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Obijectives: The increasing number of reports on infections due to carbapenem-resistant Gram-
negative bacilli (GNB) has raised concerns, because they have complicated empiric or guided
antibiotic therapy for critically ill patients. We aimed to develop a scoring system to predict
nosocomial imipenem-resistant GNB (IR-GNB) septicemia among the critically ill patients.
Materials and methods: The study included critically ill adult patients with nosocomial
GNB septicemia at Kaohsiung Chang Gung Memorial Hospital (CGMH) in 2013-2015, and
the scoring system for predicting IR-GNB septicemia was developed, followed by prospective
validation conducted among patients at Linkou CGMH and Kaohsiung CGMH between Janu-
ary and June, 2016.

Results: In the development of the scoring system, 748 patients were included. The indepen-
dent factors associated with IR-GNB septicemia were prior exposure (days) to carbapenems
(adjusted odds ratio [aOR] per 1-day increase, 1.1; 1-3 days: 2 points, 4-6 days: 5 points, 7-9
days: 8 points, and 210 days: 13 points), use of mechanical ventilation (aOR 3.7; 5 points),
prior colonization with IR-GNB strains (aOR 3.5; 5 points) within 30 days before the onset of
GNB septicemia, and comorbid condition with chronic kidney disease (aOR 2.1; 3 points). The
internal validation showed an area under the receiver operating characteristic curve (ROC) of
0.75; and an external validation among 314 patients showed similarly good performance (ROC
0.77). Youden’s index indicated the score of 26 as the best cutoff value with sensitivity of 75%
and specificity of 79%.

Conclusion: This scoring system might help clinicians stratify the risk for developing IR-GNB
septicemia among critically ill patients and combined antibiotics may be used until antimicro-
bial de-escalation/adjustment is clearly indicated by the subsequently identified GNB and its
susceptibility profile.

Keywords: antimicrobial resistance, carbapenem, bacteremia, nosocomial infection, scoring

system, outcome

Introduction

Bloodstream infection is a major cause of morbidity and mortality worldwide,' and
Gram-negative bacilli (GNB) account for nearly one-half of the cases of bacteremia.?
When confronted with severely septic patients, it is often challenging for physicians
to tailor the most suitable empiric regimen to patients before positive blood culture
reports are available.? Before the results of identification and susceptibility testing for
GNB strains are available, carbapenems such as imipenem or meropenem have been

submit your manuscript
Dove

http:

Infection and Drug Resistance 2018:11 283-293 283
© 2018 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress

Chen et al

Dove

considered as preferred agents for the treatment of patients
with moderate-to-severe infections and risk factors for
infection with multidrug-resistant GNB organisms, but are
ineffective (when given alone) against carbapenem-resistant
pathogens.?

As time to initiation of appropriate therapy is the stron-
gest modifiable independent predictor for mortality in severe
sepsis,* physicians need to act fast in order to impact the
patient outcomes. However, due to growing reports globally
of infections due to carbapenem-resistant bacteria such as
carbapenemase-producing KPC type,® the empiric admin-
istration of an antibiotic combination with the addition of
aminoglycosides has been recommended when bacterial
resistance is suspected.® To understand the risk factors for
acquiring infections caused by carbapenem-resistant GNB
could be useful in directing therapeutic resources in high-risk
patients and planning intervention. Most previous studies
dealt with patients with a specific pathogen, such as Acineto-
bacter baumannii or Klebsiella pneumoniae, to investigate
the risk factors for bacteremia caused by multidrug-resistant
pathogens,*’ but not those with preliminary blood cultures
yielding GNB. To our knowledge, studies are scarce that
compare patients with septicemia caused by imipenem-
resistant GNB (IR-GNB) to those with septicemia caused by
imipenem-susceptible GNB (IS-GNB) at sepsis onset when
the preliminary blood cultures yield GNB.

An easy-to-calculate scoring system, with high per-
formance, based solely on parameters readily available at
bedside to attending clinicians, is needed in order to direct
health care providers in their management of severely septic
patients in the hospital setting. Prior attempts to develop a
scoring system for predicting septicemia due to IR-GNB
had limitations, because it was based on only 16 cases of
bacteremia due to carbapenem-resistant Enterobacteriaceae.’
In this study, we aimed to develop a bedside scoring model
in order to help physicians quantify the likelihood for sep-
ticemia caused by IR-GNB as opposed to IS-GNB, and to
prospectively validate the scoring system among a different
cohort of patients.

