
Vol.:(0123456789)

Infect Dis Ther (2024) 13:2351–2362 
https://doi.org/10.1007/s40121-024-01042-w

ORIGINAL RESEARCH

Combination Versus Monotherapy 
for Carbapenem‑Resistant Acinetobacter Species 
Serious Infections: A Prospective IPTW Adjusted 
Cohort Study

Abi Manesh · Mithun Mohan George · Prasannakumar Palanikumar · V. Nagaraj · Kundakarla Bhanuprasad · 

Ramya Krishnan · G. Nivetha · Binesh Lal · K. Rajitha Triveni · Priyanka Gautam · Biju George · Uday Kulkarni · 

Vikram Mathews · K. Subramani · Shoma Rao · Binila Chacko · Anand Zachariah · Sowmya Sathyendra · 

Samuel George Hansdak · Ooriapadickal Cherian Abraham · Ramya Iyadurai · Rajiv Karthik · John Victor Peter · 

Yin Mo · Balaji Veeraraghavan · George M. Varghese · David Leslie Paterson

Received: June 12, 2024 / Accepted: September 2, 2024 / Published online: September 25, 2024 
© The Author(s) 2024

ABSTRACT Introduction: International guidelines recom-
mend definitive combination antibiotic therapy 
for the management of serious infections involv-
ing carbapenem-resistant Acinetobacter (CRAB) 
species. The commonly available combination 
options include high-dose sulbactam, polymyx-
ins, tetracyclines, and cefiderocol. Scanty pro-
spective data exist to support this approach.
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Methods: Patients with CRAB bacteraemia, 
ventilator-associated pneumonia (VAP), or both 
were categorized based on whether they received 
combination therapy or monotherapy. The 
30-day mortality was compared between the two 
groups. Inverse probability treatment weighting 
(IPTW) was done using propensity score (PS) for 
a balanced comparison between groups.
Results: Between January 2021 and May 
2023, of the 161 patients with CRAB bacterae-
mia (n = 55, 34.2%), VAP (n = 46, 28.6%), or both 
(n = 60, 37.3%) who received appropriate intrave-
nous antibiotic therapy, 70% (112/161) received 
monotherapy, and the rest received combination 
therapy. The overall 30-day mortality was 62% 
(99/161) and not different (p = 0.76) between the 
combination therapy (31/49, 63.3%) and mono-
therapy (68/112, 60.7%) groups. The propensity 
score matching using IPTW did not show a sta-
tistical difference (p = 0.47) in 30-day mortal-
ity for receiving combination therapy with an 
adjusted odds ratio (OR) P of 1.29 (0.64, 2.58).
Conclusion :  Combination therapy for 
CRAB infections needs further study in a ran-
domised controlled trial, as this observational 
study showed no difference in 30-day mortal-
ity between monotherapy and combination 
therapy.

Keywords: Acinetobacter; Combination 
therapy; CRAB infections; Polymyxins

Key Summary Points 

Why carry out this study?

The combination therapy approach to 
managing carbapenem-resistant Acinetobacter 
(CRAB) infections, as international guidelines 
recommend, lacks robust prospective data.

Our study evaluated the efficacy of combi-
nation therapy and monotherapy in treat-
ing CRAB bacteraemia or pneumonia using 
inverse probability treatment weighting 
(IPTW) adjustments.

What was learned from the study?

The 30-day overall mortality after IPTW 
adjustments was not different among those 
receiving combination therapy vs mono-
therapy.

The receipt of combination therapy was not 
associated with improved adjusted 14-day 
mortality (odds ratio [OR] 2.01(0.67–5.99), 
p = 0.207).

Routine use of combination therapy for seri-
ous CRAB infections in areas with high sul-
bactam, minocycline, and tigecycline resist-
ance rates may not be effective and needs 
evaluation in a clinical trial.

