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ABSTRACT 
 

 
Background and Objectives: Nosocomial pneumonia caused by multidrug-resistant gram-negative bacteria presents a sig- 

nificant challenge for healthcare systems, as there are limited effective treatments available. This systematic review and 

meta-analysis aim to investigate the outcomes of colistin plus meropenem combination therapy on nosocomial pneumonia. 

Materials and Methods: An exhaustive search of PubMed, Scopus, Web of Science (WOS), and Embase databases was 

conducted, resulting in the extraction of 5 studies for qualitative assessment and meta-analysis. The study sample included 

991 patients admitted with nosocomial pneumonia. The outcomes evaluated were clinical improvement, microbiological 

response, mortality, Sequential Organ Failure Assessment (SOFA) score, Acute Physiology and Chronic Health Evaluation 

(APACHE II) score, Charlson Comorbidity Index (CCI), Clinical Pulmonary Infection Score (CPIS), C-reactive protein 

(CRP) levels, procalcitonin (PCT) levels, and intensive care unit (ICU) duration. 

Results: The results demonstrated that colistin plus meropenem combination therapy significantly improved clinical out- 

comes (OR = 1.37, 95% CI = 1.04-1.81, p = 0.027), reduced SOFA scores (OR = -0.28, 95% CI = -0.44 to -0.11, p = 0.001), 

and increased CCI scores (OR = 0.16, 95% CI = 0.02-0.29, p = 0.021) compared to other medications. However, other eval- 

uated parameters did not show significant differences. 

Conclusion: This meta-analysis indicates that colistin-meropenem combination therapy is superior to other colistin-based 

treatments for nosocomial pneumonia in terms of clinical improvement, SOFA score reduction, and CCI score increase. 

Nevertheless, other variables assessed did not exhibit remarkable differences between the treatment regimens. 
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INTRODUCTION 

 
Nosocomial pneumonia, which includes hospital- 

acquired (HAP) and ventilator-associated pneumonia 

(VAP), accounts for more than 20% of all hospital-ac- 

quired infections and significantly affects both mor- 

bidity and mortality rates (1). This condition places a 

heavy burden on the healthcare system and necessi- 

tates extensive use of antibacterial agents, often lead- 

ing to overuse and subsequent resistance (2, 3). 

The US Centers for Disease Control and Prevention 

(CDC) define multidrug resistance (MDR) as non- 

susceptibility to at least one agent in three or more 

antimicrobial  categories;  extensively  drug-resistant 
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(XDR) as susceptibility limited to two or fewer cate- 

gories; and pan drug resistance (PDR) as nonsuscep- 

tibility to all agents in all antimicrobial categories (4). 

Increasing evidence indicates a steady rise in XDR 

Acinetobacter baumannii, XDR Pseudomonas aeru- 

ginosa,  and  carbapenem-resistant Enterobactera- 

les (CRE), resulting in severe outcomes (5, 6). The 

severity of nosocomial pneumonia caused by these 

pathogens is so pronounced that the World Health Or- 

ganization (WHO) has prioritized the search for new 

antimicrobial agents against them. Additionally, the 

CDC has identified these pathogens as urgent threats 

to human health, underscoring the need for immedi- 

ate action (7, 8). 

Despite notable drawbacks, including less efficacy 

compared to beta-lactams, nephrotoxicity with high 

dosing, and the development of resistance during 

therapy, polymyxins (colistin and polymyxin B) have 

remained the primary treatment for multidrug-resis- 

tant gram-negative bacteria (MDRGN bacteria) for 

several decades. To enhance outcomes, physicians 

often use colistin in combination with other antibi- 

otics to potentially prevent resistance, achieve high- 

er success rates, and allow for lower doses or shorter 

treatment durations (9-11). 

Combining colistin with carbapenems has been pro- 

posed as a potentially effective approach, with prom- 

ising results observed in both in vitro and in vivo 

studies (12-14). However, research on human subjects 

remains  limited.  This  systematic  review  and  me- 

ta-analysis aim to evaluate the outcomes of colistin 

plus meropenem combination therapy in treating nos- 

ocomial pneumonia caused by carbapenem-resistant 

gram-negative bacteria (CRGNB). 
 

