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§ To comprehensively summarize the evidence on the available antibiotic 
options for the treatment of sepsis sustained by CR- GNB (Acinetobacter spp.,
P. aeruginosa and  Enterobacteriaceae), including data

§ in vitro
§ [in vivo (animal)]
§ on humans

§ To investigate the prescription habits and attitudes of clinicians usually
dealing with the treatment of CR-GNB in both pediatric and adult populations
from a global perspective

Savoldi, BMC Infect Dis 2021; Carrara, CMI 2021; Scudeller, Int J Antimicr Agents 2021

COHERENCE: COmbination tHERapy to treat sepsis due to carbapenem-resistant Gram 
negative bacteria in adult and pediatric population EvideNCE and common practice



Carrara & Tacconelli, CMI 2021

The prescribers’ perspective
36-item questionnaire addressing the following
aspects of antibiotic prescribing:
• Diagnostic and therapeutic availability
• Preferred antibiotic strategies and rationale

for selecting combination therapy

1012 respondents from 95 countries: adjusted by
respondent's background, number of cases treated,
availability of diagnostics, and income category



The “concept of combination therapy”

ü According to respondents, ‘combination therapy’
must include antibiotics that retain some degree of in
vitro activity (321/783; 42% of respondents) or be
synergic (290/783; 38% of respondents).

ü Twenty per cent of respondents (150/783)
conceived ‘combination therapy’ as the simple
association of two or more antibiotic compounds,
regardless of their potential in vitro activity

Disagreement among respondents clearly reflects
the lack of a standardized definition for
‘combination therapy’ also in clinical studies, with
the result that there can be a misinterpretation and
poor generalizability of study results

Carrara & Tacconelli, CMI 2021

Options N °

The use of two or more antibiotics 
(irrespective of their in vitro 
activity)

150 
(19×7)

The use of two or more in vitro 
active antibiotics

321 
(42×1)

The use of two or more antibiotics 
shown to be synergistic in 
susceptibility tests

290 
(38×0)

I prescribe combination therapy 
very rarely 2 (0×3)

Total number of respondents: 783



§ Combination of two antibiotics (35%-45% of respondents depending on sepsis sources or

bacterial species) was the preferred strategy and a carbapenem plus a polymyxin the most prescribed
§ The number of regimens ranged from 40 regimens in CR-Acinetobacter spp. to more

than 100 regimens in CR-Enterobacteriales

§ Single antibiotic therapy was considered especially for CR-Acinetobacter spp. and CR-

Pseudomonas spp. (23%-37% and 26%-35% of respondents, respectively, depending on the sepsis

source)

§ Combination of three antibiotics was regarded as the preferred strategy by a lower number of

respondents (15%-20% depending on sepsis sources or pathogen type)

Respondents’ prescription strategies

Carrara & Tacconelli, CMI 2021



MORE THAN 100 POSSIBLE COMBINATIONS TO TREAT SEVERE INFECTIONS 
DUE TO CR-ENTEROBACTERALES



Reasons supporting the use of combination therapy
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Carrara & Tacconelli, CMI 2021

Reasons for prescribing combination therapy



The in vitro perspective

Scudeller L, Int J Antimicr Agents 2021

STUDY DESIGN

Systematic review and Network meta-analysis including pharmacokinetic/pharmacodynamic (PK/PD)  time–kill 

(TK) studies examining the in vitro efficacy of antibiotic combinations against CR-GNB

OUTCOMES
Primary outcome: in vitro synergy (> 2 log reduction in CFU/ml in bacterial kill/inhibition of combi compared to 

mono) -> high: Effect Size ≥ 0.75 / moderate: 0.35 < ES < 0.75  low: ES ≤ 0.35 / absent: ES = 0.

Secondary outcome: bactericidal effect [> 3 log 10 reduction in CFU/mL compared with pre-treatment 

counts] and re-growth rate [≥2 log 10 CFU/mL decrease of the initial colony count followed by an increase of 

≥1 log 10 CFU/mL at two subsequent timepoints (12 h and 24 h)].