INTRODUCTION

Carbapenem-resistant Acinetobacter species infec-
tions have limited therapeutic options. Recent 
Infectious Diseases Society of America (IDSA) 
guidelines highlight the lack of a “standard of 
care” for the treatment of these infections and 
emphasise the urgent need for comparative data 
on commonly used treatments and strategies [1]. 
Both IDSA and the European Society of Clini-
cal Microbiology and Infectious Diseases (ESC-
MID) recognise sulbactam as a key agent for the 
treatment of CRAB infections [1, 2]. However, 
the susceptibility cut-offs for sulbactam are not 
clearly defined and the minimum inhibitory 
concentrations (MICs) are often high in many 
areas of the world [3]. Polymyxins, despite their 
wide availability and high rates of in vitro sus-
ceptibility, are clearly associated with poor out-
comes [4, 5]. Tigecycline is seldom considered a 
standalone therapy for serious CRAB infections 
[6, 7]. The clinical experience with eravacycline 
for CRAB infections is still emerging. Cefiderocol 
and sulbactam durlobactam are often not availa-
ble in areas where CRAB infections are common.

Given such limitations and pending further 
data, the IDSA guidelines suggest consideration 
of combination therapy consisting of two active 
agents with high-dose sulbactam as a core com-
ponent [1]. The second agent could be tetracy-
clines, polymyxins, or cefiderocol, regardless of 
sulbactam susceptibility. ESCMID also supports 
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the use of combination therapy with any of the 
above agents in the treatment of such infections 
[2]. As the guidelines highlight, scanty prospec-
tive real-world data exist for these approaches. 
We report outcomes within a prospective cohort 
of CRAB bacteraemia and pneumonia patients 
for polymyxin monotherapy and combination 
therapy with the above agents.

METHODS

Study Design

This study evaluated the efficacy of combination 
therapy and monotherapy in treating CRAB bac-
teraemia or pneumonia on a large ongoing pro-
spective cohort of patients admitted to Christian 
Medical College, Vellore, India. Adult patients 
(age > 15 years) with laboratory-confirmed CRAB 
bacteraemia or pneumonia, from January 2021 
to May 2023, receiving appropriate antibiotic 
therapy, were included in the study. The screen-
ing for CRAB pneumonia was started after the 
bacteraemia cohort and included patients from 
May 2022 to May 2023.

The study designated the date when the first 
positive culture sample was obtained as the 
“index date”. Each patient was included only 
once in the study. All the relevant data of the 
patients were recorded from the medical charts 
and electronic platform available at the insti-
tution onto a standardised case report form 
(CRF). CRF included demographic details such 
as age and gender, information regarding previ-
ous antibiotic usage within the 30 days preced-
ing the index date, any previous or concurrent 
infections, and known comorbidities summa-
rised using the Charlson Comorbidity Index. 
In addition, clinical details like the presence of 
septic shock, neutropenia, existing malignan-
cies, renal injury, need for dialysis, duration of 
hospital stay, type of antibiotic therapy, and any 
delays in receiving appropriate treatment were 
also recorded. Mortality risk scores like Pitt bac-
teraemia score (PBS) and increment score (ICS) 
were calculated for all the CRAB bacteraemia 
cases in the study. The primary clinical team was 
responsible for all management decisions of the 

patients, including the selection of antibiotics 
and implementation of source control meas-
ures. Though our institutional antibiotic guide-
line prefers polymyxin B for the management 
of CRAB pneumonia, prescribers can still tailor 
the therapy accounting for severity, duration of 
illness, concurrent bacteraemia, and polymyxin 
toxicity, allowing them to choose between any 
monotherapy and combination therapy. The pri-
mary treatment of CRAB in the Indian setting is 
polymyxin-based therapy, as access to sulbactam 
and susceptibility testing is not available. The 
dosages of these drugs are based on a uniform 
hospital antibiotic policy. Our regular dose used 
in the study is polymyxin B 15 lakh unit loading 
dose followed by 7.5 lakh units twice daily and 
colistin-9MU loading dose followed by 3MU IV 
thrice daily, with colistin renal adjusted when-
ever indicated. Similarly, 9 to 12 g of sulbactam 
was used as part of combination therapy. Both 
tigecycline and minocycline were used with a 
200 mg loading dose followed by 100 mg twice 
daily. The primary study outcome was the 
assessment of all-cause mortality at day 30. The 
patients were followed up at day 30, either in 
person or via telephone to assess the primary 
outcome.