 
 

MATERIALS AND METHODS 

 
Research  strategy. This  systematic  review  and 

meta-analysis followed the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRIS- 

MA) guidelines (15). We conducted a comprehensive 

search using PubMed, Web of Science (WOS), Sco- 

pus, Embase, Science Direct, and Cochrane databas- 

es from January 1, 2012, to December 31, 2022. This 

search yielded 348 articles, with 45 from PubMed, 

30 from WOS, 257 from Scopus, 6 from Embase, 10 

from Science Direct, and none from Cochrane. 

 
The search strategy was formulated based on 

keywords derived from MeSH. [(Healthcare Asso- 

ciated Pneumonia) OR (Healthcare-Associated Pneu- 

monias) OR (Pneumonia, Healthcare-Associated) OR 

(Nosocomial Pneumonia) OR (Nosocomial Pneumo- 

nias) OR (Pneumonia, Nosocomial) OR (Hospital 

Acquired Pneumonia) OR (Hospital Acquired Pneu- 

monias) OR (Pneumonia, Hospital Acquired) OR 

(Ventilator-Associated Pneumonia) OR (Pneumonia, 

Ventilator-Associated)]  AND  [(Colistin) OR  (Poly- 

myxin E) OR (Colimycin) OR (Colisticin) OR Totazi- 

na) OR (Colistin Sulfate) OR (Sulfate, Colistin) OR ) 

Coly-Mycin)] AND [(Meropenem) OR (3-(5-Dimeth- 

ylcarbamoylpyrrolidin-3-ylthio)-6-(1-hydroxyeth- 

yl)-4-methyl-7-oxo-1-azabicyclo(3.2.0)hept-2-ene- 

2-carboxylic acid) OR Merrem) OR Ronem) OR 

Penem) OR SM 7338) OR SM-7338) OR SM7338)] 

AND [(Treatment Outcome) OR (Outcome, Treat- 

ment) OR (Patient-Relevant Outcome) OR (Outcome, 

Patient-Relevant) OR (Outcomes, Patient-Relevant) 

OR (Patient Relevant Outcome) OR (Patient-Relevant 

Outcomes) OR (Clinical Effectiveness) OR (Effec- 

tiveness, Clinical) OR (Treatment Effectiveness) OR 

(Effectiveness, Treatment) OR (Rehabilitation Out- 

come) OR (Outcome, Rehabilitation) OR (Treatment 

Efficacy) OR (Efficacy, Treatment) OR (Clinical Effi- 

cacy) OR (Efficacy, Clinical)]. 

 
Inclusion and exclusion criteria. We included 

clinical trials that assessed the outcomes of colistin 

plus meropenem treatment for healthcare-associat- 

ed pneumonia (HAP and VAP) within the specified 

period (2012-2022). Studies not designed as clinical 

trials, those assessing other antimicrobial regimens, 

or reporting in vitro or in vivo results were excluded. 

 
Study selection. Two authors independently re- 

viewed the databases and selected studies, resolving 

any disagreements with a third author. Duplicated ar- 

ticles were removed, and the remaining articles were 

screened for eligibility. Articles meeting the criteria 

were included in the qualitative analysis. 

 
Data extraction. Data extraction was performed 

independently by the authors, capturing information 

such as the first author's name, year of publication, 

population studied, administered regimens (including 

dosing and treatment duration), and study objectives. 

 
Statistical procedure. A meta-analysis was con- 

ducted to compare the effectiveness of colistin plus 

meropenem therapy against other antibiotics or thera- 

pies for multidrug-resistant bacterial infections. Com- 
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prehensive Meta-Analysis (CMA) Software Version 

3.3.070 (Biostat, Englewood, NJ) was used for statis- 

tical analysis. For categorical outcomes, differences 

were expressed as odds ratios (ORs) using the Man- 

tel-Haenszel (M-H) model, while Hedge’s g effect size 

was utilized for continuous outcomes. The Z test deter- 

mined the significance of pooled ratios, with a p-val- 

ue less than 0.05 considered statistically significant. 