Results
ü 108 combination 

regimens from 119
studies were included;

ü The most frequently 
analysed classes were 
polymyxins and 
carbapenems;

ü Quality assessment
was higher for PK/PD 
(65%) compared with 
TK (53%) studies.

Scudeller & Tacconelli, Int J Antimicr Agents 2021



In vitro synergy of antibiotic combinations against K.pneumoniae 
assessed by PK/PD ans TK studies

Scudeller & Tacconelli, Int J Antimicr Agents 2021

RE-GROWTH RATE

ü In TK studies, significant difference in re-growth

rate ( P < 0.05) was found between colistin

plus fosfomycin and monotherapies;

ü Significant differences in re-growth rates ( P < 

0.05) at 24 h were found for polymyxin B plus 

meropenem compared with the combination of 

polymyxin B plus rifampicin and for 

ceftazidime/avibactam compared with 
colistin alone in TK studies;

ü Lower re-growth trend at 12 h was shown in 

PK/PD studies for both polymyxin B and 
colistin plus fosfomycin (SUCRA = 0.8).

High in vitro 
SYNERGY 
for combi vs 
mono



Type of evidence supporting the use of combination therapy
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Carrara & Tacconelli, CMI 2021



Methods

§ Systematic review including observational comparative and non-comparative studies and

randomized trials examining any antibiotic option for CR-GNB.

§ Studies were included if reporting microbiologically-confirmed infection caused by target

microorganism, reporting at least one of the study outcomes, and definitive antibiotic treatment.

§Bayesian network meta-analysis approach was selected for quantitative synthesis to

explore feasibility of pooling data on antibiotic regimens

Outcomes

Primary outcomes were 30-day and attributable mortality.
Savoldi & Tacconelli, BMC Infect Dis 2021

The clinical perspective
Systematic reviews and meta-analysis



Combination therapy to treat severe CRE infections

Savoldi et al. BMC Infectious Diseases (2021)

ü 52 studies (4035 patients) assessed clinical outcomes in mono vs combi for CR-

Enterobacterales;

ü 64% of patients received an unspecified mono or combi treatment.

ü Among the ‘defined regimens’  26 regimens included, 8 were monotherapy, 12 

were dual therapy, 6 were triple therapy (1450 patients);

ü The most studied combinations were carbapenem + polymixin and polymixin + 
tigecycline. 

ü The most studied monotherapies were polymixin alone or new BL/BLIs; 

ü Heterogeneous and scattered reporting  of 

key-clinical and microbiological  variables

ü The NMAs could not be performed for  any 

of the selected outcome given the  presence of 

too many disconnected  components



Confounding (95% of the studies) 
Often the analysis is unadjusted due to low sample 
size or due to the non-homogeneous reporting of 
relevant variables (i.e., patient severity)

Deviation (74% of the studies)
Antibiotics are often modified during a 
treatment course with possible 
‘contamination’ between arms

Selection (88% of the studies) 
Treatment might be selected according to patients’ 
conditions (i.e., combination reserved to patients 
with better chance of survival)

Classification (86% of the studies) 
There is no uniform definition of ‘combination’ 
(double vs triple, proven in vitro activity, 
potential synergism..)

Savoldi et al. BMC Infectious Diseases (2021)

COMBINATION VS MONOTHERAPY IN CR-GNB INFECTIONS: RISK OF BIAS



Pilar R, ECCMID 2022

USE OF NOVEL ANTIBIOTICS IN TARGETED TREATMENT

Ceftolozano-tazobactam
(+metronidazole)

Meropenem (IAI)
Levofloxacin (UTI)
Meropenem (NN)

No inferior
No inferior
No inferior

Solomkin CID 2015
Wagenlehner Lancet 2015
Koleff Lancet Inf Dis 2019

Ceftazidima-avibactam
(+ metronidazole)

Meropenem (IAI)
Doripenem (UTI)
BAT (IAI; UTI; R 3ªGen)