Definitions

As per the Clinical Laboratory and Standards 
Institute (CLSI) guidelines, resistance to either 
meropenem or imipenem was identified as car-
bapenem resistance. Colistin and sulbactam 
MIC were done by microbroth dilution, while 
tigecycline and minocycline were done by either 
E test or microbroth dilution. Sulbactam break-
point for non-susceptibility was considered to 
be > 8 mg/l by CLSI guidance for Acinetobacter 
baumannii based on ampicillin sulbactam combi-
nation [8]. Intermediate susceptibility for colis-
tin, tigecycline, minocycline, and sulbactam was 
considered susceptible for analysis. VAP was con-
firmed by a two-step process. The research nurse 
visited all the ICUs daily to identify patients 
with potential VAP. An infectious diseases con-
sultant reviewed these patient details based on 
clinical, radiological, and microbiological find-
ings in a patient intubated for > 48 h. There 
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should be a discrete clinical syndrome of sus-
tained respiratory worsening with new or wors-
ening infiltrate on chest imaging and microbio-
logical culture isolating organisms with CFUs > 
 105 with validating smear to be included in the 
study. We intentionally used specific criteria to 
confirm the diagnosis to reduce the misdiag-
nosis. Previous serious bacterial infection was 
defined as a severe bacterial infection, such as 
pneumonia, bacteraemia, or meningitis, isolated 
within a span of 30 days prior to the initial pres-
entation. A delay in appropriate antibiotic ther-
apy was identified as a failure to start treatment 
using antibiotics, to which the pathogen has no 
documented resistance, within 24 h following 
the collection of a positive blood sample.

Statistical Analysis

Patients were stratified as combination therapy 
and monotherapy groups for analysis based on 
the treatment received from the index date to 
the 30-day follow-up period. All clinical and 
microbiology data were compared between treat-
ment groups. Baseline characteristics and clini-
cal events were presented as frequencies with 
proportions for categorical variables and mean 
with standard deviation (SD) or median with 
interquartile range (IQR) for continuous varia-
bles. Statistical comparisons for continuous vari-
ables were done using Student’s t test and Mann-
Whitney U test, while Pearson’s chi-square test 
or Fisher’s exact test was applied to categorical 
variables. All estimates were presented with 95% 
confidence intervals (CI).

To adjust for baseline differences between 
the treatment groups, we estimated propensity 
scores (PS) for all patients in the study. The PS 
for each patient was calculated as a probabil-
ity from a logistic regression model with treat-
ment groups as the dependent variable and 
all clinically relevant characteristics that can 
affect the treatment selection and outcome as 
independent variables. We used inverse prob-
ability of treatment weighting (IPTW) based on 
PS to balance baseline differences between the 
two treatment groups after comparing other 
matching techniques (see Table S2a and S2b). 
Variables in the model were well balanced after 

IPTW adjustment with no standardised differ-
ences > 0.1. The distribution of standardised dif-
ferences before and after matching was plotted 
to visually diagnose balancing after IPTW (see 
Figure S3a and S3b). Univariate analysis was per-
formed using logistic regression analysis for each 
variable with 30-day all-cause mortality as the 
outcome. Odds ratio (OR) with 95% CI was cal-
culated. Estimates comparing treatment groups 
were adjusted using IPTW. All variables that were 
significantly different in the univariate analysis 
were added to the multivariate model. A multi-
variate logistic regression analysis was done for 
the primary and secondary outcomes, including 
the treatment groups, to estimate the adjusted 
odds ratio. We used STATA 16 (StataCorp. 2019. 
Stata Statistical Software: Release 16. College Sta-
tion, TX: StataCorp LLC) for statistical analysis 
and visualisations (Fig. 1).

The study was conducted in accordance with 
the 1964 Helsinki Declaration and its later 
amendments. The ethical approval for the study 
was obtained from the Institutional Review 
Board and ethics committee of Christian Medi-
cal College, Vellore, Tamil Nadu, India (IRB min-
ute nos. 14134 and 14427). Informed consent 
was obtained from each patient or their family 
members for access to clinical data and publica-
tion prior to enrolment.

RESULTS

Demography

Between January 2021 and May 2023, we iden-
tified 164 patients admitted to our hospital 
with CRAB bacteraemia or VAP who received 
appropriate intravenous antibiotic therapy. 
Three patients who were discharged before 
30 days could not be recontacted to assess pri-
mary outcome and hence were excluded from 
the analysis. Seventy per cent of included 
patients received monotherapy (112/161), and 
the rest received combination therapy. Among 
our patients, 46 (28.57%) had ventilator-asso-
ciated pneumonia (VAP) and 55 (34.16%) had 
bacteraemia; 60 (37.27%) had both. Among 
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the 112 patients who received monotherapy, 
25 were treated with colistin and 73 received 
polymyxin B. Both polymyxins were given 
interchangeably for 14 patients.

