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Abstract

Introduction
The aim of this study was to determine whether using pharmaaody-based dosing

antimicrobials such as extended/continuous infusions in criticallyatilents is associats
with improved outcomes as compared to traditional dosing methods

Methods

We searched Medline, HealthStar, EMBASE, Cochrane Clinical TriasRggand CINAHL

from inception to September 2013 without language restrictions for studies cogrparuse

of extended/continuous infusions to traditional dosing. Two authors independelettyed
studies, extracted data on methodology and outcomes, and performed gssdisgmen

Df
bd

Meta-analyses were performed using random-effects models.




Results

Of 1319 citations, 13 randomized controlled trials (RCTs) (n = 782npstiand 13 cohoft
studies (n = 2117 patients) met the inclusion criteria. Comparedatbtiadnal non-
pharmacodynamic-based dosing, RCTs of continuous/extended infusionsicaiglyif
reduced clinical failure rates (relative risk (RR) 0.68, 95% idente interval (Cl) 0.49 to
0.94,P = 0.02) and intensive care unit length of stay (mean differehde 95% CI -2.8 tp
—0.2 daysP = 0.02), but not mortality (RR 0.87, 95% CI 0.64 to 1R %; 0.38). There was
no significant between-trial heterogeneity for these anslgée= 0%). Reduced mortality
rates almost achieved statistical significance whendkelts of all included studies (RC[Ts
and cohort studies) were pooled (RR 0.83, 95% CI1 0.69 to R.6@.054).

Conclusions

Pooled results from small RCTs suggest reduced clinical éaiates and intensive care ynit
length-of-stay when using continuous/extended infusions of antibiaticsritically ill
patients. Reduced mortality rates almost achieved statisiggaficance when the results |of
RCTs were combined with cohort studies. These results suppororleat of adequately
powered RCTs to better define the utility of continuous/extended infusiotise era of
antibiotic resistance.

Introduction

Optimal use of antimicrobials is crucial in the criticalecaetting, especially in an era of
rising antibiotic resistance and lack of new antimicrobialettgyment [1]. There is growing
interest in alternative antimicrobial dosing strategies thrat lzetter aligned with the
antimicrobial’'s pharmacodynamic properties, and the potential ofapipsoach to improve
patient outcomes [2]. Given the highly variable and often unknown pharmatioki of
antimicrobials in critically ill patients as compared to othespitalized patients, alignment
with the pharmacodynamics(PD) of the antimicrobials is evenemaorportant [3].
Antimicrobial pharmacodynamics refer to the effects of a drugnicroorganisms in relation
to the drug’s concentration within the body (i.e. pharmacokinetics, PG1€).PD of beta-
lactam antimicrobials (e.g. penicillins, cephalosporins, and carbapnare termed time-
dependent as their effects are best correlated with the anobuimthe that the serum
concentrations of the antimicrobial are above the minimum inhibttmngentration (MIC) of
the microorganism. Other antibiotics such as fluoroquinolones and aytoeigles have PD
properties termed concentration-dependent killing given that tHertefcorrelate best with
peak concentration/MIC ratio and/or area under the concentration-time/MIC ratio [3].
To maximize microorganism eradication, several dosing methodoldlgasexploit the
antimicrobial PD properties have been investigated. These include sulation of time-
dependent antimicrobials via extended (e.g. over 3—4 hours) or continuous infigsion
compared to traditional intermittent infusions (e.g. over 30 minutesliering doses based
on both patient-specific pharmacokinetic parameters and the MIC t#rthet organism (also
known as dual individualization) [3,4].

Unless clinical benefits are compelling, widespread clinical apicaf pharmacodynamics
based dosing (PDD) is unlikely given the multitude of barrierega tmplementation. These
barriers include: 1) identification of the types of patients Wauld benefit the most, with the
critically ill patient population being the most obvious choice gitreir heightened risk of



infectious-related morbidity and mortality and rising resiséa 2) requirement of significant
practice changes in microbiology, such as routine MIC deteribmaising more accurate
non-automated techniques, 3) better defined pharmacokinetics of aokimaisnin patients in
the intensive care unit (ICU) with varying degrees of renal apdtleedysfunction as well as
the extent of medication removal by a variety of renal reptace therapies, and 4) methods
to manage the need of a dedicated intravenous line for administrati@n
continuous/extended infusions. To justify such changes, results of iypimnducted and
adequately powered RCTs in a population most likely to benefit (E\d. datients) are
needed, the design of which should be informed by comprehensive sisteaview of
current evidence. Previous systematic reviews that included buitalty-ill and non-
critically-ill patient populations have provided inconsistent tssfi-7]. Therefore to better
define the current state of knowledge on this important topic and toeupdatiously
reported systematic reviews, we conducted a systematic reniéwneta-analysis comparing
PD antimicrobial dosing to traditional non-PDD on clinical outcomesrtgatity, clinical
failure rates, and length-of-stay [LOS]) focusing on crilycal patients. We included both
randomized and cohort studies but emphasized the results of the iRtB&snterpretation of
the results.

Materials and methods

Data sources

With the assistance of a librarian, we systematically cbear MEDLINE, HealthStar,
EMBASE, Cochrane Clinical Trials Registry, and CINAHL etenically from inception
(1948, 1967, 1874, 1966, and 1981, respectively) to September 24, 2013 using the following
keywords: critical care, critical illness, intensive care ,usitecific names of antibacterial
agents, pharmacokinetic, pharmacodynamic, extended infusion, continuous infusgn, dr
administration, dual individualization. Terms were “exploded” and combinied Bolean
operators where appropriate [Additional file 1]. No language ctisins were applied.
Reference lists of selected articles and personal files were alehiee for relevant citations.

Study selection

Inclusion criteria for this meta-analysis were as follow:adult (> 16 years) critically ill
patients, 2) intervention that compared PDD to aid in the determinatiantibiotic dosage
(i.e. extended infusions, continuous infusions, clinical pathway, and dualduadiiation
principle) to a control group that did not utilize such dosing egfas using either a
randomized or non-randomized study design, 3) reporting of any patigcdmes (e.g.
mortality, length of stay, clinical failure), 4) any antitex@l whose PD associated with
optimal killing is proportion of time during dosing interval that is abtive MIC of the
pathogenic organism. Studies were excluded if 1) < 50% of patienésagaritted to an ICU
defined by authors, 2) < 50% adult patients, 3) only Monte Carlo sioulat mathematical
modeling data included, 4) no clinical outcomes reported, 5) data publishgdaordn
abstract, or 6) different antibiotics were used in the controliattion groups. Citations
were screened in duplicate from the initial results of the search strabdgyfull text review,
also in duplicate, was performed to determine eligibility whdreescreening reviewer felt a
citation potentially met inclusion criteria. Disagreemenggmrding inclusion were reconciled
via consensus.



