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Abstract

Limited data exist regarding prognostic factors and optimal antimicrobial treatment of

infections from extensively drugesistant (XDR)Acinetobacter baumannii (AB). This

retrospectivecohort study included93 adult patientswho developedventilatorassociated
pneumonia (VAP) due to XDRRB in the intensivecare unit of the University Hospital of
Heraklion, Greecefrom October 2012 to April 2015XDR-AB isolates were mainly

susceptible to colistin (93.5%) and tigecycline (25.8%), whereas 6 (G&%ihs were

pandrugresistant. Prior to infection, patients had long durations of mechanical ventilation

and hospital stay and multiple exposures to antibiotics. Median Charlson comorhility a
APACHE Il scores were 2 and 17, respectively. Mortality at 28 days of infeotigetwas
high (34.4%),despite the high rates of actirevitro empirical (81.7%) and definitive
(90.3%) treatmentActive colistinbased combination therapy (n=55) and monotherapy
(n=29) groups had similar 282y mortality (27.6% vs 30.9%, respectively) and Kaplan
Meier survival estimates over time. In multivarialex regression, advanced age (adjusted
hazard ratio [aHR] 1.05 per year increase; 95% confidence interval [CH1.@®), rapidly
fatal underlying disease (aHR 2;&5%Cl 0.98-9.17)and APACHEII score (aHR 1.06 per
unit increase; 95% CI 0.99.14) were identified asindependent predictors of Zfay
mortality, but no difference in mortality hazards between theactive colistinrbased
combination therapy and monotherapy groups was produced (aHR 0.8&19h%5-2.38).
These results support the use of colistin as alfirstagent agains¢AP in settingswhere
XDR-AB is endemi¢ but opposedhe introduction of colistibased combination therapy as

standard treatment

Keywords. Acinetobacter; extensively drugsistant; ventilateassociated pneumonia;

antimicrobial resistance; colistin; treatment.
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1. Introduction

Ventilatorassociated pneumonia (VAP) is a common lethal infection in critical care settings
which is also associated with increased morbidity and health care[tpstacinetobacter
baumannii (AB), a pathogen with an alarming ability to rapidly develop antimicrobial
resstance, is a major cause of VAP worldwidg2]. The emergence of extensivalyug
resistant (XDR) strains that are resistant to all but one or two antibiotic clasbedtem
cause hospital outbreaks has become a serious public healthH2kfdatHowever, clinical
studies in affected patients are scarce and factors predictive of poor outogemarely been
investigated[7]. Importantly, limited in vivo data exist on the effioey of the few
therapeutic options available to treat infections from XDR Gnagative bacteria. Currently,
there are suggestions in the literature that combination therapy should be used, which ma
even include antibiotics to which the causative pathatgmonstrates in vitro resistance

[5,8]; butthese have been severely criticid

The purpose of this study is to describe the clinical and therapeutic profile Rf XD
AB VAP in a cohort of critically ill patients and assess prognostitofacof 28mortality,

with a focus on elucidating the effect of active definitive treatment regimens.

2. Materialsand methods
2.1 Setting and study design

A retrospective cohort study was conducted in the adténsive care unitiCU) of the
University Hospital of Heraklion, from October 201® April 2015. This is a 75bed
tertiary-care institution that receives approximately 55,000 admissions per year &gl a&er

a referral hospital for the island of Crete in Greece. The ICU has 12 beds ansfaoull
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medical and surgical case$he study was approved by the hospital's Ethics Committee and

is reported according to the STROBE recommendations [10].

The study cohort included all adult patients who were mechanically ateqtifor
more than 48 hours and developed VAP because of-XBRPatients were eligible for
inclusion if the infection developed during the ICU stay or were admitted t&théor this
infection. Only the first episode of XDRB VAP was recorded for each patient. Patients
with polymicrobial VAP and patients with other previous or concurrent infections wer
included in the study. Eligible patients were identified by review of clinical rulesults as

part of the hospital’s surveillance programme to identify multidasgystanisolates.

