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Abstract
Introduction  Carbapenem-resistant Klebsiella pneumoniae (CRKP) infections commonly cause hospital-acquired infections. 
The study aimed to compare the outcomes of CRKP infections between patients receiving ceftazidime avibactam +/− aztre-
onam and polymyxins in a hospital setting with a high prevalence of New Delhi Metallo Beta Lactamase production.
Methods  We conducted a retrospective cohort study from January 2020 to September 2022 in critically ill adult patients 
admitted to a non-COVID-19 medical intensive care unit with CRKP infection. The patients were followed up for a total of 
30 days or death, whichever was later.
Results  Of a total of 106 patients included in the study, 65 patients received polymyxins and 41 patients received ceftazi-
dime–avibactam +/− aztreonam. Higher 30-day mortality was noted in the polymyxin group (56.9% vs. 29.2%, P = 0.005). 
The mean time to event (mortality) in ceftazidime–avibactam +/− aztreonam was 23.9 + 1.5 days which was significantly 
higher compared to polymyxins (17.9 + 1.2 days, p = 0.006). On Cox regression analysis, after adjusting for the covariates, 
the hazard ratio for time to event with the use of polymyxin was 2.02 (95% CI: 1.03–3.9).
Conclusion  Ceftazidime–avibactam + aztreonam is possibly associated with better clinical outcomes in patients infected 
with CRKP.

Keywords  Carbapenem-resistant Klebsiella pneumoniae · Ceftazidime–avibactam · Polymyxin · Colistin · NDM-New 
Delhi Metallo-beta-lactamase

Abbreviations
CRKP	� Carbapenem-Resistant Klebsiella Pneumoniae
NDM	� New Delhi Metallo-beta-lactamase

Background

Carbapenem-resistant Klebsiella pneumoniae (CRKP) 
infections are a common cause of hospital-acquired infec-
tions in endemic regions. Traditionally, polymyxins with 
or without other antibiotics are used for the treatment of 
CRKP infections, but their use is associated with poor 
outcomes [1, 2]. Besides, polymyxin use is also associ-
ated with significant toxicity [3]. Ceftazidime–avibactam 

is a newer beta-lactam–beta-lactamase inhibitor (BL–BLI) 
used for the treatment of Gram-negative infections [4]. Its 
efficacy has been shown to be comparable to carbapenem 
in patients with infections susceptible to both drugs [5–7]. 
It is also effective against CRKP as it is active against the 
two main carbapenemases, OXA-48 and KPC [4]. In India, 
carbapenem resistance in CRKP is primarily mediated 
by OXA-48 and the New Delhi Metallobetalactamases 
(NDM) [8]. Ceftazidime–avibactam is not active against 
NDM CRKP. Aztreonam is a monobactam antibiotic that 
is active against NDM, but it can be hydrolyzed by other 
bacterial enzymes which are often co-existent with NDM 
in CRKP [9]. Therefore, a novel strategy of a synergistic 
combination of ceftazidime–avibactam and aztreonam has 
been suggested to treat NDM CRKP infections [10]. To 
the best of our knowledge, there is very limited literature 
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on the real-world use of this synergistic combination. The 
study aimed to compare the outcomes of ceftazidime–avi-
bactam + aztreonam with polymyxins.