Data extraction

A standardized data abstraction form was designed prior to the condtiod dferature
search. Two reviewers [CC, JF] independently abstracted data ifroleded studies,
including data on the publication (i.e. year, author, and country), type of p@&tient
population, study design, interventions used (i.e. antibiotic used, method of)dcand
outcomes (i.e. mortality, ICU and hospital LOS, clinical faillages). No data on harm (e.g.
superinfection, resistance rates) were extracted becauséevesjudies reported such data.
Risk of bias in RCTs (including blinding of participants, method glisace generation and
allocation concealment, intention-to-treat analysis, early st@dping for efficacy before the
planned enrollment was completed, and loss to follow up) and cohort s{uttksling
retrospective vs prospective data collection, concurrent vs hidtooiceols, and comparable
baseline characteristics of cases and controls) were a$setisalisagreements resolved by
consensus.

Data analysis

Our primary outcome was all-cause mortality in patients whiofgetions were managed
with PDD (intervention group) as compared to those whose infeciiens managed by
antibiotic dosing that did not incorporate both pharmacodynamic and plokimete
information (control group). Mortality was determined at ICU disghahospital discharge,
90, 60, 30 or 28, or 14 days after study enrolment (in descending afrgeeference).
Secondary outcomes were ICU and hospital LOS, and clinical failure asddeyimedividual
study authors (e.g. lack of clinical cure or improvement). Separadlyses were performed
using lack of clinical cure alone. Only RCTs were included inptiary analysis and pre-
specified subgroup analyses were: 1) by type of study (C4. &d cohort studies), 2) by
antibiotic type (e.g. beta-lactam alone, carbapenem alone, lospban alone,
piperacillin/tazobactam alone, others), and 3) by intervention (itenéed infusions and
continuous infusions). All analysis were performed using Review Mar{RgmMan version
5.2; Cochrane Collaboration, Oxford, United Kingdom) and random effects matall
incorporate between-trial heterogeneity and give wider and mmmservative confidence
intervals (CI) when heterogeneity is present [8]. We asdedtatistical heterogeneity among
trials usingl?, defined as the percentage of total variability across studigsutable to
heterogeneity rather than chance, and used published guidelines ff l®5% to 49%),
moderate I = 50% to 74%) and high%> 75%) heterogeneity [9]. Relative risks (RR) were
used to pool binary mortality and clinical failure data and wegjhtean differences (MD) to
pool continuous LOS data. Ranges [10] and interquartile ranges [I&] coaverted to
standard deviations using previously published methods where necessdeyenods
between pooled RR were evaluated using z tests. We consideredidesd p< 0.05 as
significant and reported individual trial and summary results with 88Btidence intervals.
To assess for publication bias, we visually examined a funnel @igparing effect measure
for the primary outcome of mortality to study precision for evidence of asynijpme

Results

Study selection

In total 26 studies were included in this meta-analysis [12-37].ifitkal search strategy
resulted in 1319 citations, of which 69 were retrieved for full aaed 21 met all inclusion



criteria and no exclusion criteria [12-28,34-37]. Review of refererste ¢f the selected
studies, other systematic reviews, [5-7] and personal filestedsii 5 additional studies
being included [29-33] (Figure 1). The majority of studies werdueed during initial
screening because they were Monte Carlo simulation studiedidhatt involve patients, or
were studies that did not involve PDD. The 48 studies were excludedidf review for the
following reasons: lack of control group or clinical outcomes [38-64], distussing
pharmacodynamic-based dosing [65-74], Monte Carlo simulations or mettbelhmodeling
[75-81], duplicate publications [82,83], and review articles [84,85].

Figure 1 Flow chart of study selection.

Description of included studies

The characteristics of the studies included in the meta-analysidescribed in Table 1. The
included studies are international (Europe = 10, USA = 11, AsiaAugralia = 2) with a
variety of ICU patients (e.g. medical, surgical, traumaxeal) mainly diagnosed with
pneumonia (n = 12). Most studies involved single antibiotic (n = 22), a&ypiwith beta-
lactam (n = 13) or carbapenem class (n = 6) or both (n = 4). Mgdbged either continuous
(n = 16) or extended (n = 8) infusion interventions, while one was aallipathway
designed using local antibiogram and MIC information and anotherg usinal
individualization principle. Thirteen studies were RCTs, and 13 weretcstualies, of which
4 were prospective and 9 retrospective. All but 2 of the RCTs amnditall of the non RCTs
were single centre. Sample size ranged from 16 to 240 patieriteef®CTs and 32 to 359
for the cohort studies. For the 13 RCTs, only one had the participintied to study
interventions, while 6 reported allocation concealment and 4 speciaednhlysis was by
intention-to-treat. Only 3 of the RCTs specifically reported kbstes to follow up were <5%
of randomized patients. For the cohort studies, only 4 of the 13 were prospaed 6
studies employed concurrent control groups. Details regarding mesgssf bias amongst
individual studies are outlined in Tables 2 and 3.



Table 1 Characteristics of selected studies for meta-analysis

Author (Year) Country  Type of  Study Infection lliness Acuity Study Antibiotic Control Group Intervention Group
ICU® Design APACHE Il SAPS I
Randomized Controlled Trials
Georges (1999) France NR RCT Pneumonia or bacteremia a7 Cefepime 2gq9l2h 4 g/d as Cl
[12] with gram negative bacilli
Hanes (2000) USA[13] T RCT Nosocomial pneumonia 12 Ceftazidime 2 g g8h (0.5 h infusion) LD = 2 g4 infusion), then 60
mg/kg/day as Cl
Nicolau (2001) USA [14] MS, N RCT VAP 15 Ceftaziak 2 g g8h (0.5 h infusion) No LD 3 g over 24 ICas
Wysocki (2001) France MS RCT Any methicillin-resistant ** Vancomycin 15 mg/kg q12h (1 h infusior)D = 15 mg/kg over 1 h, then 30
[15] Staphylococcal infections mg/kg as Cl
Bujik (2002) Netherlands S RCT Severe intra-abdominal 15 Ceftazidime 1.5 g tid (20 min infusion) LD glover 20 min, then 4.5 g/d as
[16] (partial) infection Cl
Georges (2005) France M, T RCT Nosocomial pneumonia or 45 Cefepime 2 g gl12h (0.5 hinfusion) No LD; 4ig C
[17] bacteremia
Rafati (2006) Iran [18] General RCT Sepsis from aayrce 15 Piperacillin alone 3 g g6h (0.5 h iidms LD =2 gover 0.5 h, then 8 g/24 h as
Cl
Roberts (2007) Australia General RCT Sepsis from any source 18 Ceftriaxone LD =500 mg, then 2 g g24h LD =500 mg, then 2 diZ& ClI
[19]
Sakka (2007) Germany NR RCT Nosocomial pneumonia 27 44 Imipenem 1 g(@8hmin infusion) LD =1 g over 40 min, then 2 gi¥4
[20] as ClI for 3 days, then 1 g q8h over 40
min
Adembri (2008) ltaly [21] M, T RCT Sepsis Glycopielet 45 Linezolid 600 mg g12h (0.5 h infusion) LD 30@,iday 1: 900 mg ClI, Day 2
resistant or failure onward: 1200 mg ClI
Wang (2009) China [32] NR RCT Acinetobacter pneuiaon 19 Meropenem 1 g q8h (1 h infusion) 500 mg @613 h El
Chytra (2012) Czech [22] M RCT Severe infectiomirany 22 Meropenem 2 g q8h (0.5 h infusion) LD = 2 grd¥® h, then 4 g/d as Cl
source
Dulhunty (2012) AustraliaNR RCT Severe sepsis 22 Ticarcillin/clavulanase determined by MD Dose determined by MD
[29] piperacillin/tazobactanAll as intermittent infusion ~ All as ClI
or meropenem
Cohort Studies
Schentag (1984) USA [23NR Cohort Gram-negative nosocomial  NR Cefmenoxime Fixed dose 1-2 g g6-8 h Integratibpatient-specific PCK
pneumonia with bacteria-specific killing kinetics
(doses ranged from 0.5 g q8hto 2 g
q4h)
Lorente (2006) Spain [24] MS Cohort VAP with graepative 15 Meropenem 1 g g6h (0.5 h infusion) LD =1 grd¥& h, then 1 g g6h as

