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a b s t r a c t 

External validation of the INCREMENT-CPE risk score (ICS) for 30-day all-cause mortality is needed. There 

is also scarce information about whether colistin resistance influences the prognosis of carbapenem- 

resistant Klebsiella pneumoniae (CRKp) bacteraemia. In this study, the ability of ICS to predict all-cause 

mortality in the KAPECOR cohort was calculated using the area under the receiver operating character- 

istic (AUROC) curve. The association of colistin resistance with mortality was studied. The ICS showed 

an AUROC curve of 0.77 (95% CI 0.68–0.86). A cut-off of 8 points showed 96.8% sensitivity and 50.7% 

specificity. Mortality of low-risk patients was not different in those treated with monotherapy versus 

combination therapy. However, mortality of high-risk patients treated with combination therapy (37.8%) 

was significantly lower than in those treated with monotherapy (68.4%) ( P = 0.008). To study the prog- 

nostic significance of colistin resistance, 83 selected cases of bacteraemia due to colistin-susceptible CRKp 

were obtained from the INCREMENT cohort for comparison. Colistin resistance could not be shown to be 

associated with higher mortality in either the high-risk ICS group [adjusted odds ratio (aOR) = 1.56, 95% 

CI 0.69–3.33; P = 0.29] or in 37 ICS-matched pairs (aOR = 1.38, 95% CI 0.55–3.42; P = 0.49), or in a sen- 

sitivity analysis including only KPC isolates (aOR = 1.81, 95% CI 0.73–4.57; P = 0.20), but the precision of 

estimates was low. These results validate ICS for all-cause mortality and to optimise targeted therapy for 

CRKp bacteraemia. Colistin resistance was not clearly associated with increased mortality. 
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. Introduction 

Carbapenem-resistant Klebsiella pneumoniae (CRKp) infections 

re associated with high mortality [1–8] . To improve the progno-

is, optimising both empirical and targeted treatment is essential.

he INCREMENT-CPE score (ICS), developed from a multinational

ohort study [9] , allows a mortality risk categorisation that might

e useful for treatment decisions because it may help to select

igh-risk patients who would benefit from combination therapy,

s shown both for the empirical treatment of CRKp colonised pa-

ients [10] and for targeted therapy [9] . However, the ability of the

CS to predict mortality or to aid in decision-making about com-

ination targeted treatment has not been validated in an external

ohort. The KAPECOR cohort includes cases of bacteraemia caused

y colistin-resistant, KPC-producing CRKp conducted in the course

f an outbreak in a single centre. In a previous analysis of this co-

ort, in which the efficacy of colistin-free regimens was shown, the

nly variable used to stratify the risk of mortality was the severity

f systemic response (septic shock) [11] . 

Available options for the treatment of CRKp are usually very

imited, particularly if the minimum inhibitory concentration (MIC)

f carbapenems is very high. Polymyxins have been a cornerstone

n the treatment of these infections [12] and, despite the recent

vailability of new drugs such as ceftazidime/avibactam, will still

e frequently required to avoid the overuse of these newer drugs.

owever, resistance to colistin is increasing and it is important to

valuate the impact of colistin resistance in patient outcomes. 

Therefore, the objectives of this study were to externally vali-

ate the prognostic ability of the ICS in the KAPECOR cohort and

o study whether colistin resistance is related to a worse progno-

is after controlling for other variables associated with the risk of

ll-cause mortality. 

. Materials and methods 

.1. Study design 

The prognostic capacity of ICS was investigated in the KAPECOR

ohort (see Section 2.2 ). To study whether colistin resistance

s associated with a worse prognosis of CRKp bacteraemia, pa-

ients from this cohort were compared with patients with colistin-

usceptible CRKp bacteraemia from the INCREMENT cohort (see

ection 2.3 ). This report follows the STROBE recommendations

13] (see Supplementary Table S1). 

.2. KAPECOR cohort 

The study design and the clinical and microbiological charac-

eristics of the KAPECOR cohort have been described previously

11] . In summary, it is a retrospective cohort study of bacteraemia

ue to colistin-resistant, KPC-producing CRKp in which all isolates

lso showed high-level meropenem resistance (MIC ≥ 64 mg/L).

ll included patients were treated with in vitro-active regimens

hat were initiated in the first 5 days after extraction of the index

lood culture. Patients with polymicrobial bacteraemia, those with

n intra-abdominal source of infection (which are usually polymi-

robial) and patients who survived < 48 h after initiating active an-

ibiotic treatment were excluded. 