Materials and methods

Patients and setting

This retrospective cohort study was performed in all patients
with mono-bacteremia caused by GNB who were admitted
to Kaohsiung Chang Gung Memorial Hospital (CGMH), a
2700-bed tertiary-care medical center in southern Taiwan,
between January 1, 2013 and December 31, 2015. In this
cohort, risk factors independently associated with IR-GNB

were identified and were used to develop a clinical prediction
score. The scores were further prospectively validated among
all GNB mono-bacteremic patients admitted to Kaohsiung
CGMH and Linkou CGMH, a 3700-bed tertiary-care medi-
cal center in northern Taiwan, between January 1 and June
30, 2016. In this current study (ethical approval and waiver
of consent), the patients were made anonymous to maintain
confidentiality of the data The Institutional Review Board
of the CGMH approved the study (No. 201601503B0) and
waived the need for patient consent because of the retrospec-
tive nature of the study.

The same inclusion and exclusion criteria were used for
all cases in derivation and validation cohorts. The inclusion
criteria were based on patients with GNB septicemia, which
was defined as the presence of at least two of four possible
systemic inflammatory response syndrome characteristics,?
age =18 years, and septicemia onset >48 hours after admis-
sion. For patients who had more than one episode of GNB
septicemia during the study period, only the first episode was
considered. These included patients were further divided into
cases of GNB septicemia due to IS-GNB and those due to
IR-GNB. A schematic flowchart is shown in Figure 1.

Data collection

The candidate variables were retrieved and reviewed from the
CGRDS (Chang Gung Research Database), which provided
information about pharmacy dispensing, demographics, and
clinical measures, including diagnosis, laboratory results, and
health care utilizations. More detailed information, including
history of indwelling devices, bloodstream infection source,
surgical interventions, exposure history of antibiotics and
other drugs (chemotherapeutic agents and steroids) within
30 days before the onset of GNB septicemia, and length of
hospital stay before the first isolation of GNB in blood cul-
tures, was also recorded. The initial severity of septicemia was
estimated with Pitt bacteremia score® and the illness sever-
ity was evaluated by Sequential Organ Failure Assessment
(SOFA) scoring systems calculated during the first 24 hours
of septicemia onset. Any of the clinical strains isolated within
30 days before the index GNB septicemia were reviewed to
assess the colonization status with IR-GNB.

Microbiologic studies

There were no changes in microbiologic laboratory tech-
niques during the study period. Blood cultures were per-
formed using the BACTEC 9240 system (Becton-Dickinson
Sparks, MD, USA). All isolated microorganisms were identi-
fied using standard biochemical tests and were verified by a
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Patients with blood culture yielding Gram-negative bacilli who were
hospitalized between January 1, 2013 and December 31, 2015

/e

xclusion criteria:
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1. Age <18 years (n=209)

2. Bacteremia within 48 hours after
admission (n=1527)
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3. No presence of at least 2 of 4 possible

Included patients (n=748)

syndrome characteristics (n=836)

systemic inflammatory response

A 4

A4

(n=89)

Patient with IR-GNB septicemia

Patient with IS-GNB septicemia
(n=659)

Figure | Flow chart of this study.

Abbreviations: IR-GNB, imipenem-resistant Gram-negative bacilli; IS-GNB, imipenem-susceptible Gram-negative bacilli.

Vitek System (bioMérieux, Marcy ’Etoile, France) using a
GNI Card. Susceptibility testing was performed following
the guidelines of the Clinical Laboratory Standards Institute
(CLS]) for susceptibility testing and the results were inter-
preted according to the CLSI at the time of the tests.!? Isolates
with intermediate susceptibility were considered resistant.

Definitions

Intensive care unit (ICU)-acquired GNB septicemia was
defined as the isolation of GNB in at least one blood cul-
ture specimen obtained more than 48 hours after septic
patients were admitted to the ICU. Bloodstream infection
sources were determined clinically based on the presence
of an active infection site coincident with bacteremia or the
isolation of a microorganism from other clinical specimens
before or on the same date of bloodstream infection onset.
If the bloodstream infection source could not be assigned to
a specific site, it was classified as primary bacteremia. The
preexisting comorbidities were assessed using the modified
Charlson comorbidity score.!' Corticosteroid therapy was
defined by 16 mg prednisone or its equivalent per day at
least for 15 consecutive days; neutropenia was defined as
<500 neutrophils per microliter of blood; chemotherapy was
defined as receipt of cytotoxic antineoplastic drugs within 30
days before the onset of the index GNB septicemia. Exposure
history of antibiotics was analyzed by the class of antibiotics
as systemic antibiotic use for >48 hours during the 30-day
period before septicemia onset. The parenteral antimicrobials
listed in the electronic database of the hospital’s pharmacy
included carbapenems (ertapenem, doripenem, imipenem,