bacilli

Cl




Itabashi (2007) Japan [33] NR Cohort  Gram- pneumoni NR Meropenem 500 mg q12h (0.5-1 h 500 mg ql2 as 4 h El

infusion)
Lodise (2007) USA[25] NR Cohort Pseudomonal irfett of 16 Piperacilin/tazobactam 3.375gqg4 or6 h 3@48h as 4 hEl
any source
Lorente (2007) Spain [26] MS Cohort VAP with grasgative 16 Ceftazidime 2 g g12h (0.5 hinfusion) LD = twgr 0.5 h, then 2 g g12h as
bacilli Cl
Lorente (2009) Spain [31] MS Cohort VAP with graggative 16 Piperacillin/tazobactam.5 g q6h (0.5 h infusion) LD = 4.5 g over 0.5Hen 4.5 g g6h
bacilli as Cl
Nicasio (2010) USA [27] MS, N Cohort VAP 19 Cefiemd, or MD discretion (0.5 h VAP pathway derived by local MICs
meropenem infusions)* and PD analysis using Monte Carlo
simulations (3 h infusions)
Dow (2011) USA [30] MS Cohort  Any infection excepF 25 Piperacillin/tazobactarP/T 3.375 g q6h or P/T 3.375 g g8h as 4 h EI, Meroper
or meropenem Meropenem 500 mg g6h (0.500 mg g6h as 3 h El
h infusions)
Yost (2011) USA [28] NR Cohort Any gram negativéeittion  ~14*** Piperacillin/tazobactanVariable non-extended 3.375gq8has 4 h El
infusions of
piperacillin/tazobactam,
cefepime, ceftazidime,
imipenem, meropenem,
doripenem
Akers (2012) USA [34] Burn Cohort  Gram positive tememia NR Vancomycin 1 g q8h (dose adjustment g as Cl (dose adjustment to achieve
achieve trough levels 15-20steady-state levels 20—2§/mL)
ng/mL)
Lee (2012) USA [35] NR Cohort Gram negative infent NR**** Piperacillin/tazobactan2.25-4.5 g q6-8 h (0.5 h 3.375gq8has 4 h El
infusion)
Arnold (2013) USA [36] NR Cohort Gram negative ictiens 20 Cefepime, meropenef@gefepime 2 g q8h, Same dose/medications as 3 h
or meropenem 1 g g8h, infusions
piperacillin/tazobactanpiperacillin-tazobactam 4.5 g
g6h (0.5 h infusions)q6éh (0.5
h infusions)
Hsaiky (2013) USA[37] NR Cohort Gram negative oifens 16 Doripenem 0.5 g g8h (1 h infusion) 048 (4 h infusion)

™ = Mixed, MS = Medical Surgical, T = Trauma, C ®©nary, CV = Cardiovascular, N = neurosurgical, &Rot reported.

*Piperacillin/tazobactam used as 24 h infusionsantrol group and not used in the intervention grou

** only mean SAPS score [86] equal to 14 provided.

*** only midpoint of range provided.

**** median SOFA [87] score of 9.

APACHE Il, mean or median acute physiology and olrdnealth evaluation Il score of enrolled patidB]; Cl = Continuous infusion, El = extended isifon, LD = loading dose, MIC
= minimum inhibitory concentration, PD = pharmacodmic, PCK = pharmacokinetic, RCT = randomized et trial, SAPS II, mean or median simplifieduge physiology score ||
score of enrolled patients [89], SOFA, sequentigha failure assessment score [87], VAP = ventilasgsociated pneumonia.



Table 2 Quality assessment of included randomized controlled trials

Author (Year) Country  # of # Blinding Concealed Allocation Intention to treat Stopped early  Post Randomization Withdrawal
Centers patients Analysis for benefit

Georges (1999) France [12] 18 N NR NR N NR

Hanes (2000) USA [13] 1 32 N NR NR N Y (1 from eagbup)

Nicolau (2001) USA[14] 1 41 N NR NR N Y (5 from @toup and 1 from control group)

Wysocki (2001) France 10 160 N Y (consecutive sealed opacY N Y (15 from CI and 26 from control group)

[15] envelopes)

Bujik (2002) Netherlands 1 18 N NR NR N NR

[16]*

Georges (2005) France [1%] 50 N NR NR N NR

Rafati (2006) Iran [18] 1 40 N NR NR N NR

Roberts (2007) Australia 1 57 N Y (sequential opaque sealed N N

[19] envelopes)

Sakka (2007) Germany [2Q] 20 N Y (sealed envelopes) NR N NR

Adembri (2008) Italy [21] 1 16 N Y (closed envelgpe NR N Y (1 died, 1 developed ARF; group(s) not
specified)

Wang (2009) China[32] 1 30 N NR NR N NR

Chyta (2012) Czech [22] 1 240 N Y (sealed opaguelepes) Y N N for mortality and LoS, but Y (14@ and, 12
in control group) for cure data

Dulhunty (2012) Australia5 60 Y Y (sequentially numbered Y N N

[29]

sealed envelopes)

Y = Yes, N = No, NR = Not reported, Cl = continuoniision, LoS = length of stay.
* Partial randomization: first six patients alloedtto continuous infusion group, next 12 patieatslomized to continuous infusion or intermittentnaastration groups.