Baseline Characteristics

Baseline characteristics were comparable across 
the two cohorts (Table 1). The mean age of the 

19 (38.8%)

13 (26.5%)

11 (22.4%)

3 (6.1%)

Polymyxin + Sulbactam

Polymyxin + Tigecycline

Polymyxin + Others

Tigecycline + Sulbactam

Polymyxin + Minocycline

Sulbactam +  CAZ AVI

Others include CAZ AVI(5), Tigecycline + Sulbactam(4) and Minocycline + Sulbactam(2)

Fig. 1  Distribution of various combination therapies received by the study participants. Others include CAZ AVI (5), tige-
cycline + sulbactam (4), and minocycline + sulbactam (2)
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cohort was 46.14 (SD 16.24) years with male 
predominance (114/161, 71%). Neutropenia 
was present in 9% (14/161) of the study par-
ticipants, and most received monotherapy (11 
vs 3). The presence of existing malignancies 
was noted among 21 patients with no signifi-
cant difference between the treatment groups. 
The median Charlson comorbidity index score 

observed in the study cohort was 2 (IQR 0–3) 
and was similar in the two treatment groups. 
The median duration of antibiotic therapy in 
our cohort was 6 (IQR 3–9) days with a signifi-
cant difference between the monotherapy and 
combination therapy group (5 vs 6, p = 0.046). 
Previous serious bacterial infection was pre-
sent in 84 (52.17%) patients. A significant 

Table 1  Baseline characteristics among patients receiving combination therapy vs monotherapy

Values in parentheses indicate percentage unless specified
SD standard deviation, IQR interquartile range, CKD chronic kidney disease, VAP ventilator-associated pneumonia
a Duration of antibiotic therapy in the combination therapy group was measured from the day of initiation of combination 
drugs
b Septic shock was captured on or 48 h before the index date in the monotherapy group and on or 48 h before therapy initia-
tion in the combination therapy group
c A delay in appropriate antibiotic therapy was identified as a failure to start treatment using antibiotics, to which the patho-
gen has no documented resistance, within 24 h following the collection of a positive blood sample

Total (n = 161) Combination (n = 49) Monotherapy (n = 112) p value

Demographic details

 Age, mean (SD) years 46.14 (16.24) 43.71 (16.93) 47.21 (15.88) 0.209

 Gender

  Male 114 (70.81) 36 (73.47) 78 (69.64) 0.623

  Female 47 (29.19) 13 (26.53) 34 (30.36)

Infection details

 Type of infection

  VAP 46(28.57) 18(36.73) 28(25)

  Bacteraemia 55(34.16) 12(24.49) 43(38.39) 0.164

  Bacteraemia and VAP 60(37.27) 19(38.78) 41(36.61)

 Charlson comorbidity index, median IQR 2 (0–3) 2 (0–3) 2 (0–3) 0.392

 Duration of antibiotic  therapya (median, IQR 
days)

6 (3–9) 6 (4–10) 5 (2–9) 0.046

 Known CKD at baseline (n = 156) 18 (11.54) 3 (6.12) 15 (14.02) 0.152

 Previous carbapenem exposure (n = 156) 127 (81.41) 44 (89.80) 83 (77.57) 0.068

 Previous serious bacterial infection 84 (52.17) 28 (57.14) 56 (50) 0.404

 Concomitant bacterial infection 91 (56.52) 33 (67.35) 58 (51.79) 0.067

 Septic  shockb 129 (80.12) 37 (75.51) 92 (82.14) 0.332

 Requirement of dialysis 26 (16.15) 6 (12.24) 20 (17.86) 0.373
 Delay in appropriate antibiotic  therapyc 63 (39.13) 15 (30.61) 48 (42.86) 0.143
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proportion had previous carbapenem exposure 
(127, 81.41%). Ninety-one (56.52) patients had 
other concomitant bacterial infections. Septic 
shock was present in 129 (80.12%) patients 
and 26 (16.15%) required dialysis. There was 
a delay in initiating antibiotics (> 24 h from 
index culture) in 30.6% of combination ther-
apy patients and 42.9% in the monotherapy 
group (p = 0.143).