Methodology

Study design and recruitment

This was a retrospective cohort study (January 2020–Sep-
tember 2022) conducted in a tertiary-care hospital in South 
India after Institute Ethics Committee approval (AIG/IEC-
Post BH&R 36/11.2022–01). All consecutive critically 
ill adult patients diagnosed with a nosocomial infection 
caused by CRKP infection were treated with either ceftazi-
dime–avibactam with or without aztreonam or polymyxins 
(polymyxin B or colistin). Critically ill were defined as 
those admitted to the medical intensive care units (exclu-
sively for non-COVID-19 patients). Nosocomial infection 
was defined as an infection acquired after 48 h of admis-
sion and was classified as blood-stream infections (BSI), 
hospital-acquired pneumonia (HAP), urinary tract infec-
tion (UTI), and skin–soft-tissue infection (SSTI) based on 
the involvement of the respective organ systems. HAP was 
defined as new onset dyspnoea or tachypnoea with chest 
infiltrates and respiratory specimens growing CRKP. Pri-
mary BSI was defined as the isolation of CRKP from the 
blood with compatible symptoms of bacteremia, such as 
fever, rigours, or hypotension. When BSI was associated 
with the simultaneous presence of CRKP infection at other 
sites (respiratory tract, urinary tract, and skin/soft tissue), 
they were deemed as secondary BSI. UTI was defined as 
the presence of urinary symptoms such as dysuria and 
increased frequency or fever with isolation of CRKP from 
urine samples. SSTI was defined as inflammation of the 
skin or soft tissue with isolation of CRKP from pus, exu-
dates, or skin biopsy specimens.

CRKP infection was defined as the isolation of Kleb-
siella pneumoniae from blood, urine, respiratory speci-
mens, or tissue, and proven resistance to meropenem or 
imipenem on susceptibility testing. In this study, only 
those patients with clinical symptomatology suggestive 
of infection of a particular site with positive culture were 
included. We did not include patients with poly-bacterial 
infections or those where colonization was suspected. 
Those patients who received antibiotics for less than 48 h 
or who died within 48 h of receiving antibiotics were 
excluded. Since 48 h is not enough for the antibiotics to 
act and, therefore, it can be assumed that their impact on 
mortality will be minimal. Those patients who received 
both the study antibiotics were also excluded.

Diagnosis and treatment

Blood, respiratory specimens (Bronchoalveolar lavage, 
Endotracheal aspirate), and urine and tissue specimens 
were collected for BSI, HAP, UTI, and SSTI, respectively. 
These samples were sent for culture and susceptibility test-
ing. Identification of Klebsiella pneumoniae and suscep-
tibility testing was done by the Vitek 2 Compact System 
(Biomerieux, France). The isolates were labelled as resist-
ant as per the clinical breakpoints set by the Clinical and 
Laboratory Standards Institute. Synergy testing was done 
in those isolates that were resistant to ceftazidime–avibac-
tam. Synergy testing was done using a double-disk diffu-
sion test between ceftazidime–avibactam and aztreonam 
using previously described methods [11].

The routine practice was to start the empiric therapy 
within 1 h of clinical diagnosis in those patients where a 
nosocomial infection was suspected. Empiric therapy for 
nosocomial infections was usually combination therapy 
with polymyxin [polymyxin B (12,500 units/kg every 
twelve hours) or colistin (4.5 million international units 
every 12 h)]. The empiric therapy was either continued, or 
they were changed to ceftazidime–avibactam (2.5 g eighth 
hourly) with/without aztreonam (2 g eighth hourly). Adjunc-
tive antibiotics, such as tigecycline, fosfomycin, carbapen-
ems, and minocycline, were added to the study antibiotics 
in some patients based on the physician’s choice. Adjunctive 
antibiotics were not exclusively guided by the susceptibility 
pattern. Both polymyxins and ceftazidime–avibactam were 
available in the hospital pharmacy during the study period. 
The choice of definitive therapy was based on the physi-
cian’s discretion. Patients with phenotypic susceptibility to 
ceftazidime–avibactam were treated with ceftazidime–avi-
bactam alone. Patients with phenotypic resistance to ceftazi-
dime–avibactam but a positive synergy with aztreonam were 
treated with a combination of ceftazidime–avibactam and 
aztreonam. Whenever used together, ceftazidime–avibactam 
and aztreonam were infused concurrently. The antibiotics 
(ceftazidime–avibactam, colistin, aztreonam, carbapenems, 
and fosfomycin) were dose-modified according to the renal 
function based on standard dosing nomograms (UpTo-
Date, Waltham, MA). New onset liver or renal dysfunction, 
thrombocytopenia, and dialysis requirement after initiation 
of trial drugs were noted. Liver dysfunction was defined 
as transaminases more than three times the upper limit of 
normal (40 IU/L) if the baseline was normal or more than 
three times the baseline if it was abnormal. Renal dysfunc-
tion was defined as serum creatinine more than 1.5 times the 
upper limit of normal (1.2 mg/dl) if the baseline was nor-
mal or more than 1.5 times the baseline if it was abnormal. 
Thrombocytopenia was defined as a platelet count less than 
the lower limit of normal (150,000/microlitre).
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Follow‑up and outcomes