Heterogeneity among studies was assessed using 

Cochran’s Q test, and the I-squared statistic catego- 

rized heterogeneity as low (<25%), moderate (25- 

50%), or high (>50%) (24). A random-effects model 

was used for high heterogeneity and a fixed-effects 

model for low to moderate heterogeneity. 

This study evaluated various outcomes including 

clinical improvement, microbiological response, mor- 

tality, Charlson Comorbidity Index (CCI), Clinical 

Pulmonary Infection Score (CPIS), C-reactive protein 

(CRP), procalcitonin (PCT), Sequential Organ Failure 

Assessment (SOFA), Acute Physiology and Chronic 

Health Evaluation (APACHE II), and ICU length of 

stay. Each outcome was analyzed individually. 

The analysis was divided into three parts: 

1.  Forest Plot:  Displayed  the  point  estimates of 

each study and the pooled point estimate, where each 

square represented a study's point estimate and the 

diamond represented the pooled estimate. 

2. Funnel Plot Analysis: Assessed publication bias 

by detecting asymmetry in the distribution of studies. 

3. Publication Bias Tests: Included the Classic Fail- 

safe N test, Begg and Mazumdar rank correlation 

test, and Duval and Tweedie’s trim and fill method. 
 

 
 

RESULTS 

 
Characteristics of studies included. The database 

search yielded 348 articles (PubMed=45, WOS=30, 

Scopus=257, Embase=6, Science Direct=10, and Co- 

chrane=0). After applying the eligibility and exclusion 

criteria, only 5 studies comprising 991 patients were 

included in the meta-analysis. The detailed study se- 

lection process is illustrated in Fig. 1 and Table 1 sum- 

marized the key characteristics of the included trials. 

These studies were conducted across various regions, 

including the U.S., European countries (Israel, Greece, 

Italy, and Bulgaria), Asian countries (Iran, Thailand, 

and Taiwan), and an African country (Egypt). All were 

randomized clinical trials involving adult participants, 

with an average age of 61 years (standard deviation of 

5.7 years). 

 

Fig. 1. Flow chart illustrating summary of literature search 

results 

 
The studies varied in their geographical locations, 

ensuring a diverse representation of populations and 

healthcare settings. The randomized design of these 

clinical trials enhances the reliability of the results, 

while the relatively consistent average age of partic- 

ipants allows for a more standardized comparison of 

outcomes across studies. 

 
Clinical improvement. The meta-analysis includ- 

ed data from all five studies (5, 15-18) on clinical 

improvement, encompassing a total of 991 patients. 

Among these, 501 patients received colistin plus 

meropenem combination therapy, while 490 patients 

were treated with other antibiotics and therapies. The 

fixed effects model demonstrated a significant associ- 

ation between the treatment and clinical improvement 

(OR = 1.38, 95% CI = 1.05-1.82, p-value = 0.021), 

as shown in Fig. 2A. This indicates that patients who 

received  the  colistin plus  meropenem  combination 

therapy were 38% more likely to experience clinical 

improvement compared to those who received other 

antibiotics and therapies. 

The funnel plot analysis, presented in Fig. 3A, fur- 

ther illustrates the assessment of publication bias in 

this meta-analysis. 

Overall, these findings suggest that the colistin plus 

meropenem combination therapy is significantly as- 

sociated with clinical improvement in patients with 

nosocomial pneumonia caused by carbapenem-resis- 

tant gram-negative bacteria (CRGNB), despite some 

indications of publication bias. 

 
Microbiological response. Three studies reported on 

microbiological response (5, 15, 18). The fixed effects 

model  indicated  no  significant difference between 

colistin plus meropenem combination therapy (447 
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patients) and other antibiotics/therapies (437 patients) 

regarding microbiological response (OR = 0.89, 95% 

CI = 0.68-1.16, p-value = 0.384), as shown in Figure 

2-B. None of the three publication bias analyses re- 

vealed any evidence of bias for microbiological re- 

sponse (Table 2). The funnel plot for microbiological 

response is displayed in Fig. 3B. 