The KAPECOR project was approved by the Ethics Committee

f the Hospital Universitario Reina Sofía (Cordoba, Spain) [code

848], which waived the need to seek written informed consent

wing to the observational nature of the study, and by the Spanish

gency for Medicines and Health Products (AEMPS) [code FIC-KPC-

015-01]. 

Klebsiella pneumoniae index isolates in this outbreak were previ-

usly characterised as belonging to the sequence type 512 (ST512)
lone by the reference laboratory of Hospital Universitario Vir-

en Macarena (Seville, Spain) [11,14] . Resistance to colistin, as de-

ned using commercial panels, was confirmed by broth microdilu-

ion following the recommendations of the Clinical and Laboratory

tandards Institute–European Committee on Antimicrobial Suscep- 

ibility Testing (CLSI-EUCAST) Joint Polymyxin Breakpoints Work-

ng Group [15] in 22 of 24 available isolates (colistin MICs were 2

nd 1 mg/L and 0.25 and 1 mg/L in duplicate assays for the other

 isolates). Selected strains yielded negative screening for mcr-1

16] and mcr-2 [17] genes by PCR using specific primers. 

.3. INCREMENT cohort 

The characteristics of the INCREMENT cohort (ClinicalTrials.gov

D: NCT01764490) have also been published previously [9] . This is

n international retrospective cohort including consecutive patients

ith bacteraemia caused by carbapenemase-producing Enterobac- 

eriaceae (CPE) between 1 January 2004 and 31 December 2013.

he study was approved by the Ethics Committee of the Hospi-

al Universitario Virgen Macarena [code 1921], which waived the

eed to seek written informed consent owing to the observational

ature of the study, and by the AEMPS [code JRB-ANT-2012-01].

o investigate the prognostic significance of colistin resistance, pa-

ients with colistin-susceptible CRKp bacteraemia treated with this

rug were selected for comparison. As in the KAPECOR cohort, only

atients with a vascular, urinary or pulmonary source of bacter-

emia and those who started active treatment in the first 5 days

fter the index blood culture were selected. Patients who survived

 48 h after initiating active antibiotic treatment were excluded. 

.4. Variables and definitions 

The main outcome variable was all-cause mortality at 30 days

fter the index blood culture. The variables collected in both co-

orts and their definition have been described previously [11,18] .

xplanatory variables for validation of the ICS were studied on the

ay the blood culture was taken. The variables included in the ICS

ere: severe sepsis or septic shock at presentation (5 points); Pitt

acteraemia score ≥6 (4 points); Charlson comorbidity index ≥2

3 points); source of bloodstream infection other than urinary or

iliary tract (3 points); and inappropriate early targeted therapy (2

oints) [18] . Inappropriate early targeted therapy was not consid-

red here as this was an exclusion criteria (see above). Therefore,

he maximum ICS was 15 points. Patients with ≥8 and < 8 points

n the ICS were considered to be at high and low risk of mortality,

espectively [18] . 

Treatment initiated after receiving the susceptibility results was

onsidered targeted therapy. A targeted antibiotic treatment regi-

en was considered active when it included at least one antibiotic

o which the isolate was susceptible. In the case of gentamicin, in-

ermediate susceptibility in vitro was accepted as this was some-

imes the only available active drug in the KAPECOR cohort. The

ntibiotic regimens used in both cohorts have been described pre-

iously [9,11] . To classify patients as receiving a specific regimen,

he regimen should have been initiated in the first 5 days following

he index blood culture and maintained for ≥70% of the duration

f treatment (or > 48 h if the patient died before). 

.5. Statistical analysis 

Results were expressed as the median and interquartile range

or continuous variables and as number (percentage) for categori-

al variables. Crude comparison for continuous variables was per-

ormed using the Mann–Whitney U -test. For categorical variables,

he Pearson’s χ2 test with Yates’ continuity correction or Fisher’s

xact test were used as appropriate. The area under the receiver
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Table 1 

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy of the INCREMENT- 

CPE risk score for 30-day all-cause mortality in the KAPECOR cohort. 