The patients were followed up from receiving the first 
dose of the antibiotic in question for 30 days or mortality, 
whichever was later. The primary outcome was the all-cause 
30-day mortality and the secondary outcome was the clini-
cal cure. Clinical cure was defined as the resolution of fever 
with significant clinical improvement (decrease in sequential 
organ function assessment score by 2 points) in the condi-
tion of the patient on day 14. The records were assessed by 
infectious disease physicians to assess clinical cure.

Data analysis

The data were retrieved from electronic records by a team of 
clinical pharmacists, microbiologists, and infectious disease 
physicians. Using an alpha error of 0.05, a power of 80%, 
and the expected proportion of 30-day mortality of 44% and 
20% in the polymyxin and ceftazidime–avibactam arm, a 
total sample size of 92 was calculated [12]. The patients 
were divided into two arms: ceftazidime–avibactam (with 
or without aztreonam) and polymyxin arm (polymyxin or 
colistin) (Fig. 1). The baseline characteristics of the two 
groups were compared. For categorical variables, a Chi-
square test was used. For continuous variables, based on 
the normality of distribution, either an independent test was 
used, or a Mann–Whitney U test was used. The time to event 
(mortality) was compared between the two groups using 
the log-rank test. A Cox regression analysis was done using 
other covariates that could predict mortality to calculate 
the adjusted hazard ratio for the use of polymyxin. Those 
covariates were selected that have a higher risk of mortal-
ity based on the available literature. These were age, severe 

disease at presentation (SOFA score, vasopressor require-
ment, mechanical ventilation, PaO2/FiO2 ratio), HAP, and 
PBSI. A p value of < 0.05 was taken as significant.

Results

A total of 106 patients were included in the study. All 
the 65 patients in the polymyxin arm were susceptible to 
polymyxin. The 41 patients in the ceftazidime–avibactam 
arm included 19 patients who were susceptible to ceftazi-
dime–avibactam and, therefore, received ceftazidime–avi-
bactam alone. The 22 patients who were resistant to ceftazi-
dime–avibactam but susceptible to synergy testing received 
a combination of ceftazidime–avibactam with aztreonam. 
None of the tested isolates were resistant to synergy test-
ing. Genotyping (Xpert Carba-R, Cepheid, Sunnyvale, CA) 
could be done in only 23 patients with the following results: 
NDM + OXA-48 (n = 15), OXA-48 alone (n = 6), NDM 
alone (n = 1), and no genes detected (n = 1). Thirty patients 
required renal dose modification, 20 of which were for the 
antibiotics used in the polymyxin arm.

The baseline characteristics, syndromic diagnosis, and 
clinical severity were comparable between the two groups 
(Table 1). Systemic corticosteroids in the recent past were 
not given prior to the development of infection in any of 
the patients. Only two patients had malignancy, both were 
in the polymyxin arm. There were no transplant recipients 
or patients with human immunodeficiency virus infection 
in the cohort. Adjunctive antibiotics were more commonly 
given along with polymyxins based on susceptibility pattern 
and physician’s choice (Table 2). There was no difference 
between the adverse drug reactions reported in both groups 
(Table 2). There was no difference in terms of clinical suc-
cess between the two groups (Table 2). The 30-day all-cause 
mortality was noted to be significantly higher in the poly-
myxin group (Table 2).

Of the 52 patients who received polymyxin combination 
therapy, there were 29 (56%) deaths. Of the 13 patients who 
received monotherapy with polymyxins, there were eight 
(61%) deaths. This difference was not significant (p = 0.7). 
In the patients enrolled in the polymyxin arm, there were 
48 patients who received polymyxin B and 17 patients who 
received colistin. The mortality in patients who received 
colistin (8/17, 47%) was non-significantly lower than those 
who received polymyxin B (29/48, 60%), (p = 0.34).