 
Mortality. All five studies, involving 991 patients 

(501  receiving  colistin  plus  meropenem  combina- 

tion therapy and 490 receiving other antibiotics/ 

therapies), reported on mortality (5, 15-18). Fig. 2C 

shows no statistically significant difference in mor- 

tality between the two groups (OR = 0.84, 95% CI = 

0.65-1.09, p-value = 0.188). Additionally, none of the 

three methods indicated publication bias for mortality 

(Table 2 and Fig. 3C). 

 
SOFA score. Four studies reported SOFA scores 

(15-18). The fixed-effects model estimated the SOFA 

score effect at -0.28 (95% CI, -0.44 to -0.11, p-value 

= 0.001), indicating significantly lower SOFA scores 

for the combination therapy group compared to other 

therapies (Fig. 2D). The classic fail-safe N test sug- 

gested one missing study (Table 2). Duval and Tweed- 

ie’s trim and fill method, after trimming one study to 

the left side of the mean, showed an adjusted OR of 

-0.32 (95% CI, -0.48 to -0.16), with negligible chang- 

es in OR. The funnel plot for the SOFA score is dis- 

played in Fig. 3D. 

 

APACHE II score. Three studies measured the 

APACHE II score (5, 15, 16), assessing illness sever- 

ity and risk of death in ICU patients. The fixed-effects 

model showed an overall effect size of 0.03, indicating 

no significant difference between colistin plus mero- 

penem combination therapy and other therapies (95% 

CI, -0.14 to 0.20, p-value = 0.700) (Fig. 2E). 

 
Table 2. The results of heterogeneity and publication bias tests in the meta-analysis. 

 
Outcome Model Heterogeneity Tau- Classic Begg and Duval and Tweedie’s trim and fill 

 squared fail-safe N Mazumdar Left side of the mean       Right side of the mean 
  rank correlation Studies  Adjusted point   Studies  Adjusted point 

Q-value df  p-value l2 

 

(%) 

2 ± SE Z-value N N’  p-value Z-value p-value  trimmed 
 

† 

estimation 
 

(95% CI) 

trimmed estimation 
 

(95% CI) 
 

Clinical Fixed 5.24 4 0.263 24 0.04 ± 0.12 2.06 5 1 0.040 -0.10 0.24 0.807 0 1.38 0 1.38 
improvement               (1.04 , 1.82)  (1.04 , 1.82) 
Microbiologi- Fixed 0.77 2 0.680 0 <0.0001 ± 0.07 -1.08 3 0 0.278 -0.67 1.04 0.296 0 0.89 2 0.97 
cal response               (0.68 , 1.16)  (0.78 , 1.21) 
Mortality Fixed 6.00 4 0.199 33 0.06 ± 0.13 -1.75 5 0 0.081 -0.10 0.24 0.807 0 0.85 1 0.90 

               (0.65 , 1.10)  (0.70 , 1.15) 
SOFA Fixed 3.38 3 0.337 11 1. ± 0.04 -2.76 4 1 0.006 0.16 0.34 0.734 1 -0.32 0 -0.28 

               (-0.48 , -0.16)  (-0.44 , -0.11) 
APACHE II Fixed 0.54 2 0.763 0 <0.0001 ± 0.04 0.67 3 0 0.500 0.00 0.00 >0.999 2 0.00 0 0.03 

               (-0.15 , 0.15)  (-0.13 , -0.20) 
CCI Random 17.49 2 <0.001 89 0.13 ± 0.17 1.75 3 0 0.079 0.00 0.00 >0.999 0 0.10 0 0.10 

               (-0.35 , 0.55)  (-0.35 , 0.55) 
CPIS Fixed 0.23 1 0.635 0 <0.0001 ± 0.11 - - - - - - - - -  - 
CRP Fixed 3.06 2 0.217 35 0.04 ± 0.11 -0.13 3 0 0.899 -0.67 1.04 0.296 0 -0.01 0 -0.01 

               (-0.31 , 0.30)  (-0.31 , 0.30) 
PCT Fixed 0.72 2 0.698 0 <0.0001 ± 0.07 -0.93 3 0 0.353 -0.67 1.04 0.296 0 -0.14 0 -0.14 