Table 3Quality assessment of included cohort studies

Author (Year) Country  # of centers# Patients  Prospective/Retrospective Concurrent Control

Comparable Baseline

Schentag (1984) USA [23] 1 32 Prospective
Lorente (2006) Spain [24] 1 89 Retrospective
Itabashi (2007) Japan [33] 1 42 Prospective
Lodise (2007) USA[25] 1 194 Retrospective
Lorente (2007) Spain [26] 1 121 Retrospective
Lorente (2009) Spain [31] 1 83 Retrospective
Nicasio (2010) USA[27] 1 (3 168 Prospective

separate

ICUs)
Dow (2011) USA [30] 1 121 Retrospective
Yost (2011) USA [28] 14 359 Retrospective
Akers (2012) USA [34] 1 171 Retrospective
Lee (2012) USA [35] 2 148 Retrospective
Arnold (2013) USA [36] 1 503 Prospective
Hsaiky (2013) USA[37] 1 86* Retrospective

N (histdy

Y @dbian discretion)

Y (joheys discretion)

N (hitstal)

YyGitian discretion)

Y @dtian discretion)
N (historical)

N (histaf)c
Y (phiesicdiscretion)

Y (phigsicdiscretion)
N (histakjic

N (hista)

N (histal)

NR

Y
Y
Y

< <

Y (except less im¢eition patients with liver disease)

Y

N, (Higher use of concomitant angiiyoosides, pseudomonas
infections, and rates of positive cultures fronpregory and other
sources in control patients)

Y (except control group received%illower average dose)
Y (except control group more COPD patients, momgcomitant us:
of fluoroquinolones and aminoglycosides, and lor{géd) duration
and higher (~13%) cumulative dose of therapy)

Y (except control group more COPD patientsyarendotrachial (vs
bronchioalveolar lavage) cultures, lé¢samophilusinfluenza, and
more use of meropenem)
Y (except control group had lower proportimipatients with
positive blood cultures)

* Data from 86 critically ill patients of 200 entetl hospitalized patients reported separately.

COPD, chronic obstructive pulmonary disease.



Morbidity and mortality

The 13 RCTs [12-22,29,32] included data from 782 patients and the 13 cohort S2@dies [
28,30,31,33-37] from 2117 patients. Two studies [28,37] enrolling all hospitalizezhtsati
reported mortality data separately for patients requiring l&nission. Reduction in
mortality (9 RCTs, n = 620, RR 0.87, 95% CI 0.64 to 1.19, p = 0.38) almost achieved
statistical significance when the results of all includedliss (RCTs and cohort studies)
were pooled (19 studies, n = 2354, RR 0.83, 95% CI 0.69 to 1.00, p = 0.054) (Figure 2)
Focusing the pooled analysis on only RCTs, PDD significantly redclogcal failure rates,
defined as either lack of clinical cure or improvement (7 RGils 565, RR 0.68, 95%
confidence interval [CI] 0.49 to 0.94, p = 0.02) (Figure 3) and ICU LOBG%s, n = 442,
mean difference -1.5, 95% CI-2.8 to -0.2 days, p = 0.02) (Figure 4). Therenavas
significant between-trial heterogeneity for these analyées(). Incorporating pooled data
from non RCTs also yielded significantly reduced clinical failtates but with increased
heterogeneity (Figure 3). PDD did not result in reduced hospiteths of stay, but few
studies reported this outcome (Figure 5). Visual inspection of thelfplotecomparing the
effect measure (RR) for the primary outcome of mortalityefach study with its precision,
expressed as the standard error of the natural logarithm 0SRf0g[RR]) did not suggest
asymmetry (Additional file 2).

Figure 2 Effects of pharmacodynamic-based antibiotic dosing on ICU15-17,22,29]
hospital [30,34,36,37] 14-day25], 30-day [35], or unspecified (ICU or hospital) [18-
21,27,28,31,33mortality grouped by RCT vs cohort studies.Individual study RR with
95% CI are shown as squares with lines and pooled RRs with 95%alCuilated using
random-effects models both overall and separately for each subgaoeipshown as
diamonds. The interaction p-value, calculated using a Z-test, téstisgbgroup differences
between the RCT and cohort studies, was not significant (p = 0.61). The pooledfoeshés
RCTs were essentially unchanged if ICU mortality was oemglaby the more prolonged
hospital mortality for the studies that also provided this data [222BICTs, 620 patients,
RR 0.86, 95% CI 0.64 to 1.17, p = 0.3%4= 0%), or if the results of the partial RCT [16]
were excluded (8 RCTs, 602 patients, RR 0.88, 95% Cl 0.64 to 1.21, p 30=4D%).
Weight refers to the weighting of each individual study to therall pooled RR. CI,
confidence interval; 1V, inverse variance; RCT, randomized controlled triglrdt&ive risk.

Figure 3 Effects of pharmacodynamic-based antibiotic dosing on clinical failure, efined
as lack of clinical cure or improvement, grouped by RCT vs cohorstudies. Individual
study RR with 95% CI are shown as squares with lines and podksdwih 95% ClI,
calculated using random-effects models both overall and sepafatetach subgroup, are
shown as diamonds. Z-tests were used to test for subgroup differéndescal failure is
defined only as lack of clinical cure, results were identicaklie non RCTs and similar for
the RCTs (7 RCTs, 525 patients, RR 0.83, 95% CI 0.70 to 0.99, p =198411%) and
overall (14 studies, 1509 patients, RR 0.68, 95% Cl 0.52 to 0.88, p = 0°08470%).
Weight refers to the weighting of each individual study to therall pooled RR. CI,
confidence interval; 1V, inverse variance; RCT, randomized controlled triglydt&ive risk.




Figure 4 Effects of pharmacodynamic-based antibiotic dosing on ICU lengtof stay,
grouped by RCT vs cohort studiesIndividual study RR with 95% CI are shown as squares
with lines and pooled RRs with 95% CI, calculated using random-gffectiels both overall

and separately for each subgroup, are shown as diamonds. Z-testsisedrto test for
subgroup differences. IQR [22,29,35,36] converted to standard deviations by dividing by 1.35
as previously described [11], or standard deviations calculated fronta@®@&% confidence
intervals assuming equal standard deviations between groups[30jhtWefers to the
weighting of each individual study to the overall pooled RR.d0hfidence interval; 1V,
inverse variance; RCT, randomized controlled trial; SD, standard deviation.

