to 1.54; Z=0.59; P=0.56).
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Figure 2. The duration of antibiotic therapy, days. forest plot showing the comparison of PCT-guided algorithms vs. routine practice. The size of each square represents the proportion of
information provided by each study. The vertical line depicts the point of “no difference” between the two groups, and the horizontal lines correspond to the 95% confidence intervals (CIs).

Diamonds represent the mean difference (MD) for all studies.
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Figure 3. The length of ICU stay. forest plot showing the comparison of PCT-guided algorithms vs. routine practice. The size of each square represents the proportion of information
provided by each study. The vertical line depicts the point of “no difference” between the two groups, and the horizontal lines correspond to the 95% confidence intervals (Cls). Diamonds

represent the mean difference (MD) for all studies.

Sensitivity analysis including only the highest quality studies [10-
19, 21] led to similar findings (3928 patients; REM; MD=-0.75; 95%CI,
-2.84 to 1.35; Z=0.70; P=0.49).

28-day mortality

Six RCTs [11,12,15,17,19,22] in this Meta-analysis provided data
on the 28-day mortality. No significant heterogeneity could be detected
between these studies (Chi?=3.92, df=5; P=0.56; 1>’=0%). The combined
estimate for the 28-day mortality based on the fixed-effects model
showed statistically significant difference between the PCT and the
routine practice group (3476 patients; FEM; MD=0.86; 95%ClI, 0.76 to
0.97; Z=2.39; P=0.02) [Figure 5].
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The subgroup analysis between the developed countries
[11,12,15,19] and the developing countries [17,22] showed that
the 28-day mortality had significant difference in the developed
countries (3322 patients; FEM; MD=0.87; 95%CI, 0.76 to 0.98;
7Z=2.29; P=0.02) , but no significant difference in the developing
countries(154 patients; FEM; MD=0.81; 95%CI, 0.45 to 1.45;
7=0.70; P=0.48).

Sensitivity analysis including only the highest quality studies
[11,12,15,19] led to similar findings (3322 patients; FEM; MD=0.87;
95%CI, 0.76 to 0.98; Z=2.29; P=0.02).
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Figure 4. The length of hospital stay. forest plot showing the comparison of PCT-guided algorithms vs. routine practice. The size of each square represents the proportion of information
provided by each study. The vertical line depicts the point of “no difference” between the two groups, and the horizontal lines correspond to the 95% confidence intervals (CIs). Diamonds

represent the mean difference (MD) for all studies.
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Figure 5. 28-day mortality. forest plot showing the comparison of PCT-guided algorithms vs. routine practice. The size of each square represents the proportion of information provided by
each study. The vertical line depicts the point of “no difference” between the two groups, and the horizontal lines correspond to the 95% confidence intervals (Cls). Diamonds represent the

mean difference (MD) for all studies.

ICU mortality

Four RCTs [10,13,16,21] in this Meta-analysis provided data on the
ICU mortality. No significant heterogeneity could be detected between
these studies (Chi’=3.80, df=3; P=0.28; 1>)=21%). The combined
estimate for the ICU mortality based on the fixed-effects model showed
no statistically significant difference between the PCT and the routine
practice group (1045 patients; FEM; MD=1.01; 95%CI, 0.77 to 1.33;
7Z=0.10; P=0.92) [Figure 6].

The subgroup analysis between the developed countries [10,16,21]
and the developing countries [13] showed that the ICU mortality had
no significant difference in the developed countries (964 patients; FEM;
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MD=1.06; 95%ClI, 0.80 to 1.39; Z=0.39; P=0.70). There was only one
study in the developing countries

Sensitivity analysis including only the highest quality studies
[10,13,21] led to similar findings (536 patients; FEM; MD=0.99; 95%CI,
0.62 to 1.59; Z=0.04; P=0.97).

In hospital mortality

Seven RCTs [10,13,14,18-21] in this Meta-analysis provided data
on the in-hospital mortality. No significant heterogeneity could be
detected between these studies (Chi*>=2.50, df=6; P=0.87; 1>)=0%). The
combined estimate for the in-hospital mortality based on the fixed-
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Figure 6. ICU mortality. forest plot showing the comparison of PCT-guided algorithms vs. routine practice. The size of each square represents the proportion of information provided by
each study. The vertical line depicts the point of “no difference” between the two groups, and the horizontal lines correspond to the 95% confidence intervals (Cls). Diamonds represent the

mean difference (MD) for all studies.

effects model showed no statistically significant difference between the
PCT and the routine practice group (1096 patients; FEM; MD=1.05;
95%CI, 0.80 to 1.38; Z=0.34; P=0.73) [Figure 7].

The subgroup analysis between the developed countries [10,14,19-
21] and the developing countries [13,18] showed that the in hospital
mortality had no significant difference both in the developed countries
(955 patients; FEM; MD=1.07; 95%CI, 0.80 to 1.43; Z=0.47; P=0.64)
and the developing countries (141 patients; FEM; MD=0.85; 95%CI,
0.33 to 2.20; Z=0.34; P=0.74).