               (-0.44 , 0.17)  (-0.44 , 0.17) 
Length of Random 40.18 2 <0.001 95 0.97 ± 1.09 -0.34 3 0 0.734 0.00 0.00 >0.999 0 -0.21 0 -0.21 
ICU stay               (-1.35 , 0.94)  (-1.35 , 0.94) 

 

APACHE II: acute physiology and chronic health evaluation; CCI: Charlson comorbidity index score; CPIS: clinical pulmo- 

nary infection assessment; CRP: C-reaction protein; ICU: intensive care unit; PCT: procalcitonin; SOFA: sequential organ 

failure assessment. df: degrees of freedom; SE: standard error; N: number of observed studies; †: Kendall’s  : with continuity 

correction; N’: number of missing studies that would bring p-value > 0.05; 95% CI: 95% confidence interval. 
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CCI score. Three studies examined the CCI score, 

measuring the severity of chronic diseases and risk of 

death in patients with multiple comorbidities (5, 17, 

18). Combining data from baseline and end-of-treat- 

ment course, the random-effects model showed an 

effect size of 0.10, not statistically significant (95% 

CI, -0.35 to 0.55, p-value = 0.669) (Fig. 2F). No tests 

indicated publication bias for the CCI score (Table 2), 

and the funnel plot is shown in Fig. 3F. 

 
CPIS score. Two studies evaluated the CPIS score, 

assessing clinical signs of pulmonary infection in me- 

chanically ventilated patients (15, 17). The fixed-ef- 

fects model at the end of the treatment course showed 

an effect size of 0.25 (95% CI, -0.13 to 0.63, p-value 

= 0.203), indicating no significant difference between 

the two groups (Fig. 2G). Due to the small number 

of studies, publication bias analysis for CPIS was not 

performed. 

 
Inflammation and sepsis indicators (CRP and 

PCT). CRP: Three studies measured CRP levels (15- 

17). The fixed-effects model showed a near-zero effect 

size (-0.01), with no significant difference between the 

two groups (95% CI, -0.31 to 0.30, p-value = 0.969) 

(Figure 2-H). No publication bias was indicated for CRP 

(Table 2), and the funnel plot is displayed in Fig. 3G. 

 
PCT. Three studies reported PCT levels (15-17). 

The fixed-effects model showed an effect size of -0.14 

(95% CI, -0.44 to 0.17, p-value = 0.375), indicating no 

significant difference between the combination thera- 

py and other therapies (Fig. 2I). No publication bias 

was indicated for PCT (Table 2), and the funnel plot is 

displayed in Fig. 3H. 

 
Length of ICU stay. Three studies reported on the 

length of ICU stay (16-18). The random-effects model 

showed an effect size of -0.21 (95% CI, -1.35 to 0.94, 

p-value = 0.721), indicating no significant difference 

between the two groups regarding ICU stay length 

(Fig. 2J). No publication bias was indicated for ICU 

stay length (Table 2), and the funnel plot is displayed 

in Fig. 3I. 
 

 
 

DISCUSSION 

 
Extensivedrugresistanceposesasignificantchallenge 

for healthcare systems globally, with even combina- 

tion antibiotic therapies for CRGNB often resulting 

in poor outcomes. As a result, there has been a grow- 

ing interest in using colistin and its combination with 

carbapenems, such as meropenem, which have shown 

promising results in both in vitro and in vivo studies. 

 
Summary of meta-analysis findings. In this me- 

ta-analysis, we evaluated clinical trials that assessed 

the outcomes of colistin plus meropenem on health- 

care-associated pneumonia (HCAP), including ven- 

tilator-associated pneumonia (VAP) and hospital-ac- 

quired pneumonia (HAP) infections positive for 

CRGNB. The key outcomes assessed included clini- 

cal improvement, microbiological response, mortal- 

ity, SOFA and APACHE II scores, CCI and CPIS, 

laboratory biomarkers (CRP and PCT), and length of 

hospital stay. 