When the analysis was restricted to polymyxins vs. cef-
tazidime–avibactam and aztreonam, the mortality in the cef-
tazidime–avibactam and aztreonam combination arm [36% 
(8/22)] was lower than the polymyxin arm (57%, 37/65). 
This difference was, however, non-significant (p = 0.09). The 
mortality difference between ceftazidime–avibactam alone 

Nosocomial monobacterial CRKP infections 

(n=231)

Subjects excluded from the study= 125
Mortality within 48h= 54

Received study drug for > 48h= 8

Received neither drug regimen= 55

Received both the drugs= 8

Included in study

(n= 106)

Ceftazidime-avibactam group
(n= 41)

Polymyxin group
(n= 65)

Fig. 1   Recruitment of the patients and the study plan
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Table 1   Comparison of baseline characteristics between ceftazidime–avibactam and polymyxin arms

* At the time of recruitment (initiation of the first dose of antibiotic in question)

Parameters Ceftazidime–avibactam 
arm (n = 41)

Polymyxin arm (n = 65) p value

Gender Male 29 (70.7%) 51(78.4%) 0.368
Female 12 (29.3%) 14(21.6%)

Age (in years) 55.9 + 16.3 58.6 + 12.3 0.333
Comorbidities Diabetes mellitus 22 (56.3%) 38(58.4%) 0.627

Hypertension 24(58.5%) 37(56.9%) 0.87
Coronary artery disease 9 (21.9%) 14((21.5%) 0.96
Chronic liver disease 7 (17.0%) 12(18.4%) 0.856
Chronic kidney disease 7(17.0%) 12(18.4%) 0.856
Chronic lung disease 4 (9.7%) 5(7.6%) 0.710

Clinical severity* Sequential Organ Function Assessment Score 5 (2–7.5) 6 (4–9) 0.056
P/F ratio 249.5 + 132.3 221.9 + 99.4 0.254
Mechanical ventilation 28 (68.2%) 51(78.4%) 0.242
Shock leading to vasopressor requirement 17(41.4%) 32(49.2%) 0.435
Dialysis requirement 7 (17%) 15 (23%) 0.458

Table 2   Comparison of clinical diagnosis, treatment details and outcomes between ceftazidime–avibactam and polymyxin arms

Abbreviation- Hospital-acquired pneumonia (HAP), Urinary tract infection (UTI), Skin–soft-tissue infection (SSTI), Bloodstream infection (BSI)
# (Secondary to HAP-5, SSTI-2), $(Secondary to HAP-7, UTI-1) &(Tigecycline-6, Minocycline-2, Fosfomycin-3), ^(Tigecycline-19, Minocy-
cline-3, Fosfomycin-11)

Parameters Ceftazidime–avibactam 
arm (n = 41)

Polymyxin arm (n = 65) p value

Clinical diagnosis HAP 24(58.5%) 48(73.8%) 0.1
UTI 4(9.7%) 6(9.2%) 0.928
SSTI 2(4.8%) 2(3%) 0.636
BSI 18(43.9%) 20(30.7%) 0.17
Primary BSI 11 (26.8%) 12 (18.4%) 0.309
Secondary BSI 7# (17%) 8$ (12.3%) 0.493

Duration of hospitalization* 14 (8–18.5) 11 (7–17.5) 0.183
Percentage susceptibility to 

adjunctive antibiotics
Tigecycline 21(51.2%) 34 (55.7%)
Minocycline 2 (4.9%) 6 (9.8%)
Fosfomycin 10 (24.4%) 25 (41%)

Adjunctive antibiotics Any adjunctive antibiotic 19(46.3%) 52(80%)  < 0.001
Any susceptible adjunctive antibiot-

ics (excluding aztreonam)
11 (26.8%)& 33 (50.7%)^ 0.014

Tigecycline 9 (21.9%) 25 (38.4%) 0.076
Carbapenem 5 (12.1%) 22 (33.8%) 0.013
Minocycline 4 (9.7%) 9 (13.8%) 0.532
Fosfomycin 5 (12.1%) 12 (18.4%) 0.392