2.2 Data collection and definitions

VAP was defined as pneumonia that occurred in a patient at least 48 hours fpllowin
mechanicalentilation. Pneumonia was defined according to the Centers for Disease Control
and Prevention criterifl1]. Patients with no clinical symptoms or radiological evidence of
an infiltrate were considered to have colonization and were excluded from tireGhset of

VAP was defned as the date of collection of the first clinical culture that yielded the study
organism. The diagnosis of VAP was confirmed by positive quantitative micraittiates of
aspirate: (1) nomrotected bronchoscopic specimen cultures®>ddlony forming uits
(cfu)/mL, (2) specimen cultures obtained by transbronchial aspirat® cfa@nL, or (3)

protected bronchoscopic lavage cultures*f0/mL.

XDR-AB was resistant to all except for two or less classes of antib[diicSpecies
identification and atbiotic susceptibility testing were performed by the Vitek 2 system
(bioMérieux SA, Marcy L’Etoile, France) in accordance with the Clinicad &aboratory

Standards Institute standards for all antibiotics except tigecyflide Susceptibility to
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tigecycline was performed by the Etest (AB Biodisk, Solna, Swedemjording to the
susceptibility breakpoints ofEnterobacteriaceae used by the U.S. Food and Drug
Administration, an AB organism with an MIC<2 pg/mL to tigecycline was considered

susceptiblg13].

Clinical, biological and treatment data were obtained spgctively from the
patients’ medical charts and electronic records:nm@obid conditions were recorded in
accordance with the Charlson weightedneorbidity index[14]. The underlying ilinesses at
the time of admission in the ICU were classified as rapidly fatal, ultimatizlly #éad nonfatal
according to the McCabe and Jackson classificqtl&h. Acute Physiology and Chronic
Health Evaluation (APACHE) Il scores were measured at the time of IGlissidn and at

VAP onsef16].

Data on antimicrobial therapy, as selected at the discretion of the attending
physicians, were recorded. Treatment given before obtaining susceptibsijtsr was
defined as “empirical”. Therapy given after the susceptibility data becanialdeg was
defined as “definitive”. An active’ drug was an antibiotic to which XBRB was in vitro
susceptible. Definitive treatment regimens were classified as monoth@regynent with
only one in vitro active agent) or combination therapy (treatment with two or morean vitr
active agents). According to our institutional guidelines for the administrafidast line
antibiotics and in the absence of impaired renal function, antibiotic regimens wer
standardized and administered as follows: colistin as a 9 milliolodding dose followed
after 24 hours by 3 million 1U every 8 hours; tigecycline 100 mg every 12 hours; high dose
prolonged infusion of carbapenems, ie. meropenem 2g over 4 hours every 8 hours or
imipenem 1g over 3 hours every 8 hours. Dosages were adjusted to renal function as
indicated [17]. Inhaled antibiotics were not regularly administered. The duration of all

definitive treatment regimens ranged from 7 to 10 days.



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

2.3 Statistical analysis

Data were processed and anatysising the SPSS 22 software package (IBM, New York,
USA). The main outcome measured was thealise mortality within 28 days after the onset

of VAP. Patients discharged before day 28 were considered survivors. Mortalgy w
analysed both as a binarytoome (yes/no) and as survival time data with patients discharged
before day 28 or hospitalized and alive at day 28 considered censored observationssSurvivor
and nonsurvivors were compared to identify independent prognostic factors amongf a set
variabkes which were chosen a priori based upon clinical judgment and previous studies in
different settings. Emphasis was given on elucidating the effect of actigideftreatment

(i.e. monotherapy versus combination therapy).

Bivariate associations betweeategorical variables were assessed using“ttest or
Fisher's exact test, whereas the MaNhitney U test was used for continuous predictor
variables. In the survival analysis, KaplMeier estimates of the probability of survival were
obtained and survival curves were compared between groups using the log rank test. A
multivariable Cox proportional hazards model was used to identify prognostic sfactor
independently associated with -8y mortality. To avoid excluding potentially useful
prognostic factors, the purposeful approach for selectinghas was use[d8]. Variables
that were identified from univariate analysis as statistically significantahservative alpha
level of 0.25 were initially assessed using backward stepwise selectidus{embénclusion:
P<0.05/P>0.10, respectively) with the likelihood-ratio test. Variables that did not retain
statistical significance at the usual significance level of 0.05 wetledtésr confounding by
adding them one at a time to the model and examining their impalce @iffect estimate for
the treatment variable. Those causing substantial confounding (change hazdrd ratio
greater than 10%) were retained in the final model. Empirical and definitive treéatmeeng

6



148  predictor variables of primary clinical interestere forced into the model. Confidence
149 intervals were calculated by the profile likelihood method. Collinearity assessed by
150 examining pairwise correlations and variance inflation factdests of timecovariate
151  interactionswvere used taerify the FH assumption and bootstra@semployedto assesshe

152 validity of standard errors in the final cox regression model.