Score Proportion of 

patients (%) 

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) 

≥3 100.00 100.0 0.0 31.0 – 31.0 

≥4 86.00 96.8 18.8 34.9 92.9 43.0 

≥5 86.00 96.8 18.8 34.9 92.9 43.0 

≥6 84.00 96.8 21.7 35.7 93.8 45.0 

≥7 65.00 96.8 49.3 46.2 97.1 64.0 

≥8 64.00 96.8 50.7 46.9 97.2 65.0 

≥9 49.00 80.6 65.2 51.0 88.2 70.0 

≥10 48.00 77.4 65.2 50.0 86.5 69.0 

≥11 45.00 77.4 69.6 53.3 87.3 72.0 

≥12 19.00 32.3 87.0 52.6 74.1 70.0 

≥13 10.00 16.1 92.8 50.0 71.1 69.0 

≥14 10.00 16.1 92.8 50.0 71.1 69.0 

≥15 10.00 16.1 92.8 50.0 71.1 69.0 

Table 2 

All-cause mortality of the KAPECOR cohort according to mortality risk (by ICS) and type of treatment. 

Mortality risk n / N (%) P -value 

Total Monotherapy Combination therapy 

Low-risk mortality score (ICS 0–7) 1/36 (2.8) 0/12 (0) 1/24 (4.2) 1 a 

High-risk mortality score (ICS 8–15) 30/64 (46.9) 13/19 (68.4) 17/45 (37.8) 0.008 b 

ICS, INCREMENT-CPE risk score. 
a,b P -values determined using Fisher’s exact test a or log-rank test b ; a P -value of < 0.05 was considered statistically 

significant. 
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operating characteristic (AUROC) curve with the 95% confidence in-

terval (CI) was used to quantify the discriminative capacity of the

ICS to predict all-cause mortality in the KAPECOR cohort. Sensitiv-

ity, specificity, positive predictive value (PPV), negative predictive

value (NPV) and accuracy were calculated in the KAPECOR cohort

for different cut-off points of the ICS. 

For evaluation of the prognostic significance of colistin resis-

tance, multivariate analysis using Cox regression was attempted,

but the condition of proportional risks was not met and logis-

tic regression was therefore used. The year in which bacteraemia

occurred was also considered. Variables with a P -value of < 0.05

were considered significant. Possible interactions between vari-

ables were studied. Variables with a P -value of < 0.1 in the uni-

variate analyses were included in the models and were consid-

ered to be confounders if the percentage change in the coefficients

was greater than 20%. The Hosmer–Lemeshow statistic was used

to assess the goodness-of-fit of the model. This analysis was com-

plemented by a conditional logistic regression analysis of a sub-

group of pairs of colistin-susceptible and colistin-resistant patients

matched by ICS and by use of monotherapy or combination tar-

geted therapy, as well as by a sensitivity analysis that was per-

formed to investigate the effect of colistin resistance in the sub-

group of KPC isolates. Survival curves were obtained using the

Kaplan–Meier method and were compared using the log-rank test.

Analyses were performed using R v.3.0.1 and IBM SPSS Statistics

v.20.0 (IBM Corp., Armonk, NY, USA). 

3. Results 

3.1. Validation of the ICS in the KAPECOR cohort: risk of 30-day 

all-cause mortality and efficacy of combined treatment 

The KAPECOR cohort included 100 patients. The ICS applied to

the KAPECOR cohort showed an AUROC of 0.77 (95% CI 0.68–0.86)

(Supplementary Fig. S1), suggesting that the ICS is a good predictor

of all-cause mortality risk. The sensitivity, specificity, PPV, NPV and

accuracy for different cut-offs are shown in Table 1 . A cut-off of 8
howed a sensitivity of 96.8% and a NPV of 97.2% but moderate

pecificity (50.7%) and PPV (46.9%) ( Table 1 ). 

The KAPECOR cohort was stratified according to risk of mortal-

ty by applying the ICS: 36 patients (36.0%) were classified as low

isk and 64 patients (64.0%) as high risk. The crude mortality of pa-

ients classified as low risk was 2.8% (1/36), whilst that of patients

lassified as high risk was 46.9% (30/64) ( P < 0.001, log-rank test).

he mortality of low-risk patients treated with monotherapy was

ot significantly different from that observed in those treated with

ombination therapy [0/12 vs. 1/24 (4.2%); P = 1]. However, the

ortality of high-risk patients treated with combination therapy

as significantly lower than that of those treated with monother-

py [17/45 (37.8%) vs. 13/19 (68.4%); P = 0.008, log-rank test]

 Table 2 ). Fig. 1 shows the survival curves of patients in the high-

isk mortality stratum as a function of having received monother-

py or combination therapy. 