 
Clinical Improvement. Clinical improvement was 

a primary outcome in the included studies, with our 

analysis indicating a 37% increased rate of clinical 

improvement among patients treated with colistin 

plus meropenem compared to other therapeutic strat- 

egies. Despite this overall improvement, definitions 

of clinical improvement varied across studies. Ab- 

delsalam  et  al.  reported  significant  improvement 

with colistin plus meropenem, including a decrease 

in SOFA scores and discharge from the ICU (16). 

Momenzadeh et al. found comparable outcomes with 

colistin combined with either meropenem or levo- 

floxacin, but neither regimen was superior (17). Other 

studies also reported no significant differences when 

comparing colistin plus meropenem to colistin plus 

ampicillin-sulbactam (18) or colistin alone (6, 19, 20). 

 
Microbiological response. The combination of 

colistin and meropenem did not significantly impact 

microbiological response, defined as the eradication 

of CRGNB in sputum cultures. Kaye et al. reported 

similar eradication rates for colistin plus meropenem 

and colistin alone (6). Momenzadeh et al. also found 

no significant difference between colistin-meropen- 

em and colistin-levofloxacin (17). Other studies con- 

firmed these findings, with lower eradication rates 

reported for colistin alone (19). 

 
Mortality. Mortality rates, particularly 28-day 

mortality, showed no significant difference between 

colistin-meropenem and other therapies. While Ab- 

delsalam et al. reported lower mortality with colis- 
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tin-meropenem   (16.7%   vs.   43.3%   with   colistin 

alone) (16), other studies found no significant differ- 

ences across treatment regimens (6, 17-21). 

 
SOFA and APACHE II scores. SOFA scores indi- 

cated better outcomes with colistin-meropenem com- 

pared to other regimens, while APACHE II scores 

showed no meaningful difference. These findings are 

consistent with mortality assessments, as both SOFA 

and APACHE II scores predict mortality risk (22, 

23). Abdelsalam et al. reported significant decreases 

in SOFA scores with colistin alone or in combination 

with meropenem (16). 

 
CCI and CPIS. The CCI score, measuring chron- 

ic disease severity, showed positive effects of colis- 

tin-meropenem, while the CPIS score, assessing 

pneumonia severity, did not show significant differ- 

ences between regimens. Momenzadeh et al. found 

significant improvement in CPIS scores for both colis- 

tin-meropenem   and   colistin-levofloxacin  groups, 

but no statistical difference between the groups (17). 

Other studies confirmed these findings (6, 18, 19). 

 
CRP and PCT. CRP and PCT levels, indicators 

of inflammation and sepsis, showed no significant 

differences between the evaluated regimens. Abdel- 

salam et al. highlighted the superiority of PCT over 

CRP for assessing disease progression, although they 

did not compare regimens (16). 

 
Length of ICU stay. Colistin-based regimens did 

not significantly affect ICU stay length. This was 

consistent with findings from two trials (18, 19), but 

Abdelsalam et al. reported shorter ICU stays with 

colistin-meropenem (13 days vs. 17 days for colistin 

alone) (16). 

 
Strengths and limitations. This meta-analysis has 

several strengths: 

- Inclusion of only randomized clinical trials (RCTs), 

enhancing reliability and minimizing bias. 

- Comprehensive coverage of various factors, offer- 

ing a broad perspective on the outcomes of colis- 

tin-meropenem therapy. 

- Focus on HCAP, providing specific insights into 

this nosocomial infection type. 

However, there are notable limitations: 

- Heterogeneity in study subjects, disease severity, 

and settings, leading to a heterogeneous study pop- 

ulation. 

- Limited number of included RCTs and study sub- 

jects, with evaluated colistin-based combination 

therapies restricted to a few antibiotics. 

- Lack of evaluation of antibiotic interactions and 

adverse effects, which are crucial for critically ill pa- 

tients. 

- General assessment of CRGNB without subgroup 

analysis for specific pathogens like A. baumannii. 

Future large-scale studies exploring various colis- 

tin-based combination regimens are warranted to 

address these limitations and provide more definitive 

conclusions. 
 