153 Patients who died within 48h after the onset of infection and those who received
154  definitive treatment with no active drug were excludednfrthe analysis of prognostic
155 factors. Patients with polymicrobial infection were included in the analysisifotiigy had

156  received antibiotics active in vitro against the otheinéecting organism(s).
157
158 3. Reaults

159  Of the 1333 adult patients who were admitted to the ICU during thradth study period,
160 124 (9.3%) patients had XDRB isolated in the aspirate. A total of 93 (75%) of those
161  patients fulfilled the diagnostic criteria for VAP and were included in theysiitte hospital

162  wide incidence rate of BR-AB VAP was 2.6/10,000 patiemtays and 90.3/10,000 IGU

163  days.
164
165 3.1 Basdline characteristicson | CU admission

166 The mean age of the patients was 59.7 + 18.3 years (median, 62 years; range, 17 to 92 years)
167 and 71 (76.3%) patients were male. Admission diaga to the ICU were acute respiratory

168  failure in 29 patients (31.2%), multiple trauma (21 patients, 22.6%), septic simdttorgan

169 failure (14 patients; 15.1%), cerebral haemorrhage (11 patients; 11.8%) postoperative
170  observation (7 patients; 7.5%), acute neurological complications (6 patients; 6.5%) tand pos

171  resuscitation syndrome (5 patients; 5.4%). The most frequent underlying diseages w
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diabetes mellitus in 2425.8%) patients, malignancy 9 (20.4%) patients, and chronic
pulmonary disease in 145.1%) patients. The mean Charlson comorbidity index was 2.7 +
2.7 (median, 2; interquartile range5)) mean APACHE Il score was 19.0 £ 7.5 (median, 17;
interquartile range, 123), and 84.9% of the patients were classified as having a rapidly fatal

or ultimately fatal underlying disease.

3.2 Clinical characteristics of infections and empirical treatment

Prior to the onset of XDRAB VAP, the mean duration of mechanical ventilation was 13.6 +
14.2 days (median, 10; interquartile rang&565) and the ean length of stay in the ICU was
13.5 + 14.3 days (median, 11; interquartile rangel5.5). Eightyfour patients (90.3%) had

a history of antibiotic use in the 30 days preceding the onset of VAP, which most frequently
included blactam/blactamase inhitor combinations (45 patients), carbapenems (43
patients), glycopeptides (25 patients), colistin (23 patients) and cephates{® patients).
During the XDRAB VAP, ten patients (10.8%) experienced septic shock, 14 (15.1%)

developed severe sepsis an@®%) developed multirgan failure.

Susceptibility testing showed that all XPAB strains were nosusceptible to
carbapenems and aminoglycosides, 69 stra@ii2%)were norsusceptible to tigecycline,
and 6 strains (6.5%) were ngasceptible to colis; all of the latter were pandrugsistant,

i.e.resistant tall antibiotics tested.

For empirical treatment of XDIRB VAP, 76 (81.7%) patients received at least one
active drug, while 17 (18.3%) patients received no active empirical drug. Erhpegoaens
were largely colistirbased (77 patients; 83.7%), including colistin alone (22 patients;
23.7%), or colistin combined with carbapenem (29 patients; 31.28),tigecycline (22

patients; 23.7%), awith carbapenem and tigecycline (4 patients; 4.3%).



196

197 3.3 Definitive antimicrobial treatment and treatment outcomes

198  Definitive antimicrobial treatment was administered 48 to 72 hours after tle¢ @nSAP.

199  Five patients (5.4%) were infected with pandragistantAB and received therapy with no
200 active drug Four patients (4.3%) died within 48h after the onset of VAP, before the
201  susceptibility results were availablecluding one patient infected with pandrregistant

202  AB. In total, 84 (90.3%) subjects received at least one -ABRactive drug: 29 patients
203  (34.5%) received combination therapy comprising two active antibmtiosh were colistin

204 plus tigecycline. The remaining 55 patients (65.6%) received monotherapyadtitie

205  colistin. All patients with polymicrobial VAP received at least one antibiotiechviwas

206  active against the other-@afecting organism(s).