Sensitivity analysis including only the highest quality studies (10,
13, 18-19, 21) led to similar findings (675 patients; FEM; MD=1.00;
95%ClI, 0.74 to 1.41; Z=0.00; P=1.00).

The rates of clinical cure

Three RCTs (17-19) in this Meta-analysis provided data on the
clinical cure. No significant heterogeneity could be detected between
these studies (Chi?=0.71, df=2; P=0.70; >’=0%). The combined estimate
for the rates of clinical cure based on the fixed-effects model showed
no statistically significant difference between the PCT and the routine
practice group (221 patients; FEM; MD=0.98; 95%CI, 0.87 to 1.10;
Z=0.33; P=0.74) [Figure 8].

The subgroup analysis between the developed countries [19] and
the developing countries [17-18] showed that the rates of clinical cure
had no significant difference in the developing countries (142 patients;
FEM; MD=0.97; 95%CI, 0.85 to 1.12; Z=0.38; P=0.70). There was only
one study in the developed countries.

Sensitivity analysis including only the highest quality studies [18-
19] led to similar findings (139 patients; FEM; MD=1.01; 95%CI, 0.88
to 1.17; Z=0.18; P=0.85).

Publication bias

Thirteen studies [10-22] were included in this Meta-analysis.
Assessment of publication bias using a funnel plot was presented in
[Figure 9].
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Discussion

Our Meta-analysis included thirteen randomized controlled
studies involving 4728 ICU septic patients. By synthesizing data from
these studies, we found that PCT-guided algorithm decreased the
total duration of antibiotic therapy which is in accordance with the
former studies [23-25]. Furthermore, we also found that PCT-guided
algorithm reduced the 28-day mortality of septic patients in ICU,
which is different from the former studies [26-27]. These results were
also retained in the sensitivity analysis. As antibiotic consumption and
acquired antimicrobial resistance had been shown to be associated
with increased mortality and health care costs [28], clinicians may be
encouraged to tailor the antibiotic therapy of septic patients in ICU
according to the guidance of PCT, rather than the empiric rules.

However, our findings do not show a significant difference between
the PCT-guided algorithm and the routine practice regarding the length
of ICU or hospital stay, respectively. Besides, the ICU mortality, in
hospital mortality and rates of clinical cure were not different between
the PCU-guided group and the routine practice group, which is in
accordance with the research of Christ Crain, et al. [29]. This finding
provides some reassurance that PCT-guided therapy is safe and will not
compromise the septic patients’ clinical outcomes [30].

All studies in our Meta-analysis come from ten different countries.
The developed countries include Switzerland, Germany, France,
Belgium, Australian, Netherlands, the developing countries include
Czech Republic, China, Brazil, Iran. The main finding of the subgroup
showed that in the developed countries, The PCT-guided algorithm
could decrease the total duration of antibiotic therapy and reduce the
28-day mortality of septic patients in ICU. While, in the developing
countries, the PCT-guided algorithm could decrease the total duration
of antibiotic therapy, the length of ICU and the length of hospital stay
without reducing the 28-day mortality. Both in the developed countries
and the developing countries, the PCT-guided algorithm may not
improve the ICU mortality, the in hospital mortality and the rates of
clinical cure.

This Meta-analysis has several limitations. First, not all included
studies provided data on all outcomes. Second, the PCT-guided
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Figure 7. In hospital mortality. forest plot showing the comparison of PCT-guided algorithms vs. routine practice. The size of each square represents the proportion of information provided
by each study. The vertical line depicts the point of “no difference” between the two groups, and the horizontal lines correspond to the 95% confidence intervals (CIs). Diamonds represent
the mean difference (MD) for all studies.
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Figure 8. The rates of clinical cure. forest plot showing the comparison of PCT-guided algorithms vs. routine practice. The size of each square represents the proportion of information
provided by each study. The vertical line depicts the point of “no difference” between the two groups, and the horizontal lines correspond to the 95% confidence intervals (Cls). Diamonds
represent the mean difference (MD) for all studies.

)

algorithms were very heterogeneous as far as the level of PCT chosen to

[ = |
@
(o]

(o]

[od

References

(e}
[ s |

10

-8

=k
o

Subgroups
|6 Developed country

<> Developing country

make antibiotic therapy. Third, studies included in our Meta-analysis
varied in study design and objectives.

In conclusion, the present available evidence seems to suggest
that the implementation of PCT-guided algorithms for the antibiotic
therapy of septic patients in ICU is associated with reduced the total
antibiotic exposure and the 28-day mortality without the length of
ICU and hospital stay, ICU mortality, in hospital mortality and rates
of clinical cure. Further research is still necessary before the wide
adoption of this strategy.
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