and meropenem), non-extended-spectrum cephalosporins
(cefazolin), extended-spectrum cephalosporins (cefuroxime,
ceftriaxone, and flomoxef), antipseudomonal cephalosporins
(ceftazidime and cefepime), natural penicillin (penicillin G),
amino-penicillins (ampicillin and amoxicillin), antipseudo-
monal penicillins (piperacillin and piperacillin-tazobactam),
aminopenicillins/B-lactamase inhibitor (amoxicillin/clavula-
nate and ampicillin/sulbactam), aminoglycosides (gentamicin
and amikacin), fluoroquinolones (ciprofloxacin, levofloxacin,
and moxifloxacin), and glycopeptides (vancomycin and
teicoplanin). The IR-GNB bacteremia was defined if the
GNB isolate was resistant or intermediately susceptible to
imipenem.

Statistical analysis

Dichotomous variables were analyzed with the y2-test or
Fisher’s exact test, and continuous variables were analyzed
with the Mann—Whitney U-test. Variables with a p <0.1 in
univariate analysis were then included in the forward stepwise
multivariable logistic regression analysis. Predictor reliabil-
ity was assessed by using a bootstrap resampling technique
with 1000 samples.'? Bootstrap consisted of generating 1000
simulated populations from the distribution of the original
dataset. Each simulation results in a new sample of the same
size as the original data set (748 patients), which is generated
through a process of random selection (with replacement)
of individuals from the original sample. At each step of
the simulation, every individual from the original data set
is again eligible to be selected, irrespective of whether he
has already been selected, repeating the automated variable
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selection process by bootstrapping, that is, most frequently
selected (at least 50% of the bootstrap samples) variables
within bootstrap samples being included in the prediction
model may identify true predictors. The discriminatory power
of this derivation model was tested using receiver operating
characteristic curve (ROC) analysis by assessing the area
under the curve (AUC), and the calibration efficiency was
tested using Hosmer—-Lemeshow goodness-of-fit test for
estimating goodness of fits to the data.

A score was then calculated by assigning points based
on the regression coefficients obtained from the logistic
regression analysis for the independent risk factors of IR-
GNB septicemia by transforming the individual parameter
estimates (log[OR]/B-values) of the model into weights
(points) according to the method used in the Framingham
Heart Study.” Continuous variables will be converted to
ordinal categorical variables based on clinically meaningful
thresholds and the lowest adjusted OR/B-value will be used
as reference for each ordinal variable. An increasing amount
of points will then be assigned according to equivalently
spaced adjusted OR/B-values. All of these variables were
assigned a single point. The best cutoff point was determined
when the point yielded the best specificity and sensitivity.
The Youden index (sensitivity+specificity—1) was calculated,
and the maximum value was used to identify the optimal
cutoff.' The sensitivity, specificity, positive and negative
predictive values (PPV and NPV, respectively) for the predic-
tion model at different cutoff values were obtained using a
standard definition and methods." The scores were applied
to a prospectively included cohort of adult patients admitted
to Kaohsiung CGMH and Linkou CGMH from January 2016
to June 2016. All analyses were carried out using SAS 9.4
statistical software (SAS Institute, Cary, NC, USA).

Results

A total of 3320 patients with GNB mono-bacteremia was
admitted to Kaohsiung CGMH during the retrospective study
period; 209 patients were aged <18 years, 1527 patients had
episodes of bacteremia before or within 48 hours after admis-
sion, and 836 patients did not meet the diagnosis of sepsis; as
aresult, 748 patients (including 89 with IR-GNB septicemia
and 659 with IS-GNB septicemia) were included. The most
common pathogens isolated from patients with IS-GNB
septicemia were Enterobacteriaceae (445 isolates, 67.5%),
and the most common pathogens isolated from patients with
IR-GNB septicemia were non-glucose-fermenting GNB (81
isolates, 91.0%; Figure S1).

Comparisons of clinical characteristics between the IR-
GNB and IS-GNB group are shown in Table 1. Demographics
including sex, age, and Charlson comorbidity index were not
significantly different among the groups. The risk factors of
patients with IR-GNB septicemia in the univariate analysis
were SOFA score, Pitt bacteremia score, comorbidity condi-
tion with chronic kidney disease and cancer, recent hospi-
talization within 3 months, septicemia acquired in the ICU,
previous colonization with IR-GNB strains within 30 days
before the onset of GNB septicemia, and receiving immu-
nosuppressive therapy or invasive procedures and devices
(including total parenteral nutrition, neutropenia, central
venous catheter, urinary catheter, intubation, and mechani-
cal ventilator support) within 30 days before onset of GNB
septicemia. Patients with IR-GNB septicemia had longer
lengths of hospital stay before the onset of septicemia, and
also had longer exposure duration to almost all classes of
antimicrobial agents, except aminopenicillins/B-lactamase
inhibitors and extended-spectrum cephalosporins within 30
days before the onset of GNB septicemia (Table 1).