Figure 5 Effects of pharmacodynamic-based antibiotic dosing on hospitdéngth of stay,
grouped by RCT vs cohort studiesIndividual study RR with 95% CI are shown as squares
with lines and pooled RRs with 95% CI, calculated using random-gffectiels both overall
and separately for each subgroup, are shown as diamonds. Z-testsisedrto test for
subgroup differences. Ranges [25] or IQR [22,36,37] converted to standardotsviesing
the methods of Hozo [10] or by dividing by 1.35 as previously describedrflshectively,

or standard deviations calculated from reported 95% confidence intassisiing equal
standard deviations between groups [30]. Weight refers to the wejgbitieach individual
study to the overall pooled RR. CI, confidence interval; IV, inveragance; RCT,
randomized controlled trial; SD, standard deviation.

Subgroup analysis

Examining effects by types of antibiotics (Figure 6), onlyudss involving
piperacillin/tazobactam (or piperacillin alone) clearly demotsti@ survival advantage for

the intervention group (5 studies [18,25,28,31,35], n = 683, RR = 0.62, 95% CI 0.46-0.85, p =
0.003,12 = 0%), although only 1 of 5 studies in this subgroup was an RCT $t@ilies
involving carbapenems almost demonstrated a survival advantage fateitvention group

(4 trials [20,22,33,37], n = 388, RR 0.64, 95% CI 0.41 to 1.00, p = 0H510%), with 2 of

4 studies being RCTs [20,22]. With respect to type of interventiomddeinfusions, all of
which were cohort studies, improved survival (8 studies [,25,27,28,30, 33,35-37], n = 1580,
RR 0.72, 95% CI 0.54 to 0.96, p = 0.03= 42%). Improved survival in the studies using
continuous infusions did not achieve statistical significance (9 RT5F22,29] and 2 cohort
studies [31,34], n = 874, RR 0.97, 95% C1 0.76 to 1.25, p = [7.840%) (Figure 7).

Figure 6 Effects of pharmacodynamic-based antibiotic dosing on mortalitgeparated by
class of antibiotic. Individual study RR with 95% CI are shown as squares with linds a
pooled RRs with 95% CI, calculated using random-effects modelsaselgdor each class of
antibiotic, are shown as diamonds. Weight refers to the weightiagabf individual study to
the overall pooled RR. ClI, confidence interval; IV, inverse variance; RRyveetak.

Figure 7 Effects of pharmacodynamic-based antibiotic dosing on mortalit comparing
continuous to extended infusion subgroupsThe continuous infusion studies included 9
RCTs [15-22,29] and 2 cohort studies [31,34], whereas the extended infusion studies
included only cohort studies. Individual study RR with 95% CI are sh@nsgaares with

lines and pooled RRs with 95% CI, calculated using random-effesdglmboth overall and
separately for each subgroup, are shown as diamonds. The interactitue,peadculated

using a Z-test, testing for subgroup differences between continuousxtartled infusion
studies, did not achieve statistical significance (p = 0.12). Wegjbts to the weighting of



each individual study to the overall pooled RR. CI, confidence intdiwainverse variance;
RCT, randomized controlled trial; RR, relative risk.

Discussion

Pooled results from small RCTs suggest that PDD, employimgagly continuous or
extended infusions of antibiotics, reduces clinical failure ratesi@U LOS in critically ill
patients when compared to traditional dosing methods. Reduced moréaéty almost
achieved statistical significance when the results of RCTs are combitiedolort studies.

Unlike previous meta-analyses, our systematic review onlyded data from critically-ill
patients, stratified results by RCTs vs. cohort studies, inclutletinatally used antibacterial
agents, and a larger number of studies. We were able to demonstiaistizally significant
improvement in clinical outcomes (reduced clinical failure jasesl ICU LOS even when
exclusively methodologically more rigorous RCT data are poolede€eTprevious meta-
analyses, each with fewer studies, included both criticallgatl non-critically-ill patients
and found somewhat different results. Two of these meta-andtysed either no benefit
[5,6] or that clinical outcomes were improved only when the same afoagtibiotic was
given as continuous infusions when compared to intermittent infusionsOj#]. more
comprehensive and updated search included all of the RCTs in ICU foaupckevious
systematic reviews plus additional studies, which may have boted to these differences.
Similar to the most recent meta-analysis [7], we also fourtdntibatality improvement was
seen with continuous/extended infusions of only piperacillin/tazobactaroaabdpenems in
ICU patients, largely due to data from non-RCTs.

Our pooled results, at least from RCTs, were consistent betsteelies. This lack of
statistical heterogeneity occurred despite significant diftaeretween studies in types of
antibiotics used, interventions studied (i.e. extended or continuous infusionshesr ot
pharmacodynamic-based dosing strategies), dosages of antibietic(itess whether both
arms of the study received the same dose of antibiotic, whethéiny doses were given),
types of organisms or infections studied, and whether concomitant pharnmeiméata (i.e.
therapeutic drug monitoring) was also performed to validate theglssiategies. Indeed we
found piperacillin/tazobactam as the most studied antibiotic, and thewoalthat resulted in
a clear improvement in mortality, albeit largely due to cohort etudn our study, extended
infusions but not continuous infusions demonstrated a statisticallyfisagi reduction in
mortality. This is inconsistent with the theoretical background,ngikiat extended infusions
may not result in serum antibiotic concentrations that are abovenitienum inhibitory
concentration (MIC) of the infecting pathogen throughout the entireglasierval, and our
findings may be due to methodological differences given that ahefextended infusion
studies were non-randomized while all but two of the continuous infusionstudie RCTSs.
However, while for antibiotics such as beta-lactams and carbapenems therdgraccepted
PD parameter associated with improved cure rates are frgeaingentration above MIC for
40-70% of the dosing interval, these parameters have not been sulpectgaidus clinical
evaluation in multiple studies, and their validity have been rgcatthllenged [90]. In
addition, it is well known that pharmacokinetic parameters are highrlgble in critically ill
patients due to a variety of factors [91], and thus whether anyaRjets were actually
attained by any interventions should ideally be confirmed usitgalpharmacokinetic
measurements in each individual study to better correlate ‘iiibat and other endpoints.
For example, augmented renal clearance, seen in some grilicsgiptic and trauma patients



[92] might lead to an inability to achieve concentrations above theé die to greater
clearance in some patients, and this would have a greater impagbtimuous vs extended
infusions.

As evident from the list of studies included in this meta-analyddD strategies are not a
new concept. Indeed, the concept of dual-individualization incorporating both ga@&nt
and bacterial PD information to arrive at dosage regimen datdsto the 1980s [23]. Even
the concept of extended or continuous infusions would benefit from individi@hiazing
patient-specific PCK parameters and organism-specific MIC @eroto verify that these
infusions did indeed reach the PD target. Given the intense resoaquesed for such an
intervention (i.e. infrequently reported PCK of antibiotics in ICU patientbaoteria-specific
MIC for each infection), this concept has not been universally adlojgkere recently, given
the rise in bacterial resistance and dearth of new antbjadignificant attention has been
paid to optimizing use of currently existing antibiotics through, fexample,
extended/continuous infusions. Practically speaking, it is stillamotccepted standard of
practice for all institutions to report MIC for all organisms pites having these MICs
determined by automated systems due to errors associatedutadthaded techniques, and
there are still a large number of unknowns when it comes tofaneters in ICU patients.
Therefore to truly translate the knowledge from the plethoia w@itro / Monte Carlo type
studies to actual ICU patients, significant system change$uaihér research as previously
outlined needs to occur. This systematic review of primarilyllsisiagle-centre studies of
critically-ill patients, a patient population that is most Ijki benefit due to their severity of
illness and increased potential for infections with more regisieganisms, suggests that
PDD may lead to improved patient-centered clinical outcomessapplorts the conduct of
more adequately powered and rigorously performed RCTs to confirm these findings.