207 The monotherapy and combination therapy groups were comparable in terms of ICU
208 admission diagnosis, comorbidity index, severity of underlying disease, APACstiere,

209 length of stay before infectn, and duration of mechanical ventilation before infection (Table
210 1). However, younger patients and those infected by a strain susceptible yolitigewere

211 more likely to have received combination theraplyere were 32 deaths (34.4%) within 28
212 days ofthe onset of XDRAB VAP. Combination therapy and monotherapy groups had
213  similar 28day mortality rates (27.6% vs 30.9%, respectively; p=0.751) and kafsear

214  survival estimates over time (p=0.582), as seen inIFighere was no significant variation

215 in 28day mortality rates (Table 2) or survival times for the different regimend e

216  definitive treatment (Fig2).

217

218 3.4 Prognostic factors of 28-day mortality



219 The effects of patient infection, and treatmentelated factors on 28ay mortality were

220 assessed in a univariate Cox regression analysis (Table 3). Advaasmewppeared to be

221 more likely among females and patients with advanced age, higher Charsorbility

222  index, higher APACHE Il score at onset of infection, and infection complicationgirial

223  treatment with at least one active antibiotic and use of combination thesapypased to

224  monotherapy for definitive treatment did not appear to have any apparent Emsogith

225  poor outcome. In multivariable analysis, advanced age (adjiR = 1.05 per year increase,

226 95%CI 1.02- 1.09; p=0.001) and rapidly fatal disease (adjusted HR = 2.64. 95%C}0.98
227  9.17; p=0.054) were identified as independent predictors of adverse outcome, while length of
228 hospital stay before infection onset was independently predictive of survivast@diHR =

229  0.96 per day increase, 95%CI 0:92.00; p=0.035). Apache Il score at the onset of infection
230 was retained in the model as an important confounder. Neither the empirical nor the

231 definitive treatment variabk showed a significant association withdzg§ mortality.

232

233 4. Discussion

234  In line with previous researcf19-21],the risk profile of patientswho developd XDR-AB

235 VAP in this study comprised of high disease severity, long hospital and ICU |ctay,
236 duration of mechanical ventilatipnand prior exposure to several antibiati¢®eported
237  mortality rateshave beerhnigh, ranging between 38% and 46% despite appreptiaatment
238  [7,22-25] Similarly in this study,mortality reached 34% at 28 days following the onset of
239 VAP despitethe highratesof appropriate empirical and definitive treatmdntvitro inactive

240 therapy presentieven higher mortalityfour of the sixpatiens (67%)in this study whavere

241 infected with a pandrugesistant strain died, while in another study all patiemith

242  pneumonia due to XDRB who receiveda nonactive antibioticdied within 28days of
243  infection onsef7]. The median APACHE Il score of our patigrat the time of infection

10
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corresponds to an expected mortality rate of24% [16] Therefore the true attributable
mortality of XDR-AB infections remains high, even when empirical and definitive treatment

regimens are in vitractive

Colistinis widely used fothe treatment omultidrug+esistantAB VAP [26] andis a
recommended treatment option for pneumonia causeduttydrugresistantAB [27]. XDR-
AB isolates remairlargely susceptil® to colistin in most setting25], but excessive ro
inadequate use of colistin may be associated thitlemergence otolistin-resistant strains
[28]. On the other hand, high resistance rates are increasingly repartether lastline
antibiotics, such as tigecycline, not onlyAB, but also in Enterobacteriacd@8,29]. In our
study, a notable percentage of patients had already receivstincimi the month prior to
VAP but only a small, though alarming, proportion BDR-AB isolates (6.5%)xhibited
resistanceo colistin. In contrasthree quartersf XDR-AB isolates were noesusceptible to
tigecycline and more than a thiekhibited @ MIC>8 pg/mL. Similarly high rates of nen
susceptibility to tigecycline have been previously reportedtirer studies of XDR-AB
infections [30,31] while the development of resistance during treatment has also been
documented [30].Although few, new antibiotics that are active against gnagative
bacteriahave beerrecently introduced into clinical practice, but clinical experienith

infectionsfrom XDR pathogens is still limitef?8].