Adverse drug reaction Renal dysfunction 10 (24.4%) 20 (30.7%) 0.48
Dialysis requirement 6 (14.6%) 9 (13.8%) 0.91
Liver dysfunction 2 (4.9%) 3 (4.6%) 0.95
Thrombocytopenia 8 (19.5%) 10 (15.4%) 0.58

Outcome Clinical success 20 (48.7%) 20 (30.7%) 0.062
Mortality 12 (29.2%) 37(56.9%) 0.005
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and ceftazidime–avibactam with aztreonam was not signifi-
cant (p = 0.28).

The two most common syndromes in this study were HAP 
and BSI. The mortality in patients with HAP in the ceftazi-
dime–avibactam group (10/24, 42%) was lower than in the 
polymyxin group (30/48, 62%) but the difference was statis-
tically non-significant (p = 0.09). The mortality in patients 
with BSI in the ceftazidime–avibactam group (6/18, 33%) 
was lower than in the polymyxin group (13/20, 65%) but 
the difference was statistically non-significant (p = 0.051).

The mean time to event in ceftazidime–avibactam + aztre-
onam was 23.9 + 1.5 days which was significantly higher 
compared to polymyxins (17.9 + 1.2 days, p = 0.006, log-
rank test) (Fig. 2). On Cox regression analysis, after adjust-
ing for the covariates, the hazard ratio for time to event with 
the use of polymyxin was 1.97 (95% CI: 1–3.9) (Table 3).

Discussion

In patients admitted to a medical intensive care unit (for 
non-COVID-19 patients) with CRKP infections, all-cause 
30-day mortality was significantly lower in the ceftazi-
dime–avibactam arm when compared to polymyxins. The 
mortality difference between the two arms, when the analy-
sis was restricted to patients with HAP or BSIs, was not 
significant. In the ceftazidime–avibactam arm, when patients 
who received both ceftazidime–avibactam and aztreonam 
were only considered, the mortality rate was still lower than 
polymyxins, but the difference was not statistically non-sig-
nificant. The mortality difference between polymyxin B vs. 
colistin or polymyxin monotherapy vs. combination groups 
was not significant either.

CRKP infections are associated with significant mor-
bidity and mortality. Polymyxins are the last resort of the 
antibiotics used in the management of these infections. The 
safety and efficacy of polymyxin drugs are compromised 
due to their poor pharmacokinetic properties and toxicity 
[3]. Ceftazidime–avibactam is a newer beta-lactam–beta-
lactamase inhibitor that has efficacy against OXA-48 and 
KPC carbapenemases. Multiple studies in the past have 
proven the superior safety and efficacy of ceftazidime–avi-
bactam compared to polymyxins in CRKP infections medi-
ated by KPC and OXA-48 [12–19] (Table 4). We reviewed 
seven observational studies on CRKP infections (KPC or 
OXA-48) treated by ceftazidime–avibactam and polymyx-
ins. The mortality with ceftazidime–avibactam ranged from 
8 to 37%, whereas it was 30–70% for patients treated with 
polymyxin. All studies showed better mortality outcomes 
with ceftazidime–avibactam.

It has been suggested in the recent past that ceftazi-
dime–avibactam when combined with aztreonam can be 
used in patients with NDM infections [17]. This is particu-
larly important for countries like India, where NDM carbap-
enemase production is the major mechanism of carbapenem 
resistance. Although we could not do genotyping in most 
of our patients, the presence of resistance to carbapenems 
and ceftazidime–avibactam in the 22 patients in one arm 
was used as a surrogate for the presence of NDM. These 
patients were then treated with ceftazidime–avibactam and 
aztreonam based on susceptibility observed on double-disk 
synergy testing. It must be noted here that synergy testing 
is a surrogate for the actual susceptibility testing of aztre-
onam–avibactam antibiotic.