The strengths of our study include the use of rigorous systereatew and meta-analytic
methods consistent with PRISMA guidelines [93] including a reproduciatel
comprehensive literature search strategy without languagectiests, clearly defined
inclusion criteria, duplicate citation review, data abstractiord quality assessment of
individual studies, and a pre-defined statistical analysis planm@ta-analysis also included
more studies of critically ill patients: previous meta-anayseluded only 5-7 studies
enrolling primarily critically ill patients of which only 2—-6ese RCTs [5-7], whereas our
meta-analysis included 26 studies enrolling primarily criycéll patients of which 13 were
RCTs.

Our study also has limitations. The numbers of patients enroliéa iselected studies were
relatively small, and most of the RCTs were unblinded and siogfgre, with only a
minority reporting on quality indicators such as allocation concedlmetention-to-treat
analysis, and losses to follow up post randomization. This makegrfwtbgroup analysis
not useful given the small sample size in each study and the btyfpstudies. To be
comprehensive, we included all antibacterials, all study typesath dosages of antibiotics
and also studies targeting different PD endpoints which resultednioatlheterogeneity
among included studies. Surprisingly, the pooled results, at least &@irg demonstrated
no statistical heterogeneity; however, tests for heterotyehave lower statistical power
when the number of trials is small. Clinical cure is a subjeautcome that was defined by
each study’'s authors, and potentially subject to bias given thattutieess were mainly
unblinded [94], and the microbiological causes of infections were eiifferand
appropriateness of empiric antibiotics, a key determinant of out;owere not reported.
Even a moderately sized additional RCT could negate the sttsgoificant improvement



in this outcome. For example, a recently completed blinded placebo-&mhtRCT in
critically ill patients with ventilator associated pneumonia [98hich did not meet our
inclusion criteria because it compared two different antibidbesdifferent durations of
therapy (extended [4 h] dose doripenem for 7 days vs intermittenirdgssem/cilastin for

10 days), found higher clinical failure rates in the extended doseedenp group (43/79
[54%] vs 38/88 [43%]). Adding data from this trial to our pooled result dvonéke the
improved clinical failure rates among the continuous/extended RGTsnger statistically
significant: 8 RCTs, n = 732, RR 0.81, 95% CI1 0.57 to 1.15, p = 0.24. It wool@laisinate
statistically significant mortality improvements in the suhgr of extended infusion cohort
studies, and the subgroup of carbapenem studies. In addition, almostiaé shcluded in

this review permitted the use of concomitant antibiotics [12,14-19,21,22,24-31,34-37],
whereas the remainder did not specifically report on whether tlsgir was permitted
[13,20,23,32,33]. This use of concomitant antibiotics may have contributed to reduced
differences in outcomes between groups. We also did not conduct tysisnantrolling for
differences in antibacterial dosing regimes (e.g. with thomt loading doses) or patient
severity of illness. The latter would require patient-level ddiech would be challenging to
acquire.

Conclusions

In conclusion, pooled results from small RCTs suggests that PDRe®dlinical failure
rates and ICU LOS in critically ill patients, and may redoetality rates when the results
of RCTs are combined with cohort studies. Given the limitations of our review fiheisgs
support the conduct of future adequately powered and well designesl BConfirm these
findings for this important clinical question.

Key messages

» Pooled analysis of randomized controlled trials suggest that continuous/extendexhs
of antibiotics in critically ill patients improves cure rates, length of, stad possibly
mortality.

» This study adds to the current body of literature by focusing on critilgigtients and
including a larger number of studies without restriction on type of antibiotics.
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26 Studies included in meta-analysis
-13 Randomized controlled trials [12-22,29,32]
-13 Cohort studies [23-28,30-31,33-37]




Conmrol HISK Ratio HISK Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
RCT

Wysocki 2001 [15] 21 61 18 58 9.7% 1.05[0.63,1.74] I
Buijk 2002 [16] 3 12 2 6 1.4% 0.75[0.17, 3.35]

Georges 2005 [17] 3 26 3 24 1.4% 092[0.21,414)]

Rafati 2006 [18] 5 20 6 20 3.0% 0.83[0.30,2.29] —
Roberts 2007 [19] 3 29 0 28 0.4% 6.77[0.37,125.32]

Sakka 2007 [20] 1 10 2 10 0.7% 0.50 [0.05, 4.67]

Adembri 2008 [21] 2 8 2 8 1.1% 1.00[0.18, 5.46]

Chytra 2012 [22] 18 120 25 120 8.5% 0.72[0.42,1.25] .
Dulhunty 2013 [29] 2 30 4 30 1.2% 0.50[0.10,2.53]

Subtotal (95% CI) 316 304 27.6% 0.87 [0.64, 1.19] -

Total events 58 63

Heterogeneity: Tau®= 0.00; Chi*= 3.65, df= 8 (P = 0.89); I*= 0%

Test for overall effect: Z= 087 (P = 0.38)

Cohort

Iltabashi 2007 [33] 1 18 9 24 0.8% 015[002,1.07)
Lodise 2007 [25] 9 102 14 92 4.7% 0.58[0.26,1.28] 1
Lorente 2008 [31] 8 37 14 46 51% 0.71[0.33,1.51] — 1
MNicasio 2010 [27] 27 94 26 74 11.7% 0.82[052,1.27] 1

Dow 2011 [30] 8 67 11 54 4.3% 0.59 [0.25, 1.35] —_—
Yost 2011 [28] 15 101 26 117 7.9% 067 [0.38,1.19] I
Akers 2012 [34] 29 [0 17 81 9.4% 1.54[0.91,258] T
Lee 2012 [35] 13 68 30 30 8.2% 0.51 [0.29, 0.90] _—

Arnold 2013 [36] 60 261 47 242 16.3% 1.18[0.84, 1.66] T
Hsaiky 2013 [37] 7 44 10 42 4.0% 0.67 [0.28,1.59] S
Subtotal (95% CI) 882 852 72.4% 0.78 [0.59, 1.03] L 2