The presenstudysupportsghe use of intravenouslistin asan effective treatment of
XDR-AB VAP, but our analysis showebdat colistin combinations (with carbapenems and/or
tigecycine) did not differ from colistin monotherapy in terms of mortality ristudies
comparing theeffectivenesf colistin combinations to colistin monotherapy in R{AB
infections are scarce and conflictingn a multicenter randomizedontrolledtrial comparing
colistin-rifampicin combinations to colistin monotherapy in X2 infections (the majority

of which were VAP), no difference was found in-@y mortality,infection+elated deat

11
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or length of stay between the two treatment af24$. On the other hand, an observational
multicente study of XDRAB bloodstream infectionsuggestedhat colistin combinations
had signifiantly lower irhospital mortality and higher microbiological eradication rates than
colistin monotherapy[22]. Even more perplexing is the fact that other studies report
conflicting results regarding thmpactof different colistin ombinations on patient survival.

In one studycombinations of colistin with sulbactam, tigecycline or hilgise carbapenems
had comparable 28ay survival rates which were significgnthigher than those in the
patient group that receivetbn-active antibiotic§7]. Another study involvinglifferenttypes

of infection due to XDRAB (most of which were VAP) in solid organ transplant patients,
reportedthat colistincarbapenem combinations had significantly highed@ survival rate
compared to other colistin combinations and other antibi¢®8k Discrepancies between
different studies mayhave resulted fromheterogeneity in microblogical properties,
infection typesand antibiotic dosing scheme$,Rp3, but may also have arisen because of

small sample sizes ardhighpotentialfor confounding and selection bias [9].

Important implicationdrom promoting combination therapy as a standard of care
should also be emphasized. We have previously demonstrated the role of treatment and
duration of treatment with combinations of fluoroquinolones and carbapenefused
coincidently or sequentiallyh increasing the risk of subsequent infection with carbapenem
resistantKlebsiella pneumoniae [32]. Unnecessary use of combination therapgy also
result in increased &althcare costs, selection pressure in hospitals whelt@rugresistant
or XDR pathogens are already established, persistence of colonizatiancieadedisk of

side effects or other adverse events sudblegridiumdifficile infection [9,24].

There are limitations and strengths in this study that should be acknowlédgedf
all, the fact that this was a singtentre study may limit the generalizability of our results.

Secondly, dspite the fact that the electronic records in our ICU were complete and missing
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values were not an issue, the retrospective nature of the study did not allow udyto safe
document antibiotic toxicity. Another issue is the subjectivity in the diagnosiABt Yhe
nearly complete randomnessithe level ofagreement between observers has been previously
demonstrate3], while in another study, interobserver agreement was low for diagnosis of
VAP compared to other infection types in the I{34]. Requiring a combination of clinical,
microbiological and radiological parameters to confirm diagnosis increlasdikelihood of
variability, butconfidencem the diagnosis of VAP is higher when specdiinical signsare
present34,35] In our ICU,in an effort to limit variability in the diagnostigrocedureall

infections are discussed between clinical staff and infectious diseasesaisys

On the other handhis studyis one ofthe largest series of XDRB infections
reported to datelhe fact that we focused exclusively &DR-AB VAP is a strong pointn
this study, as AB is among the most frequent causes of VAP worldWidéherstrengths in
this study include the high percentage of active empirical treatwigich limitsthe potential
for a confounding effect omlefinitive therapy,andthe use of optimal intravenous antibiotic
dosing. Indeedpur patients received highogle and prolonged infusion of carbapenems; a
loading dose of colistin; and high daily dose of tigecycline. Compared to conventional doses,
these dosing schemes have been confirmed to be more efficacious in achiewviegitad
pharmacokinetic targets and result in higher rates of clinical resfi2®29]. Moreover the
main treatment groups compared in this study had similar baseline charastenshicere
well balanced in important confoundems¢luding disease severity and comorbidity indices
upon admission in the ICU, length of stay and duration of mechanical ventilation before the
onset of infection and prognosis at the onset of the infeaBameasured by the APACHE I

score.

5. Conclusion
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The risk profile for XDRAB VAP is characterized by high disease severity and comorbidity
indexes, long hospital and ICU stay, long duration of mechanical ventilation and prior
exposure to several antitics. Mortality following XDR-AB VAP remains high even when
empirical and definitive treatment regimens are active in vitmravenous colistin is an
effective first-line antimicrobial against VAP in settings where XDRB is endemic.
However, olistin-based combination therapjoesnot appear to offermproved survival
compared to colistin monotherapgpposingthe introduction of combination therapy as

standard treatment against XB¥B VAP.