As shown in Table 4, the study by Falcone et al. was 
the only major study that focused on NDM and compared 
the efficacy of ceftazidime–avibactam with aztreonam 

Fig. 2   Survival curve showing time to mortality in patients treated 
with ceftazidime–avibactam + aztreonam (red line) vs polymyxin 
(blue line) adjusted for covariates

Table 3   Cox regression analysis to determine the association between 
potential predictors and time to death

* Includes blood-stream infection secondary to hospital-acquired 
pneumonia

Predictors Hazard ratio 95.0% CI p value

Lower Upper

Use of polymyxin 1.971 1.005 3.867 0.048
Age 1.029 1.003 1.055 0.028
PaO2/FiO2 ratio .998 .995 1.001 0.244
Mechanical ventilation 1.647 .661 4.100 0.284
Vasopressor requirement .848 .448 1.604 0.611
Sequential Organ Function 

Assessment score
1.160 1.068 1.261  < 0.001

Hospital-acquired pneumo-
nia*

.793 .168 3.730 0.769

Primary blood stream infec-
tion

.972 .185 5.109 0.973
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combination against polymyxins [12]. In our study, there 
was significantly lower overall 30-day mortality and time 
to event in the ceftazidime–avibactam arm when compared 
to polymyxins, and the results remained significant after 
adjusting for covariates. We chose 30-day all-cause mortal-
ity as our primary outcome. This was in line with the rec-
ommendations given by the consensus guidelines on VAP 
[20]. This is primarily because this is the most patient-rel-
evant outcome. Since critically ill patients have a high risk 
of acquiring additional nosocomial infections, their 30-day 
mortality can still be higher even after recovering from a 
CRKP infection. In this regard, we wanted to see which drug 
is associated with a higher time to event. We did not choose 
attributable mortality as attributing mortality to a particular 
infection in a critically ill adult is very difficult and subjec-
tive, especially in a retrospective study. The findings in our 
study are similar to the experience obtained with studies on 
KPC and OXA (Table 3). The overall mortality was, how-
ever, very high in our cohort compared to the studies listed 
in Table 3. This was mostly because we included critically 
ill patients with high baseline severity. The disease severity 
in the ceftazidime–avibactam was lesser, but the difference 
was not significant. Nevertheless, the time to event between 
the two arms was adjusted for severity on Cox regression 
analysis. The comorbidities in the two arms were balanced. 
Charlson Comorbidity Index could not be calculated as most 
patient charts did not have definitive data on dementia and 
peptic ulcer disease. In our study, there was a difference 
in clinical success between the two arms. It was tending 
towards statistical significance. Since the definition of clin-
ical success was more subjective than mortality, we kept 
clinical success as the secondary outcome.

Our results are different from a recently published study 
from South India that has shown no difference in mortality 
after introducing ceftazidime–avibactam ± aztreonam for the 
treatment of CRKP infections. However, it must be noted 
here that the study was conducted in two different timelines 
where improvement in supportive care could influence the 
results despite the adjustments [21].

There was no difference between the incidence of the 
new requirement of dialysis, new onset thrombocytopenia, 
renal dysfunction, or liver dysfunction between the ceftazi-
dime–avibactam and the polymyxin arms in this study. We 
were not able to assess the neurological side effects in our 
study due to its retrospective design. Also, the high usage 
of adjunctive antibiotics in both groups makes it difficult to 
attribute a side effect to one particular antibiotic.

It is important to note here that the recommended method 
for polymyxin susceptibility testing is broth microdilution. 
The susceptibility testing for polymyxin in this study was 
done by the VITEK2 method which is not reliable [22, 23]. 
It is possible that CRKP isolates in the polymyxin arm were 
resistant in the control arm and this would explain the poor 
outcome. In an ideal scenario, the susceptibility of poly-
myxins should be available to guide treatment decisions. In 
resource-limited settings, polymyxin susceptibility by broth 
microdilution is rarely available, even in the best of centres. 
Similarly, genotyping for the mechanism of carbapenem 
resistance is not available in many centres.

