Results: We identified 57 patients with CNS-Ecc and 140 with CNS-Kp causing BSI. The
demographics and infection characteristics were highly consistent across organisms,
both afflicting patients who were predominantly male, older and chronically ill.
Mortality at 14 days was 39% in CNS-Ecc and 38% in CNS-Kp. Similar proportions (65%
of Ecc and 68% of Kp) met the criteria for an INCREMENT score: monomicrobial and
alive over 48 hours after culture specimen. The distribution of scores was similar
within mortality outcomes across organisms, with the highest scores observed
in Kp patients who died (Figure 1). The ROC areas under the curve were 0.71 for CNSEcc and 0.75 for CNS-Kp (Figure 2). A multivariable logistic model predicting mortality
detected neither an organism effect nor an interaction of organism and INCREMENT
score.
Conclusion: The INCREMENT score, validated in a CPE cohort predominantly comprised
of Kp, performed similarly well across CNS-Ecc and CNS-Kp patients in our cohort. This
suggests the model is robust to CNS organisms of undetermined resistance mechanism
and that the association between INCREMENT and mortality is consistent
across Kp and Ecc.

- Unique patients with Ecc or Kp growing from blood
cultures, collected after 48 hours of hospitalization
- From VHA facilities nationwide, 2006-2015
- Carbapenem-NS isolates are those with reported
intermediate susceptibility or resistance to
carbapenems
- We compared characteristics, treatment and outcome
and identified factors associated with 14-day mortality
in a multivariable logistic regression
- We applied INCREMENT criteria and definitions to
calculate a prediction score
- We compared the distribution of the scores by
organism and used receiver operating curve areas
under the curve (ROC AUC) methods to compare
predictive performance between Kp and Ecc BSI

Table 1: INCREMENT scoring

Figure 1. INCREMENT score by 14-day mortality and organism

CNS-Ecc
(n=57)

CNS-Kp
(n=140)

pvalue

67.89 (11.7) 69.01 (12.47) .56

Male sex

54 (94.7)

134 (95.7)

1.0

Immunosuppressed

10 ( 17.5)

50 ( 35.7)

.02

Septic shock
Charlson index – mean,
(sd)
Pitt bacteremia score

15 ( 26.3)

41 ( 29.3)

.81

4.65 (2.45)

4.99 (2.74)

.42

2.95 (2.43)

3.43 (2.99)

.28

Previous antibiotic use

51 ( 89.5)

132 ( 94.3)

.38

Polymicrobial infection

15 ( 26.3)

28 ( 20.0)

.43

Infectious disease consult

26 ( 45.6)

101 ( 72.1)

.001

Combination therapy
Appropriate empiric
therapy
Appropriate targeted
therapy
14-day mortality

8 ( 14.3)

35 ( 25.0)

.15

17 ( 30.4)

40 ( 28.6)

.94

39 (68.4)

84 (60.0)

.35

22 (38.6)

53 (37.9)

1.0

37 (64.9)

95 (67.9)

.82

Meet INCREMENT criteria

Cases

VHA CNS-Ecc

VHA CNS-Kp

INCREMENT
Validation Cohort

INCREMENT
Group

No. (%) of
Patients

14 day
mortality
No. (%)

Low

23 (62%)

3 (13%)

Moderate

14 (38%)

6 (43%)

High

0 (0%)

N/A

Low

51 (54%)

10 (20%)

Moderate

27 (28%)

10 (37%)

High

17 (18%)

10 (59%)

Low

61%

18%

Moderate

25%

50%

High

14%
Low = 0-8; Moderate = 9-13; High = 14+

Table 2. Characteristics and outcomes of carbapenem-NSEcc and carbapenem-NS-Kp BSI

Age – mean (sd)
- INCREMENT score is a validated predictive model for
mortality caused by extended-spectrum betalactamase (ESBL) or carbapenemase-producing
Enterobacteriaceae (CPE) BSI
- Most CRE BSI in the VHA are Klebsiella pneumoniae
(Kp) or Enterobacter cloacae complex (Ecc).
- We applied the INCREMENT score to predict mortality
in patients with CNS-Kp and CNS-Ecc BSIs in the VHA
- We compared the distribution and predictive
performance of the score across organisms

- General characteristics were consistent across
organisms, both groups were predominantly male,
older and chronically ill
- Similar proportions of CNS-Ecc and CNS-Kp BSI met
criteria for INCREMENT score (65% vs 68%)
- The distribution of scores was similar within mortality
outcomes across organisms, with the highest scores
observed in Kp patients who die
- Similar ROC AUC across organisms: 0.75 (0.58, 0.92) for
CNS-Ecc vs. 0.71 (0.60, 0.82) for CNS-Kp
- Logistic model predicting mortality detected neither
an organism effect nor organism-by-INCREMENT effect

Alive

Deceased

Figure 2. ROC curves by organism

Specificity

80%

- Patients with CNS-Ecc and CNS-Kp BSI are similar in age
and comorbidities and 14-day all-cause mortality rates
are similar across these two organisms
- Within these cohorts of patients, a similar proportion
meet the inclusion criteria for the INCREMENT score
- The INCREMENT score, validated in a CPE cohort
predominantly comprised of Kp, performed similarly
well across CNS-Ecc and CNS-Kp patients in our cohort
- This suggests the model is robust to CNS organisms of
undetermined resistance mechanism and that the
association between INCREMENT and mortality is
consistent across Kp and Ecc

Sensitivity

Methods: Using nationwide VHA databases, unique patients in the continental US
with Kp or Ecc BSI post 48 hours of hospitalization from 2006-2015 were identified.
Isolates with intermediate susceptibility or resistance to any tested carbapenem were
considered non-susceptible. We used databases and medical records to obtain clinical
characteristics, treatment, and outcomes, and applied INCREMENT criteria and
definitions to calculate a prediction score. We compared the distribution of the scores
by organism and used receiver operating curve methods to compare predictive
performance between Kp and Ecc BSI.

Table 3. Patient distribution and mortality rates by
INCREMENT scoring group

INCREMENT score

Background: INCREMENT is an international collaborative study of BSI caused by
extended-spectrum beta-lactamase (ESBL) or carbapenemaseproducing Enterobacteriaceae (CPE) that has developed and validated predictive
models for mortality. Most CNS Enterobacteriaceae BSI in the VHA are either Kp or Ecc.
We applied the INCREMENT score for CPE to predict mortality in patients with CNSKp and CNS-Ecc BSIs in the VHA and compared the distribution and predictive
performance of the score across organisms.
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