Total events 177 204

Heterogeneity: Tau®*= 0.09, Chi*=17.68, df=9 (P = 0.04), IF= 49%

Test for overall effect Z=1.74 (P = 0.08)

Total (95% CI) 1198 1156 100.0% 0.83[0.69, 1.00] L 2

Total events 235 267

Hele.rogenelty. Tau*=0.02, Chi*=21.33,df=18(P=0.26), F=16% o1 02 o5 ¥ 3 2
Teﬁl;‘gu;rgrgl effect: Z=1.93 (P = 0.05) Favours experimental Favours control
Testfdar subaroup differences: Chi*=025. df=1(P=061). F= 0%



Study or Subgroup
RCT

Nicolau 2001 [14]
Wysocki 2001 [15]
Georges 2005 [17]
Roberts 2007 [19]
Wang 2009 [32]
Chytra 2012 [22]
Dulhunty 2013 [29]
Subtotal (95% CI)
Total events

Heterogeneity: Tau®= 0.00; Chi*

Experimental Control
Events _ Total
1 17 3
13 61 "
4 26 7
4 29 5
0 15 1
18 106 27
7 30 15
284
47

Test for overall effect Z= 232 (P=0.02)

Cohort

Schentag 1984 (23]
Hanes 2000 [13]
Lorente 2006 [24]
Lorente 2007 [26]
Lorente 2009 [31]
Arnold 2013 (36]
Hsaiky 2013 [37]
Subtotal (95% CI)
Total events

Heterogeneity: Tau®= 0.55, Chi*= 35.91, df= 6 (P < 0.00001), I

4 18 2
7 16 4
4 42 19
6 56 )
4 37 20
128 261 105
12 44 22
474
165

Test for overall effect: Z=1.80 (P = 0.07)

Total (95% CI)
Total events

758
212

18 25%
58 8.9%
24 6.2%
28 56%
15 1.3%
108 105%
30 8.8%
281  43.8%

69
=367, df=6(P=072),F=0%

14 41%
14 6.9%
47 B9%
65 8.3%
46 7.0%
242 128%
42 10.2%
470  56.2%

751 100.0%

Risk Ratio

Events Total Weight IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

0.35 [0.04, 3.07)
1.12(0.55, 2.30]
0.53(0.18,1.58)
0.77 (023, 2.58)
0.33(0.01,7.58)
0.68[0.40,1.16)
0.47 [0.22, 0.98)
0.68 [0.49, 0.94]

1.56(0.33,7.31]
1.53[0.56, 4.15]
0.24 [0.08, 0.64]
0.22(0.10, 0.50)
0.25 [0.08, 0.66)
1.13(0.93,1.37]
0.52(0.30, 0.91)
0.55 [0.29, 1.05]

83%

0.60 [0.41,0.87]

Heterogeneity: Tau*= 0.28; Chi*= 4210, df= 13 (P < 0.0001), F= 69%

Tes

@fﬁi fect Z= 268 (P
Test forsubaroup differences: Chyi’

007)

029 df=1(P=059)

Favours experimental

|

,

ol

01 02 2 5
Favours control
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Experimental

Control

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
RCT

Micolau 2001 [14] 85 34 17 93 4 18 134%  -0.80[3.25, 1.6 I
Georges 2005 17) 34 17 26 40 15 24 29% -600[14.87,287) 41—
Roberts 2007 [19] 108 232 29 56 6 28 29% 520[-3.53,13.93] —_— T
Chytra 2012 [22] 10 519 120 12 889 120 155% -2.00(-3.84,-0.16) —

Dulhunty 2013 (28] 75 593 30 9 685 30 109% -1.50[4.74,1.74] 71
Subtotal (95% CI) 222 220 457% -1.50[-2.81,-0.19] <
Heterogeneity: Tau®= 0.00; Chi*= 3.85, df= 4 (P = 0.43); F= 0%

Testfor overall effect: Z=2.24 (P=0.02)

Cohort

Hanes 2000 [13] 268 201 16 185 59 14 22% 11.30(0.98, 21.62) EEEE——
Larente 2009 [31] 21.81 1234 37 2561 1984 46 42% -380[1078,318 ———— T —
Nicasio 2010 [27] 202 158 894 248 19 74 62% -4.40[-9.79,0489 EE—

Dow 2011 [30] 107 96 67 153 96 54 104% -4.60[-8.04,-1.16) I —

Lee 2012 [35) 5 741 68 5 37 80 152%  0.00[1.94,1.94] i
Amold 2013 [36) 108 89 261 93 101 242 161%  1.50[0.17,3.17) T
Subtotal (95% Cl) 543 510 54.3%  -0.86[-3.60, 1.88] B
Heterogeneity: Tau®= 6.85; Chi*=18.27, df=5 (P = 0.003); F=73%

Testfor overall effect: Z= 061 (P =0.54)

Total (95% ClI) 765 730 100.0%  -1.02[-2.65,0.60] q

Heterogeneity: Tau®= 3.54; Chi*= 2512, df=10 (P = 0.005); = 60%

Ty galerect 21,23 ¢ =022 005 08 10
Te t#@%‘u troun differences: Cl 017 di=1(P=068) F=0%

Favours experimental  Favours contral




Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV,Rand 95% CI IV, Rand: 95% CI
RCT
Georges 1999 [12] 34 0 ] 36 0 9 Not estimahble
Roberts 2007 [19] 42 68 29 24 21 28 1.4% 18.00[-7.94,43.94] S E—
Chytra 2012 [22] 26 1556 120 22 17.04 120 189%  4.00[-013,8.13] —
Subtotal (95% Cl) 158 157  20.3% 4.90[-1.83, 11.64] i
Heterogeneity: Tau*=8.18, Chi*=1.09, df=1 (P=0.30); F= 8%
Testfor overall effect: Z=1.43 (P=0.15)
Cohort
Hanes 2000 [13] 417 305 16 287 159 14  31% 13.00[4.11,30.11] I e—
Lodise 2007 [25] 18 26 102 225 235 92 119% -450[-11.47 2.47) S
Nicasio 2010 [27] 379 201 94 433 236 74 123% -540[1214,134] T
Dow 2011 [30] 224 244 67 309 244 54 89% -850[17.250.29)
Arnold 2013 [36] 156 158 261 17 161 242 229%  -1.40[-4.19,1.39 —&
Hsaiky 2013 [37] 1" 8.1 44 12 89 42 205%  -1.00[-4.60, 2.60] —
Subtotal (95% Cl) 584 518 79.7% -2.38[-5.04,0.28] -
Heterogeneity: Tau*= 2.99; Chi*=7.02, df= 5 (P = 0.22), F= 29%
Test for overall effect: Z=1.76 (P = 0.08)
Total (95% Cl) 742 675 100.0% -1.08[-4.25,2.10]