 
 
CONCLUSION 

 
In general, the findings of the current meta-anal- 

ysis, which analyzed five RCTs, demonstrate a sta- 

tistically significant superiority of colistin-meropen- 

em combination therapy over other medications in 

terms of clinical improvement and a shorter length of 

ICU stay. However, other assessed variables did not 

show remarkable differences when comparing colis- 

tin-meropenem with other colistin-based therapies 

against CRGNB  infections.  Further  investigations 

are strongly recommended to explore these findings 

in greater detail. 
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ics review committee of the Isfahan University of 

Medical Sciences approved this study on Number 

IR.ARI.MUI.REC.1401.204. 
 
 
 
 
REFERENCES 

 
1.   Tesini   BL,   Dumyati   G.   Health   care-associated 

infections in older adults: epidemiology and preven- 

tion. Infect Dis Clin North Am 2023; 37: 65-86. 

2.   Zilberberg MD, Shorr AF, Micek ST, Vazquez-Guilla- 

met C, Kollef MH. Multi-drug resistance, inappropriate 

initial antibiotic therapy and mortality in Gram-nega- 

tive severe sepsis and septic shock: a retrospective co- 

hort study. Crit Care 2014; 18: 596. 

3.   Kalil AC, Metersky ML, Klompas M, Muscedere J, 

Sweeney DA, Palmer LB, et al. Management of adults 

with hospital-acquired and ventilator-associated pneu- 

monia: 2016 clinical practice guidelines by the Infec- 

tious Diseases Society of America and the American 

Thoracic Society. Clin Infect Dis 2016; 63(5): e61-e111. 

http://ijm.tums.ac.ir/


COLISTIN PLUS MEROPENEM THERAPY  

   http://ijm.tums.ac.ir                                             IRAN. J. MICROBIOL. Volume 16 Number 6 (December 2024) 722-731           731 
       
 

 

 
 

4.  Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, 

Falagas ME, Giske CG, et al. Multidrug-resistant, ex- 

tensively drug-resistant and pandrug-resistant bacteria: 

an international expert proposal for interim standard 

definitions for acquired resistance. Clin Microbiol 

Infect 2012; 18: 268-281. 

5.   Cheng I-L, Chen Y-H, Lai C-C, Tang H-J. Intravenous 

colistin monotherapy versus combination therapy 

against carbapenem-resistant gram-negative  bacteria 

infections: meta-analysis of randomized controlled tri- 

als. J Clin Med 2018; 7: 208. 

6.   Kaye KS, Marchaim D, Thamlikitkul V, Carmeli Y, 

Chiu C-H, Daikos G, et al. Colistin monotherapy ver- 

sus combination therapy for carbapenem-resistant or- 

ganisms. NEJM Evid 2022; 2: 10.1056/evidoa2200131. 

7.   Zilberberg MD, Nathanson BH, Sulham K, Fan W, 

Shorr AF. A novel algorithm to analyze epidemiology 

and outcomes of carbapenem resistance among patients 

with hospital-acquired and ventilator-associated pneu- 

monia: a retrospective cohort study. Chest 2019; 155: 

1119-1130. 

8.  Van Duin D, Lok JJ, Earley M, Cober E, Richter SS, 

Perez F, et al. Colistin versus ceftazidime-avibactam in 

the treatment of infections due to carbapenem-resistant 

Enterobacteriaceae. Clin Infect Dis 2018; 66: 163-171. 

9.   Zusman O, Altunin S, Koppel F, Dishon Benattar Y, 

Gedik H, Paul M. Polymyxin monotherapy or in 

combination against carbapenem-resistant bacteria: 

systematic review and meta-analysis. J Antimicrob 

Chemother 2017; 72: 29-39. 

10. Scudeller L, Righi E, Chiamenti M, Bragantini D, 

Menchinelli G, Cattaneo P, et al. Systematic review and 

meta-analysis of in vitro efficacy of antibiotic combina- 

tion therapy against carbapenem-resistant Gram-nega- 

tive bacilli. Int J Antimicrob Agents 2021; 57: 106344. 

11. Hou S-Y, Wu D, Feng X-H. Polymyxin monotherapy 

versus polymyxin-based combination therapy against 

carbapenem-resistant Klebsiella pneumoniae: A sys- 

tematic review and meta-analysis. J Glob Antimicrob 

Resist 2020; 23: 197-202. 