Our cohort consisted of severely ill patients 
with 97% admitted to an ICU during their hos-
pital stay. All patients (n = 49) in the combina-
tion therapy group required ICU stay compared 
to 95.5% (107/112) in the monotherapy group. 
PBS and ICS observed were higher with a median 
PBS of 6 (IQR 4–6) among bacteraemias, simi-
lar in the two treatment groups. The mean ICS 
among the bacteraemias was 11.53 (SD 3.94) 
and was significantly higher in the combina-
tion therapy group (12.77 vs 11.06, p = 0.039). 
Persistent bacteraemia was noted among 31% 
(15/49) receiving combination therapy and 12% 
(13/112) in the monotherapy group. Among the 
patients who received combination therapy, 
38.8% received polymyxin with sulbactam, 
26.5% received polymyxin with tigecycline, 
22.4% received polymyxin with others, 6.1% 
received tigecycline with sulbactam, and 4.1% 
received polymyxin with minocycline. The pri-
mary outcome analysed for different combina-
tions did not display any statistical difference 
between various drug combinations and against 
monotherapy.

Antimicrobial Susceptibility

The susceptibility for colistin, minocycline, tige-
cycline, and sulbactam was 156/157 (99.36%), 
29/52 (55.76%), 61/94 (64.9%), and 3/50 (6%), 
respectively. Among patients who received mon-
otherapy, the susceptibility for colistin was 100% 
while susceptibility for the other drugs using 
minocycline, tigecycline, and sulbactam was 
14/31 (45%), 37/59 (62.7%), and 1/29 (3.4%), 
respectively. The predominant combination 
therapies used were polymyxin with sulbactam 
(19/49, 38.8%) and polymyxin with tigecycline 
(13/49, 26.5%). Among the patients receiv-
ing polymyxin and sulbactam combination, 

11/19 had susceptibility reports available for 
both. Only one isolate was susceptible to both. 
Among patients who received polymyxin and 
tigecycline combination, 9/13 had susceptibil-
ity reports for both, of which 8/13 patients were 
susceptible to both.

Forty-three per cent of our patients (21/49) in 
the combination therapy group received a com-
bination with both drugs susceptible. Among 
them, 71.4% (15/21) had primary outcome, 
and 12 succumbed to death within 14 days of 
the index date. Among people who received a 
therapy where the combination drug was resist-
ant, 42.8% (6/14) had the primary outcome 
(p = 0.47). Notably, five patients received sulbac-
tam along with polymyxin, where sulbactam 
was resistant (MIC > 8), and one patient received 
tigecycline with colistin, where tigecycline was 
resistant.

Primary Outcome

The overall 30-day mortality was 62% (99/161), 
where 63.27% (31/49) and 60.71% (68/112) 
were recorded in the combination therapy and 
monotherapy group, respectively. Unadjusted 
OR for primary outcome among people receiv-
ing combination therapy was 1.11 (0.55, 2.22), 
p = 0.760. The propensity score matching using 
IPTW did not show any statistical difference 
in 30-day mortality for receiving combination 
therapy with an adjusted OR of 1.29 (0.64, 2.58), 
p = 0.469.

Secondary Outcomes

Among the 99 deaths in our cohort, 87 (87.8%) 
happened by day 14. The receipt of combina-
tion therapy was not associated with improved 
adjusted 14-day mortality [OR 2.01 (0.67–5.99), 
p = 0.207].

The other secondary outcomes of interest 
were the duration of total hospital stay and 
hospital stay after infection onset. Duration of 
total hospital stay was significantly higher in 
the combination therapy group (29 vs 15), and 
the same was noticed with days of hospital stay 
after bacteraemia or pneumonia isolation (13 vs 
7.5) (Table 2). Increasing age, patients having 
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both bacteraemia and VAP, and septic shock 
were associated with poorer outcomes, while 
increased duration of antibiotic therapy was 
associated with better outcomes in univariate 
analysis. In multivariate analysis, patients hav-
ing bacteraemia or both bacteraemia and VAP 
and septic shock were independent risk factors 
for mortality (See Table S6).