Heterogeneity: Tau*=9.42; Chi*=15.75, df= 7 (P = 0.03), F= 56%
Testfor overa‘yéeffect: Z=0.66 (P=051)

Test {¥]«p]

up differences: Chi*=3.89 df=1(P=00%) F=74.3%

* .
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Experimental
Study or Subgroup  Events

Contro
Total Events Total

Risk Ratio

Weight IV, Random, 95% CI

Risk Ratio
IV, Random, 95¢% CI

Piperacillin/tazobactam (or piperacillin only)

Rafati 2006 [18] 5 20 6
Lodise 2007 [25] 9 102 14
Lorente 2009 [31] 8 37 14
Yost 2011 (28] 15 101 26
Lee 2012 [35] 13 63 30
Subtotal (95% Cl) 328

Total events 50 90

20 9.3%
92  153%
46 16.8%
M7 286%
80 20.9%
355 100.0%

Heterogeneity: Tau®= 0.00; Chi*=1.01, di=4 (P=0.91); F=0%

Testfor overall effect: Z=3.01 (P = 0.003)

Cephalosporin

Buijk 2002 [16] 3 12 2
Georges 2005 [17] 3 26 3
Roberts 2007 [19] 3 29 0
Subtotal (95% Cl) 67

Total events 9 5

Heterogeneity: Tau®=0.00; Chi*=1.79, df=2 (P =

Testfor overall effect: Z=0.12 (P =0.91)

Carbapenem

Itahashi 2007 [33] 1 18 9
Sakka 2007 [20] 1 10 2
Chytra 2012 [22] 18 120 25
Hsaiky 2013 [37] 7 44 10
Subtotal (95% Cl) 192

Total events 27 46

Heterogeneity: Tau®
Testfor overall effect: Z=1.95 (P = 0.05)

Variable beta-lactam antibiotics

Nicasio 2010 [27] 27 94 26
Dow 2011 [30] g 67 11
Arnold 2013 [36] 60 261 47
Dulhunty 2013 [29] 2 30 4
Subtotal (95% Cl) 452

Total events 97 88

Heterogeneity: Tau®=0.03; Chi*=3.92, df=3 (P=0.27), F= 24%
Testfor overall effect: Z=0.52 (P = 0.60)

Linezolid

Adernbri 2008 [21) 2 8 2
Subtotal (95% Cl) 8

Total events 2 2
Heterogeneity: Not applicable

Testfor overall effect: Z=0.00 (P =1.00)
Vancomycin

Wysocki 2001 [15] al 61 19
Akers 2012 [34] 29 90 17
Subtotal (95% Cl) 151

Total events 50 36

6 443%
24 441%
28 11.7%
58 100.0%

0.41), F=0%
24 51%
10 3.9%

120 64.9%
42 261%

196 100.0%

0.00; Chi*=2.34,df=3 (P =0.50); F= 0%

74 35.0%
54 13.1%
242 481%
30 3.9%
400 100.0%

8 100.0%
8 100.0%

58 51.1%
81 48.0%
100.0%

Heterogeneity: Tau®= 0.00; Chi*=1.05, di=1 (P =0.30); F= 5%

Testfor overall effect: Z=1.24 (P=10.22)

Figure 6
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0.83[0.30,2.29]
0.58 [0.26, 1.28]
0.71[0.33,1.51]
0.67 [0.38,1.19]
0.51[0.29, 0.90]
0.62[0.46, 0.85]

0.75[0.17,3.35]
0.92[0.21, 4.14]

77[0.37,125.32)

1.06 [0.39, 2.88]

0.15(0.02,1.07]
0.50 [0.05, 4.67]
0.72[0.42,1.25)
0.67 [0.28,1.59]
0.64 [0.41, 1.00]

0.82[0.52,1.27]
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0.92[0.66, 1.27]
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total igl IV, R: 95% Cl IV, R 95% Cl
Continuous Infusions (all RCTs except two cohort studies)
Wysocki 2001 [15] 21 61 19 58  9.7% 1.05[0.63, 1.74] —
Buijk 2002 [16] 3 12 2 6 1.4% 0.75[0.17, 3.35]
Georges 2005 [17] 3 26 3 24 1.4% 0.92[0.21, 4.14]
Rafati 2006 [18] 5 20 6 20 3.0% 0.83[0.30, 2.29] —
Robherts 2007 [19] 3 29 0 28 0.4% 6.77[0.37,125.32] 4
Sakka 2007 [20] 1 10 2 10 0.7% 0.50 [0.05, 4.67] +
Adembri 2008 [21] 2 8 2 8 1.1% 1.00[0.18, 5.46]
Lorente 2008 [31] 8 37 14 46 5.1% 0.71 [0.33, 1.51] —
Akers 2012 [34] 29 90 17 81 9.4% 1.54[0.91, 2.58] h
Chytra 2012 [22] 18 120 25 120 85% 0.72[0.42,1.25] ———
Dulhunty 2013 [29] 2 30 4 30 1.2% 0.50[0.10, 2.53] S
Subtotal (95% CI) 443 431 42.1% 0.97 [0.76, 1.25] <&
Total events 95 94
Heterogeneity: Tau®= 0.00; Chi*= 7.78, df= 10 (P = 0.65); F= 0%
Test for overall effect: Z=0.21 (P=0.84)
Extended (all cohort
ltabashi 2007 [33] 1 18 9 24 0.8% 015[0.02,1.07] ————
Lodise 2007 [25] g 102 14 92  47% 0.58 [0.26, 1.28] e —
Nicasio 2010 [27] 27 94 26 74 11.7% 0.82[0.52,1.27] D
Dow 2011 [30] 8 67 11 54  4.3% 0.59 [0.25, 1.35] I —
Yost 2011 [28] 15 101 26 117 7.9% 0.67[0.38,1.19] A
Lee 2012 [35] 13 68 30 80 8.2% 0.51 [0.29, 0.90] I
Arnold 2013 [36] 60 261 47 242 16.3% 1.18[0.84, 1.66] ™
Hsaiky 2013 [37] 7 44 10 42 4.0% 0.67 [0.28, 1.59] S
Subtotal (95% CI) 755 725 57.9% 0.72[0.54, 0.96] -
Total events 140 173
Heterogeneity: Tau®= 0.07; Chi*=12.08,df=7 (P=0.10); F= 42%
Test for overall effect: Z= 2.22 (P = 0.03)
Total (95% Cl) 1198 1156 100.0% 0.83 [0.69, 1.00] L
Total events 235

e S - _ e : . . . . L
Heterogeneity: Tau®= 0.02; Chi*= 21.33, df=18 (P = 0.26); F=16% o1 o2 0’5 1 t 1o

Tefj@m}/ﬁr?{[ effect: Z=1.93 (P = 0.05)

Test

aroup differences: Chi*=2.38.df=1(P=0.12), F=58.0%
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