Since both drug strategies have a poor evidence base, 
it is common practice to combine the antibiotics in ques-
tion with adjunctive antibiotics. Combination therapy with 
adjunctive antibiotics was used in 71/106 (66.9%) patients 
in our study cohort. The most used antibiotic in combination 

Table 4   Mortality associated with ceftazidime–avibactam and polymyxins in the previous studies on CRKP infections

S. no Author Study design Sample size Predominant carbap-
enemases

Outcome Ceftazi-
dime–avi-
bactam

Polymyxins

1 Van Duin et al. [11] Prospective observa-
tional study

137 KPC 30-Day all-cause 
mortality

8% 33%

2 Almangour et al. [12] Retrospective observa-
tional cohort study

230 OXA-48 In-hospital mortality 35% 44%

3 Hakeam et al. [13] Retrospective cohort 
study

61 OXA-48 30-Day mortality 37.5% 41.4%

4 Fang et al. [14] Retrospective observa-
tional study

115 - 28-Day mortality 8.1% 29.5%

5 Castón et al. [15] Retrospective observa-
tional study

339 OXA-48 and KPC 21.9% 46.9%

7 Satlin et al. [16] Retrospective observa-
tional study

137 KPC 30-Day mortality 10% 31%

8 Falcone et al. [17] Prospective observa-
tional study

102 patients Metallo beta lacta-
mases

30-Day mortality 19.2% 44%

9 Current study Retrospective observa-
tional study

106 OXA-48 and NDM 30-Day mortality 29% 57%
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with polymyxin and ceftazidime–avibactam was tigecycline. 
Since this was an observational study and the treatment 
decisions were not taken by the study investigators, 20% 
of patients received polymyxin monotherapy. The use of 
combination therapy, theoretically, can prevent the devel-
opment of resistance as well [24]. In a recent meta-analysis 
based mostly on studies with a high risk of bias, polymyxin 
combination therapy was shown to fare better than mono-
therapy [25]. The use of monotherapy in our study, however, 
did not show statistically significant poorer outcomes when 
compared to polymyxin combination therapy. This was pos-
sibly because our study was underpowered to detect that 
difference.

In the polymyxin arm, 26% (n = 17) of the patients 
received colistin. Except for UTIs, polymyxin B is preferred 
over colistin because of its favourable nephrotoxicity profile 
and better pharmacokinetics/pharmacodynamics [26]. This 
is based on expert consensus recommendations only. It must 
be noted here that, in our study, there was no significant 
difference between the mortality outcomes of colistin and 
polymyxin B. This is in congruence with a recent meta-anal-
ysis that did not show any difference in outcomes between 
polymyxin B and colistin [27].

The most common syndrome included in this cohort was 
HAP. Since polymyxins have poorer penetration in the lungs, 
it can be argued that this might have contributed to worse 
outcomes in the polymyxin arm [28]. It must, however, be 
noted that, although, in patients with HAPs, there were fewer 
deaths in the ceftazidime–avibactam arm, the difference was 
statistically non-significant. Similarly, in patients with BSI, 
the difference in mortality between the two arms was not 
significant. These results were possibly because the study 
was underpowered to detect differences in these subgroups.

Our study has a few limitations. Being a retrospective 
study, the unknown confounding factors or confounding by 
indication could have influenced our study results. How-
ever, we also believe that there is such a paucity of Indian 
data on this subject, that retrospective studies such as this 
will serve as the stepping stone for future prospective clini-
cal trials. At baseline, more patients in the polymyxin arm 
compared to ceftazidime–avibactam + aztreonam were on 
mechanical ventilation and required vasopressors; however, 
the difference was not statistically significant. Our results did 
not change after adjusting for these covariates. Genotyping 
could not be done in most patients and, therefore, the mecha-
nism of carbapenem resistance could not be ascertained in 
all patients. Typing of strains could not be performed for the 
same reasons. Polymyxin susceptibility was not ascertained 
using the recommended broth microdilution method.

Despite these limitations, our study results suggest bet-
ter efficacy of ceftazidime–avibactam in combination with 
aztreonam compared to polymyxins in the treatment of 
CRKP isolates in settings with a high prevalence of NDM 

carbapenemases. Further randomized-controlled studies are 
required to confirm our results.
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