A total of 44 patients from the KAPECOR cohort had septic

hock, of whom 43 were classified in the high-risk group. More-

ver, 18 additional patients who had severe sepsis were also clas-

ified in the high-risk group when the ICS was applied. Of these

8 patients, 11 (61.1%) were treated with monotherapy of which 8

ied, and 7 patients (38.9%) received combination therapy of which

 died. 

.2. Prognostic significance of colistin resistance 

To study the prognostic significance of colistin resistance, 83

ases of bacteraemia due to colistin-susceptible CPE were obtained

rom the INCREMENT cohort. A flow chart of the patients included

n the analysis is provided in Fig. 2 . The baseline characteristics

f the patients from both cohorts stratified according to the risk

f 30-day all-cause mortality (by ICS) are shown in Supplemen-

ary Tables S2 and S3. Significant differences were observed in

ome variables potentially related to mortality risk. Patients in the

APECOR cohort had a higher percentage of septic shock and a

igher Charlson comorbidity index. Combination targeted therapy

as also more frequent. Pneumonia and vascular sources of infec-

ion were significantly different between both cohorts. A stratified
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Fig. 1. Survival curves of KAPECOR patients with high risk of mortality (ICS 8–15 points) represented according to targeted treatment (monotherapy versus combination 

therapy). ICS, INCREMENT-CPE risk score. 

Fig. 2. Flow chart of patients from the KAPECOR and INCREMENT cohorts included in the study. 
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omparison of both cohorts according to ICS mortality risk is also

hown in Supplementary Table S3. The treatment regimens used in

he KAPECOR cohort have been described previously [11] . 

In the KAPECOR cohort, patients with colistin-resistant CRKp

acteraemia classified as low risk according to ICS and treated

ith monotherapy had a crude mortality score of 0 at 30 days

 Table 2 ). Therefore, the prognostic significance of colistin resis-

ance was only analysed in the subgroup of high-risk patients

109 patients) from both cohorts: 45 colistin-susceptible cases

ere treated with colistin in monotherapy (23 patients) or combi-

ation therapy (22 patients), and 64 colistin-resistant cases were
reated without colistin in monotherapy (19 patients) or combi-

ation therapy (45 patients). Table 3 shows the univariate and

ultivariate analyses of 30-day all-cause mortality. In the logistic

egression analysis, only combination targeted therapy was signif-

cantly protective for mortality [adjusted odds ratio (aOR) = 0.34,

5% CI 0.14–0.77; P = 0.01]; resistance to colistin could not be

hown to be associated with higher mortality but the estima-

ion was not precise as the 95% CI was wide (aOR = 1.56, 95%

I 0.69–3.33; P = 0.29). A sensitivity analysis performed to com-

are only KPC isolates confirmed that only combination targeted

herapy was protective for mortality (aOR = 0.33, 95% CI 0.14–0.78;
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Table 3 

Univariate and multivariate analyses of 30-day all-cause mortality in patients with carbapenemase-producing Klebsiella pneumoniae bacteraemia and high mortality risk (ICS 

8–15 points). 

Variable Logistic regression (109 patients) Conditional regression (37 matched pairs) 

Alive (60) Dead (49) P -value Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis 

OR (95% CI) P -value OR (95% CI) P -value OR (95% CI) P -value OR (95% CI) P -value 

Age [median (IQR)] b 59 (47.4–71.0) 67 (52.0–73) 0.13 1.02 (0.99–1.04) 0.14 1.01 (0.97–1.04) 0.64 

Male [ n (%)] a 38 (63.3) 27 (55.1) 0.38 0.68 (0.31–1.44) 0.31 0.29 (0.06–1.38) 0.12 

Study period 2004–2011 

[ n (%)] a 
20 (33.3) 17 (34.7) 0.88 1.06 (0.48–2.35) 0.88 1.33 (0.46–3.84) 0.59 

KPC [ n (%)] a 54 (90.0) 42 (85.7) 0.49 0.65 (0.21–1.97) 0.45 0.75 (0.17–3.35) 0.71 