Non inferior
Non inferior
Non inferior

Mazuski CID 2016
Wagenlehner CID 2016
Carmeli Lancet Inf Dis 2016

Cefiderocol CREDIBLE  N59 BAT (NN, UTi, IAI, BSI)
Meropenem (NN)

Non inferior
Non inferior

Basetti Lancet Inf Dis 2021
Wunderick Lancet Inf Dis 2021

Meropenem-vaborbactam
TANGO II N77 BAT (NN, UTI, IAI, BSI) Non inferior Wunderick Inf Dis Ther 2018

Imipenem-relebactam Imipenem (cUTI)
Piperacillin/tazobactam (HAP/VAP) Non inferior Sims JAC 2017

Titov CID 2020



• CREDIBLE-CR trial: 150 patients with proven CR-GNB infections; cefiderocol versus BAT (mostly polymyxin based

combination) ++ HAP/VAP and BSI - not powered to conduct specific hypothesis testing. Mortality was higher in the

cefiderocol arm at 28 days especially in the CRAB group (24.8% with cefiderocol vs. 18.4%). Clinical and microbiological

efficacies of cefiderocol vs. BAT were similar;

• Retrospective cohorts enrolled a total of 824 patients from three countries (USA, Spain and Italy) and compared

ceftazidime-avibactam in combination with other antibiotics vs ceftazidime-avibactam monotherapy, showing no 

difference in mortality and clinical failure in mixed infections caused by KPC and OXA-48 produce.

• The RESTORE IMI-1 reports non-inferior clinical outcomes with imipenem/cilastatin/relebactam versus imipenem/cilastatin

plus colistin but is predominantly tested against CR-PA. Effectiveness in non-Pseudomonas organisms remains unclear.

Bassetti, LID 2021; Tumbarello, CID 2019 & 2021; King, AAC 2017; Shields, AAC 2018; De la Calle 2019

Cefiderol, cefta-avibactam and imipenem-relebactam vs combination



In vitro activity of aztreonam-avibactam and 
comparators against Metallo-β-Lactamase-
producing Enterobacterales from ATLAS Global 
Surveillance Program, 2016-2020

Rossolini GM, J Glob Antimicrob Resist 2024 Mauri C, Antibiotics 2021



Efficacy of Ceftazidime-avibactam Plus Aztreonam in Patients With Bloodstream
Infections Caused by Metallo-β-lactamase–Producing Enterobacterales 

Falcone M, CID 2021 



TREATMENT OF MICROBIOLOGICALLY DOCUMENTED MDR-GN INFECTIONS

Carrara, Tacconelli et al. LID 2024



Qualità e forza delle raccomandazioni delle 
infezioni gravi causate da CRE

§ Nelle infezioni gravi da CRE, si raccomanda l’utilizzo in prima linea di meropenem-
vaborbactam o ceftazidime-avibactam - raccomandazione debole, qualità delle prove
moderata/bassa.
§ Nelle infezioni gravi da CRE, in caso di mancata disponibilità dei nuovi BL-BLIs, si
consiglia l’impiego di antibiotici di uso consolidato (inclusa fosfomicina per via
endovenosa) in combinazione, selezionando gli agenti in base alla suscettibilità in vitro e
alla penetrazione nel sito di infezione - raccomandazione debole, qualità delle prove
moderata.
§ L’utilizzo in routine dei nuovi BL-BLIs in combinazione non è raccomandato -
raccomandazione forte, qualità delle prove bassa.
§ L’utilizzo di un carbapenemico all’interno di una terapia di combinazione può essere
considerato solo in presenza di una MIC ≤ 8 mg/l, a dosaggio aumentato ed in infusione
prolungata – raccomandazione debole, qualità delle prove di evidenza bassa.
§ Nelle infezioni da CRE causate da New Delhi Metallo-beta-lactamase (NDM) o da
produttori di altre metallo-beta-lattamasi in cui sono indicati i nuovi farmaci, si consiglia
di utilizzare ceftazidime- avibactam + aztreonam o cefiderocol - raccomandazione
debole, qualità delle prove moderata/bassa.
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