DISCUSSION

Our study provides real-world outcome data on 
combination strategies from an area with high 
rates of sulbactam non-susceptibility. Glob-
ally, over half of A. baumannii isolates are car-
bapenem resistant [3]. Few treatment options 
exist for these infections, with mortality rates 
reaching up to 60%. In view of poor clinical 
outcomes, most guidelines suggest combination 
therapies for serious CRAB infections. However, 
multiple RCTs evaluating various combination 
strategies including both in vitro susceptible and 
resistant agents have failed [9–13].

In most areas of the developing world, with 
a significant number of CRAB infections, poly-
myxins remain the practical first-line treatment 
option. Non-availability of novel agents like cefi-
derocol or sulbactam durlobactam and high rates 
of sulbactam resistance are the important rea-
sons. In this context, our results are particularly 

important. In this situation, the potential com-
bination options include high-dose sulbactam, 
minocycline, or tigecycline. Even after adjusting 
for various clinically relevant factors, combina-
tion approaches with any of the above agents 
were not associated with improved outcomes in 
our cohort (Table 3).

Conflicting data exist in the literature regard-
ing combination strategies for treating CRAB 
infections. A large network meta-analysis includ-
ing 18 studies (7 RCTs and 11 observational 
studies) and 1835 patients with CRAB infections 
recently evaluated the efficacy of high-dose sul-
bactam versus polymyxin-based combinations 
[14]. No treatment regimen was associated with 
improved all-cause mortality. Colistin with 
sulbactam or carbapenem was associated with 
lesser nephrotoxicity in relation to other regi-
mens. Clinical cure and improvement were bet-
ter with high-dose sulbactam with carbapenem 
or levofloxacin compared to colistin alone (RR 
2.95, 95% CI 1.03–8.40) or colistin in combina-
tion with high-dose sulbactam (RR 2.30, 95% 
CI 0.79–6.66). However, these findings need a 
cautious interpretation in view of the limited 
number of patients in the sulbactam group.

A second network meta-analysis, utilis-
ing the Bayesian approach, reported on 
2118 adult patients with Acinetobacter spp. 
pneumonia from 23 studies [15]. The meta-
analysis included patients with MDR Acineto-
bacter spp. in general and did not prespecify 

Table 2  Primary and secondary outcomes among treatment groups

Values in parentheses indicate percentage unless specified
IQR interquartile range

Study outcomes Total (n = 161) Combina-
tion (n = 49)

Monotherapy (n = 112) p value

Primary outcome

30-day mortality 99 (61.5) 31 (63.27) 68 (60.71) 0.760

Secondary outcome

14-day mortality 87 (54.04) 26 (53.06) 61 (54.46) 0.869

Duration of total hospital stay, median IQR days 18 (11–32) 29 (19–38) 15 (8.5–23.5)  < 0.001
Duration of hospital stay after VAP/bacteraemia 

isolation, median IQR days
8 (3–19) 13 (6–24) 7.5 (3–16) 0.001
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Table 3  Bivariate regression analysis of factors associated with 30-day mortality

Bold indicates p value of less than 0.05 which are  considered significant
Values in parentheses indicate percentage unless specified
OR odds ratio, CI confidence interval, SD standard deviation, IQR interquartile range, CKD chronic kidney disease, VAP 
ventilator-associated pneumonia
a Duration of antibiotic therapy in the combination therapy group was measured from the day of initiation of combination 
drugs
b Septic shock was captured on or 48 h before the index date in the monotherapy group and on or 48 h before therapy initia-
tion in the combination therapy group
c A delay in appropriate antibiotic therapy was identified as a failure to start treatment using antibiotics, to which the patho-
gen has no documented resistance, within 24 h following the collection of a positive blood sample

30-Day mortality

Demographic details Death (n = 99) Alive (n = 62) OR (95% CI) p value

Age, mean (SD) years 48.24 (14.99) 42.80 (17.67) 1.02 (1.00–1.04) 0.040

Gender

 Male 73 (73.74) 41 (66.13) 1.43 (0.72, 2.86) 0.303

 Female 26 (26.26) 21 (33.87) Ref

Infection details

 Type of infection

  VAP 20 (20.20) 26 (42.62) Ref

  Bacteraemia 33 (33.33) 20 (36.07) 1.95 (0.88–4.31) 0.099

  Bacteraemia and VAP 46 (46.46) 13 (21.31) 4.27 (1.85–9.84) 0.001

 Charlson comorbidity index, median IQR 2 (0–3) 1 (0–3) 1.06 (0.90–1.24) 0.444

 Duration of antibiotic  therapya,  median days 3 (2–7) 8 (6–12) 0.81 (0.75–0.89)  < 0.001