Colistin resistance [ n 

(%)] a 
34 (56.7) 30 (61.2) 0.63 1.21 0.56–2.62) 0.63 1.56 

(0.69–3.33) 

0.29 1.38 (0.55–3.42) 0.49 1.38 

(0.55–3.42) 

0.49 

Appropriate empirical 

therapy [ n (%)] a 
38 (63.3) 26 (53.1) 0.38 0.71 (0.34–1.51) 0.38 0.57 (0.22–1.46) 0.25 

Delay in first active 

therapy from blood 

culture (per day) 

[median (IQR)] b 

1 (0–3.4) 2 (1–3.5) 0.77 1.14 (0.91–1.44) 0.25 0.97 (0.58–1.6) 0.90 

Targeted therapy [ n (%)] a 0.01 N/A 

Monotherapy 17 (28.3) 25 (51.0) Ref. Ref. 

Combination therapy 43 (71.7) 24 (49.0) 0.38 (0.17–0.83) 0.02 0.34 

(0.14–0.77) 

0.01 

ICS, INCREMENT-CPE score; OR, odds ratio; CI, confidence interval; IQR, interquartile range; KPC, Klebsiella pneumoniae carbapenemase; N/A, not applicable. 
a,b P -values were determined using Pearson’s χ2 test a or Mann–Whitney U -test b ; a P -value of < 0.05 was considered statistically significant. 
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P = 0.01), and again resistance to colistin was not clearly associ-

ated with higher mortality (aOR = 1.81, 95% CI 0.73–4.57; P = 0.20).

Subsequently, 37 pairs of cases matched by ICS and monother-

apy or combination therapy were selected. Mortality was 14/37

(37.8%) among patients with colistin-susceptible isolates and 17/37

(45.9%) for those with colistin-resistant isolates. The estimate for

the impact of colistin resistance was similar to that found in pre-

vious analyses by conditional regression (aOR = 1.38, 95% CI 0.55–

3.42; P = 0.49) ( Table 3 ). Supplementary Fig. S2 shows the sur-

vival curves of patients in the high-risk stratum as a function of

colistin resistance in the global cohort (Supplementary Fig. S2A)

and in the selected pairs (Supplementary Fig. S2B). Supplemen-

tary Fig. S3 shows the survival curves of high-risk patients treated

with monotherapy and combination therapy based on colistin re-

sistance. 

4. Discussion 

The results of this study support the potential utility of the ICS

as a predictor of mortality in a cohort of patients with colistin-

resistant CRKp bacteraemia and high-level meropenem resistance.

The ICS was found to be highly predictive of mortality. When ap-

plied to the KAPECOR cohort, the predictive capacity of ICS (AU-

ROC = 0.77) was very similar to that of the INCREMENT cohort for

30-day mortality (AUROC = 0.78 in the derivation cohort and 0.76

in the validation cohort) [18] . 

Because only patients with an ICS ≥ 8 in the INCREMENT co-

hort benefited from combination treatment [18] , the ICS might

be used in clinical practice to decide whether combination ther-

apy is required. However, an external validation for such use was

needed. The sensitivity of ICS in the INCREMENT validation cohort

for mortality was 83.6% and was even higher in the KAPECOR co-

hort (96.8%). However, the specificity of ICS in the KAPECOR cohort

was lower than that observed in the INCREMENT cohort (50.7% vs.

60.6%) [18] . This suggests that combination treatment might need

to be considered for some low-risk patients; nevertheless, it would

allow avoiding combination therapy for a significant subset of pa-

tients. It is striking that the mortality of KAPECOR patients with

an ICS < 8 treated with monotherapy was zero. It is also obvious

that patients classified as high risk by ICS (ICS ≥ 8) benefited from

combination therapy, as mortality was significantly reduced (68.4%

to 37.8%; P = 0.008, log-rank test). 
A previous analysis of the KAPECOR cohort showed that com-

ination therapy only reduced mortality in patients with septic

hock [11] . This conclusion was based on the observation of a sta-

istical interaction between both variables, without applying the

CS. With that information, combined treatment would be indi-

ated in 48 patients of this cohort [11] . Application of the ICS

howed that 64 patients of the KAPECOR cohort had an ICS ≥
, which implies that 18 additional high-risk patients would re-