To develop the prediction scores for IR-GNB septice-
mia, a multivariate logistic regression model investigated
all potential predictors identified in univariate analysis,
which included duration of exposure to carbapenems, use of
mechanical ventilation, previous colonization with IR-GNB
strain within 30 days before the onset of GNB septicemia, and
comorbid condition with chronic kidney disease (Table 2).
The p-value of the Hosmer—Lemeshow test for the model
was 0.39, and the area under the ROC curve was 0.79 (95%
CI, 0.73-0.84). The risk scores were divided by significant
coefficient predictors with the smallest coefficient (0.1116)
and resulting quotient was multiplied by two to round to the
nearest integer. Overall scores for each of the patients with
GNB septicemia were calculated and evaluated for their
performance in predicting IR-GNB septicemia. Based on the
derivation model, model calibration looked satisfactory; the
probability for IR-GNB septicemia in the validation cohort
was used to divide subjects into deciles. In each of the deciles,
the number of predicted IR-GNB septicemia cases (expected)
was compared to the actual number of IR-GNB septicemia
cases (observed). Figure 2 showed that the expected number
of IR-GNB septicemia cases was less than the observed
number of cases for some deciles of risk. The predictability
of these collective scores was similar to that of individual
predictor-weighted probabilities from the final multivariate
logistic regression model (AUC, 0.75; 95% CI, 0.70—0.80).
A summary of the diagnostic accuracy of the risk score for
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Table | Clinical characteristics of 748 patients with septicemia due to Gram-negative bacilli and risk factors for acquisition of imipenem-

resistant pathogens

Characteristics IR-GNB n=89 IS-GNB n=659 p-value
Demographics

Age, median, (range), years 68 (27-99) 63 (18-93) 0.16
Male gender, n (%) 60 (67.4) 411 (62.3) 0.35
Immunosuppressive therapy within 30 days before onset of GNB septicemia, n (%)

Corticosteroids 52 (58.4) 244 (37.0) <0.01
Chemotherapy I (12.4) 166 (24.0) <0.01
Comorbid condition, n (%)

SOFA score of >7 at onset 46 (51.7) 137 (18.3) <0.01
Pitt bacteremia score of >4 at onset 54 (60.7) 226 (34.3) <0.01
Charlson comorbidity index >5 60 (81.1) 406 (74.4) 0.20
Diabetes mellitus 1(1.1) 26 (3.9) 0.18
Cardiovascular disease 13 (17.6) 69 (12.6) 0.24
Chronic kidney disease 43 (58.1) 157 (28.8) <0.01
Chronic obstructive pulmonary disease 15 (16.9) 81 (12.3) 0.23
Liver cirrhosis 24 (27.0) 188 (28.5) 0.76
Cancer 38 (42.7) 378 (57.4) 0.0l
Prior hospitalization within 3 months 58 (65.2) 423 (64.2) 0.86
Duration of hospital stay before septicemia, median (range), days 22 (3-92) 16 (3-158) <0.01
Previous IR-GNB strain colonization within 30 days 23 (25.8) 21 (3.2) <0.01
Intensive care unit—acquired septicemia 58 (65.2) 182 (27.6) <0.01
Neutropenia 5(5.6) 74 (11.2) 0.10
Major source of bacteremia*

Urinary tract infection 34 (38.2) 219 (33.2) 0.40
Catheter-related infection 25 (28.1) 167 (25.3) 0.61
Intra-abdominal infection 12 (13.5) 73 (11.1) 0.62
Pneumonia 18 (20.2) 174 (26.4) 0.25
Primary bacteremia 19 (21.3) 177 (26.9) 031
Prior invasive procedures and devices within 30 days before onset of GNB septicemia, n (%)

Total parenteral nutrition 8 (9.0) 20 (3.0) <0.01
Central venous catheter 15 (16.9) 46 (7.0) <0.01
Urinary catheter 44 (49.4) 166 (25.2) <0.01
Intubation for ventilation 6 (6.7) 16 (2.4) 0.02
Mechanical ventilator use 53 (59.6) 114 (17.3) <0.01
Surgical intervention within 30 days before onset of GNB septicemia, n (%)