Conflicts of Interest: None
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Ethical Approval: The study was approved by the hospital's Ethics Committee.
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454 Tablel
455 Characteristics of patients with extensively dragistant A. baumannii ventilatorassociated pneumonia
456 according to definitivactivetreatment regimen
Monotherapy Combination
Variable (n=55)"¢ therapy (n=29)'  p-value
Age (years), median (IQR) 66.0 (55.0-77.0) 57.0 (38.0-68.0) 0.018
Female sex, no. (%) 14 (25.5) 5 (17.2) 0.392
ICU admission thgnosis, no. (%) 0.518
Septic shock Multiorgan failure 8 (14.5) 3(10.3)
Acute respiratory failure 20 (36.4) 7 (24.1)
Acute trauma 11 (200) 9 (31.0)
Neurosurgery 11 (20.0) 5(17.2)
Other 5 (9.1) 5(17.2)
Charlson comorbidity inex, median (IQR) 3.0 (0.65.0) 1.0 (0.0-4.0) 0.159
Rapidly fatal underlying disease, r{#0)? 36(65.5) 24(82.8) 0.095
Length of hospital stay (days), dian (IQR} 14.0 (8.0-25.0) 13.0 (9.0- 18.0) 0.696
Length of ICU stay (days), median (IGR) 11.0 (6.0~ 16.0) 12.0 (7.0- 14.0) 0.578
Duration of mechanical ventilation (days), medi 11.0 (6.0- 15.0) 10.0 (7.0~ 16.0) 0.966
(IQRY’
APACHE Il scoremedian (IQR) 20.0 (12.0-22.0) 19.0(15.0-21.0) 0.607
Polymicrobial infection, no. (%) 26 (47.3) 16 (55.2) 0.491
Secondary bacteraemia, no. (%) 12 (21.8) 3(10.3) 0.192
Concurrent infection, no. (%) 5(9.3) 3 (10.3) 0.852
In vitro susceptibility to antibiotics, n¢%)
Imipenemsusceptible isolate 55 (100) 29 (100)
Tigecyclinesusceptible isolate 10 (18.2) 12 (41.4) 0.024
Colistin-susceptible isolate 55 (100) 29 (100)
457
458 IQR, interquartile range; ICU, intensive care unit; APACHE, Acute Blygy and Chronic Health Evaluation.
459 a. Measured at time of admission in the ICU according to the McQableson classification.
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460 b. Measured before the onset of infection.

461 c. Measured at the onset of infection.

462 d. Excluding patients infected with a pandmgsgistantstrain and those who died within 48 h of infection
463 onset.

464 e. Treatment with one in vitro active agent.

465 f.  Treatment with two or more in vitro active agents.

466

467
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468 Table2
469  All cause 28day mortality of patients with extensively drugsistantA. baumannii ventilatorassociated

470 pneumonia according to definitive treatment regimen

No. of patient’ Mortality
Antibiotic regimen Total Survived Died %
Active combination therapy
Colistin + tigecycline 29 21 8 27.6
Active monotherapy 55 38 17 30.9
Colistin 15 8 30.9
Colistin + carbapenem 15 5 34.8
Colistin + tigecycline 5 3 25.0
Colistin + tigecycline + carbapenem 3 1 37.5
No active agent 6" 2 4 66.7
471 a. Three patients died within 48 h after infection onset before antibiotiestitsdity results were
472 available and were excluded from analysis.
473 b. All six patients were infected with panresistAninetobacter baumannii.

474

475

476

477

478

479

480

481

482
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483

484

Table3

Analysis of factors associated with-aluse 28lay mortality in 84 patients with extensively dmggistantA. baumannii vertilator-associated pneumonia

Variable Survived (n=59) Died (n=25§ Unadjusted effett Adjusted effect
Hazard Ratio (95% Cl)  p-value Hazard Ratio (95% CI)  p-value

Age (years), median (IQR) 57.0 (41.0-72.0) 74.0 (68.0-78.0) 1.05 (1.02 1.08) <0.001 1.05 (1.02-1.09)' 0.001
Female sex, no. (%) 10 (16.9) 12 (36.0) 2.75 (1.21- 6.26) 0.023
ICU admission diagnosis, no. (%) 0.338