 Known CKD at baseline (n = 156) 11 (11.46) 7 (11.67) 0.97 (0.35–2.68) 0.968

 Previous carbapenem exposure (n = 156) 80 (82.47) 47 (79.66) 1.20 (0.52–2.73) 0.662

 Previous serious bacterial infection 57 (57.58) 27 (43.55) 1.75 (0.92–3.33) 0.084

 Concomitant bacterial infections 50 (50.51) 41 (66.13) 0.52 (0.27–1.00) 0.053

 Septic  shockb 90 (90.91) 39 (62.90) 5.89 (2.50–13.89)  < 0.001

 Requirement of dialysis 17 (17.17) 9 (14.52) 1.22 (0.50–2.93) 0.656

 Duration of hospital stay after VAP/bacteraemia 
isolation,  median IQR days

5 (2–8) 23 (13–31) 0.82 (0.78–0.88)  < 0.001

 Delay in appropriate antibiotic  therapyc 31 (31.31) 32 (51.61) 0.42 (0.22–0.82) 0.011

Treatment details

 Combination therapy 31 (31.31) 18 (29.03) 1.11 (0.55–2.22) 0.760

 Mono therapy 68 (68.69) 44 (70.97) Ref
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carbapenem-resistant isolates alone. The over-
whelming majority of patients included in the 
analysis received colistin alone or in combi-
nation with carbapenems. Sulbactam alone 
was superior to colistin monotherapy but not 
to high-dose sulbactam therapy. The authors 
attributed these contradictory findings to prob-
able high rates of sulbactam resistance in the 
included studies. A third meta-analysis includ-
ing 29 studies with 2529 patients also reported 
no difference in mortality rates between the 
various treatments [16].

Sulbactam susceptibility cannot be assumed 
in many areas with CRAB infections globally. 
The current CLSI susceptibility cut-off for sul-
bactam is 4 mg/l, based on ampicillin-sulbac-
tam at maximum approved doses of 3 g (2 g 
ampicillin and 1 g sulbactam) every 6 h [8]. 
Among a global collection of 1722 Acinetobacter 
isolates, only about half were susceptible [3]. 
Among carbapenem-resistant isolates, the pro-
portion was close to 90%. Even after increas-
ing the dose (3 g every 8 hourly) and infusion 
time (4 h), PK/PD targets may not be achieved 
in more than half the patients with sulbactam 
MICs ≥ 32 mg/l [17, 18]. This will be 88% of 
our testing isolates. The clinical experience 
with sulbactam among patients with such high 
MICs is also limited. Importantly, the suscepti-
bilities for minocycline and tigecycline are also 
not high in many areas with high CRAB rates.

Our study has two potential implications. 
Within the limitations of the study design, 
in areas with high rates of partner drug resist-
ance, “Combination therapy in CRAB requires 
further evaluation in randomized controlled 
trials, as the available trials show no benefit 
and the current data for potential benefit 
is from uncontrolled and often unadjusted 
observational data.” Also, when evaluating 
novel agents like sulbactam durlobactam, the 
standard of care antibiotic needs to be decided 
based on local resistance patterns. Polymyxins 
probably should be studied as a standard of 
care in areas with high sulbactam MICs. Novel 
approaches like the Personalised RAndomised 
Controlled Trial (PRACTical) design can accom-
modate such different standards of care within 
a single trial [19].

Limitations

Our study has several limitations. Observa-
tional design, despite the efforts for matching, 
may be misleading in evaluating interventions. 
The sample size in our study is relatively small. 
The timing and use of specific combination 
agents were not predetermined, which can lead 
to bias. Our index date for outcome analysis 
was the date when the positive sample was col-
lected and not the initiation of therapy.

CONCLUSIONS

In summary, we suggest caution in the routine 
use of combination therapy for serious CRAB 
infections in areas with high rates of sulbac-
tam, minocycline, and tigecycline resistance.
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