eive combination therapy. In fact, 72.7% (8/11) of these addi-

ional high-risk patients who received monotherapy died. There-

ore, our results suggest that the ICS provides useful additional

nformation rather than simply considering septic shock. Fur-

hermore, we recently showed that the ICS is useful to decide

etween monotherapy and combination therapy for empirical

reatment in patients colonised with CRKp who developed an in-

ection with a high probability of being caused by this bacteria ac-

ording to the Giannella risk score [10] . A recent randomised trial

ound that colistin plus meropenem was not associated with lower

ortality than monotherapy with colistin in infections caused by

arbapenem-resistant Gram-negative bacteria [19] . However, most

atients in that study had infections with Acinetobacter baumannii

nd therefore this might not apply to CRKp. Moreover, patients in

he KAPECOR cohort were infected with colistin-resistant isolates. 

In recent years, colistin has become a cornerstone for the treat-

ent of CRKp infections [9,20] . The occurrence of outbreaks caused

y colistin-resistant CRKp is of concern [14,21–24] , mainly be-

ause some reports have associated colistin resistance with higher

ortality [25,26] . The KAPECOR cohort, which includes colistin-

esistant CRKp strains with high-level meropenem resistance, pro-

ided an opportunity to investigate the prognostic significance of

olistin resistance in a setting of targeted therapy free of colistin

nd carbapenems. To achieve this objective, these patients were

ompared with those from the INCREMENT cohort with colistin-

usceptible isolates treated with colistin and who met the same in-

lusion criteria as those in the KAPECOR cohort. It should be noted

hat patients from both cohorts showed some differences (Sup-

lementary Table S3). The KAPECOR cohort included more severe

ases with a higher risk of mortality. The proportion of patients

ith an ICS ≥ 8 was 9 percentage points higher than that of the

NCREMENT validation cohort (55.2% vs. 64.0%) [11,18] . However,

s this was a single-centre study conducted in the course of an

utbreak and subsequent endemicity, patients could be identified

arly on. This translated into a very low mortality in the low-risk
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atients and in the frequently correct therapeutic management of

igh-risk patients, both from an empirical and targeted viewpoint

combination therapy). We could not demonstrate that resistance

o colistin was associated with higher mortality when the bacter-

emia was monomicrobial and from a vascular, pulmonary or uri-

ary source. In this scenario, the variable associated with mortality

n the high-risk group (ICS 8–15) is type of treatment (monother-

py or combination therapy) and not resistance to colistin ( Table 3 ;

upplementary Figs S2 and S3). Specific studies are necessary to

etermine whether colistin-resistant isolates are associated with

ower virulence. 

The development of new and more active drugs (ceftazidime/

vibactam, cefiderocol, imipenem/relebactam, meropenem/ 

aborbactam, plazomicin and others) [27–32] will provide new, ac-

ive therapeutic options for colistin-resistant, carbapenem-resistant

trains. In addition, it will be necessary to study whether these

rugs are even effective in monotherapy for patients with an ICS

8. In the future, alternative approaches to antibiotic therapy for

ombatting CRKp would be needed [33] . 

This study has the typical limitations of retrospective observa-

ional studies. The data were obtained from two cohorts with very

ifferent characteristics. Besides, the INCREMENT cohort includes

nterobacteriaceae producing KPC, OXA and some VIM carbapene-

ases, whilst the KAPECOR cohort only includes cases of K. pneu-

oniae producing KPC carbapenemase. Therefore, the possibility of

election bias cannot be eliminated. The number of cases is lim-

ted by the size of each cohort. To minimise the effect of these

imitations, advanced statistical methods were used in the analysis,

uch as comparison of both groups matched by variables that have

een significantly associated with mortality in these infections, as

y ICS (which includes source of infection, co-morbidity and sever-

ty of infection), or by use of monotherapy or combination tar-

eted therapy, as well as controlling the study period, or conduct-

ng a sensitivity analysis including only KPC isolates. The ICS has

een validated in an external cohort with different characteristics

hich indicated that the ICS is a valuable tool in different clinical

cenarios. 

In conclusion, this study provides an external validation of the

CS and indicates that colistin resistance of CRKp strains might not

orsen the prognosis if targeted treatment without colistin is early

nd adequate. 
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