Septic shock Multiorgan failure 8 (13.6) 3 (12.0) 1.57 (0.26-9.40)

Acute respiratory failure 17 (28.8) 10 (40.0) 2.28 (0.50-10.40)

Acute trauma 17 (28.8) 3(12.0) 0.84 (0.14-5.04)

Neurosurgery 9 (15.3) 7 (28.0) 2.64 (0.55-12.69)

Other 8 (13.6) 2 (8.0) Ref.
Charlson comorbidity index, median (IQF 16.0 (13.0-20.0) 21.0 (16.0-28.0) 1.25 (1.08- 1.44) 0.002
Rapidly fatal underlying disease, r{#)? 39 (66.1) 21 (84.0) 2.19 (0.75-6.39) 0.117 2.64 (0.98-9.17) 0.054
Length of hospital stay (days), medii 14.0 (8.0-24.0) 12.0 (10.0-18.0) 0.98 (0.94 1.01) 0.137 0.96 (92— 1.00} 0.035
(IQR)”
Length of ICU stay (days), median (IR) 11.0 (6.0- 16.0) 11.0 (5.0-13.0) 0.98 (0.94 1.02) 0.168
Duration of mechanical ventilation (days 11.0 (6.0-16.0) 10.0 (7.0-13.0) 0.98 (0.94 1.02) 0.188

median (IQR)
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485

486

487

488

489

490

491

492

493

494

APACHE Il score, median (IQR)
Polymicrobial infection, no. (%)
Secondary bacteraemia, no. (%)
Concurrent infection, no. (%)
Infection complication, no. (%)
Active empirical treatment, n@%o)
Active definitive treatment, no. (%)
Monotherapy

Combination therapy

19.0 (11.0-22.0)
30 (50.8)

12 (20.3)

4 (6.8)

15 (25.4)

53 (89.8)

38 (64.4)

21 (35.6)

21.0 (19.0- 25.0)
12 (48.0)
3(12.0)

4 (16.0)

13 (52.0)

22 (88.0)

17 (68.0)

8 (32.0)

1.07 (1.01- 1.13)
0.86 (0.39 1.89)
0.54 (0.16- 1.81)
1.58 (0.54 4.61)
2.48 (1.13 5.45)

0.83 (0.25-2.78)

Ref.

0.79 (0.34 1.84)

0.020

0.706

0.284

0.426

0.025

0.770

0.581

1.06 (0.99- 1.14} 0.072
1.03(0.32-4.57) 0.967
0.791

Ref.

0.88 (0.35-2.38)

IQR, interquartile range; ICU, intensive care unit; ABAE, Acute Physiology and Chronic Health Evaluation; HR, hazard i@tjogonfidence interval; Ref., reference

category.

a. Measured at time of admission in the ICU according to the McQableson classification.

b. Measured before the onset of infection.

c. Measired at the onset of infection.

d. Patients who received at least one active antibiotic.

e. Excludes patients infected with a pandregistant strain and those who died within 48 h of infection onset.

f.  Univariate Cox proportional hazards regression

g. Multivariable Cox proportional hazards regression. Likelihood ratio test = 25.205, d&6.6(1.

h. Hazard ratio corresponds to a unit increase in the continuous scale of thievariab
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495 Fig. 1. KaplanMeier survival estimates for death at 28 days after the onset exisaxtly
496  drugresistantAcinetobacter baumannii ventilatorassociated pneumonia according to type of
497 treatment: combination therapy (solid line) versus monotherapy (dashed In8)582 (log

498  rank test).
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500 Fig. 2. KaplanMeier survival estimates for déaat 28 days after the onset of extensively
501 drug+esistant Acinetobacter baumannii ventilatorassociated pneumonia according to
502 treatment regimen by le@nk test: (i) Active colistin vs active colistin + inactive
503 carbapenem, P=0.580; (ii) Active colistin vs active colistin + inactive tadeey P=0.852;
504  (iii) Active colistin vs active colistin + active tigecycline, P=0.455; (iv) Active ¢wmlis-

505 inactive carbapenem vs active colistin + inactive tigecycline, P=0.740; (v) Actiigéirce

506 inactive carbapnem vs active colistin + active tigecycline, P=0.976; (vi) Active colistin +

507 inactive  tigecycline vs active colistin + active tigecycline, P=0.701.
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