12. Cheah S-E, Wang J, Nguyen VTT, Turnidge JD, Li J, 

Nation RL. New pharmacokinetic/pharmacodynamic 

studies of systemically administered colistin against 

Pseudomonas aeruginosa and Acinetobacter bauman- 

nii in mouse thigh and lung infection models: smaller 

response in lung infection. J Antimicrob Chemother 

2015; 70: 3291-3297. 

13. Nation RL, Garonzik SM, Thamlikitkul V, Giamarel- 

los-Bourboulis EJ, Forrest A, Paterson DL, et al. Dos- 

ing guidance for intravenous colistin in critically ill 

patients. Clin Infect Dis 2017; 64: 565-571. 

14. Zusman O, Avni T, Leibovici L, Adler A, Friberg L, 

Stergiopoulou  T,  et  al.  Systematic  review  and  me- 

ta-analysis of in vitro synergy of polymyxins and car- 

bapenems.  Antimicrob  Agents  Chemother  2013;  57: 

5104-5111. 

15. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred 

reporting items for systematic reviews and meta-anal- 

yses: the PRISMA statement. Int J Surg 2010; 8: 336- 

341. 

16. Abdelsalam MFA, Abdalla MS, El-Abhar HSE-D. Pro- 

spective, comparative clinical study between high-dose 

colistin monotherapy and colistin–meropenem combi- 

nation therapy for treatment of hospital-acquired pneu- 

monia  and  ventilator-associated  pneumonia  caused 

by multidrug-resistant Klebsiella pneumoniae. J Glob 

Antimicrob Resist 2018; 15: 127-135. 

17.  Momenzadeh M, Soltani R, Shafiee F, Hakamifard A, 

Pourahmad M, Abbasi S. The effectiveness of colistin/ 

levofloxacin compared to colistin/meropenem in the 

treatment  of  ventilator-associated pneumonia  (VAP) 

caused by carbapenem-resistant Acinetobacter bau- 

mannii: a randomized controlled clinical trial. Res 

Pharm Sci 2023; 18: 39-48. 

18. Khalili H, Shojaei L, Mohammadi M, Beigmohamma- 

di M-T, Abdollahi A, Doomanlou M. Meropenem/colis- 

tin versus meropenem/ampicillin–sulbactam in the 

treatment of carbapenem-resistant pneumonia. J Comp 

Eff Res 2018; 7: 901-911. 

19. Paul M, Daikos GL, Durante-Mangoni E, Yahav D, 

Carmeli Y, Benattar YD, et al. Colistin alone versus 

colistin plus meropenem for treatment of severe infec- 

tions caused by carbapenem-resistant Gram-negative 

bacteria: an open-label, randomised controlled trial. 

Lancet Infect Dis 2018; 18: 391-400. 

20. Nutman A, Lellouche J, Temkin E, Daikos G, Skiada 

A, Durante-Mangoni E, et al. Colistin plus meropenem 

for carbapenem-resistant Gram-negative infections: In 

vitro synergism is not associated with better clinical 

outcomes. Clin Microbiol Infect 2020; 26: 1185-1191. 

21.   Liu C-P, Shih S-C, Wang N-Y, Wu AY, Sun F-J, 

Chow S-F, et al. Risk factors of mortality in patients 

with carbapenem-resistant Acinetobacter baumannii 

bacteremia. J Microbiol Immunol Infect 2016; 49: 934- 

940. 

22. Almomani BA, McCullough A, Gharaibeh R, Samrah 

S, Mahasneh F. Incidence and predictors of 14-day 

mortality in multidrug-resistant Acinetobacter bau- 

mannii in ventilator-associated pneumonia. J Infect 

Dev Ctries 2015; 9: 1323-1330. 

23. Zheng N, Zhu D, Han Y. Procalcitonin and C-reactive 

protein perform better than the neutrophil/lymphocyte 

count ratio in evaluating hospital acquired pneumonia. 

BMC Pulm Med 2020; 20: 166. 

http://ijm.tums.ac.ir/