Cardiothoracic and vascular surgery 6 (6.8) 34 (5.2) 0.51
Gastrointestinal surgery 7(7.9) 46 (7.0) 0.76
Neurologic surgery 3(34) 56 (7.5) 0.14
Orthopedic surgery 2(23) 17 (2.6) 0.99
Duration of antibiotic exposure within 30 days before onset of GNB septicemia, median days, meantSD (days)

Total antibiotics 15.61£8.7 9.1£8.8 <0.01
Aminopenicillins/B-lactamase inhibitors 0.9+2.3 1.1£3.6 0.94
Antipseudomonal penicillins 2.614.4 1.1£3.2 <0.01
Antipseudomonal cephalosporins 2.1%3.6 0.912.9 <0.01
Non-extended-spectrum cephalosporins 0.6x1.7 1.4%3.1 <0.01
Extended-spectrum cephalosporins 1.743.9 1.3+3.4 0.41
Carbapenems 4.5+5.8 1.0%3.1 <0.01
Fluoroquinolones 2.0%4.2 0.712.8 <0.01
Glycopeptides 2.8%5.0 1.1£3.3 <0.01

Notes: *Some patients may have more than one bacteremia source.

Abbreviations: GNB, Gram-negative bacilli; IR, imipenem-resistant; IS, imipenem-susceptible; SOFA, Sequential Organ Failure Assessment.

the various score cutoff values is shown in Table 3. Youden
index indicates that the risk score performed best at a cutoff
value of 26 points had a sensitivity of 72% and a specificity

of 78% (a PPV of 31% and an NPV of 95%)).

External validation was performed in a prospective cohort
of 1583 patients admitted to both Kaohsiung CGMH and
Linkou CGMH between January 2016 and June 2016. Of the
314 patients with GNB septicemia after admission within 48
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Table 2 Independent risk factors for septicemia due to imipenem-resistant Gram-negative bacilli and the deriving scoring system for

IR-GNB prediction

Risk factor Adjusted odds p-value Bootstrap % Scoring
ratio (95% CI) point
Duration (days) of exposure to carbapenems within 30 days before onset of GNB L1 (1.1-1.2) <0.01 95
septicemia
0 day 0
1-3 days 2
4-6 days 5
7-9 days 8
210 days 13
Use of mechanical ventilator within 30 days before onset of GNB septicemia 3.7 (2.2-6.4) <0.01 85 5
Previous colonization with IR-GNB strain within 30 days before the onset of GNB 3.5 (1.6-7.2) <0.01 8l 5
septicemia
Comorbid condition with chronic kidney disease 2.1 (1.3-3.5) <0.01 73 3
Notes: Bootstrap %: frequency of occurrence of significant variables in 1000 simulated samples.
Abbreviations: GNB, Gram-negative bacilli; IR-GNB, imipenem-resistant Gram-negative bacilli.
0.8 400
Number of patients
Observed rate
0.7 Model predicated IR-GNB
septicemia rate+SD
0.6 300
)
o 0.5 2
c S
& i
3 a
5 04 200 5
© =
s 3
Q £
o 03 2
x
0.2 100
0.1
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Figure 2 Calibration of risk model of septicemia due to imipenem-resistant Gram-negative bacilli.
Notes: Model-predicted (+SD) rates of IR-GNB septicemia (triangles and dotted line) at each range of risk score vs. observed rates of IR-GNB septicemia (circles) are

presented.
Abbreviation: IR-GNB, imipenem-resistant Gram-negative bacilli.

hours during the study period, 61 patients were infected by
IR-GNB isolates. The scoring system in predicting IR-GNB
septicemia performed relatively well, with an AUC of 0.77
(95% CI, 0.71-0.83) and a sensitivity and specificity of 75%
and 79%, respectively, at a cutoff point of 26.

Discussion
In agreement with other reports,'®!” carbapenem-resistant
Gram-negative pathogens that caused nosocomial septicemia

in our study were also mainly Enterobacteriaceae, and
non-glucose-fermenters, that is, A. baumannii or Pseu-
domonas aeruginosa. In our setting, duration of exposure
to carbapenems, use of mechanical ventilation, previous
colonization with IR-GNB strain within 30 days before the
onset of GNB septicemia, and comorbid condition with
chronic kidney disease were associated with a higher risk of
contracting IR-GNB septicemia during the hospitalization.
In studies evaluating risk factors for carbapenem-resistant
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Table 3 Accuracy of the prediction rule in the identification of septicemia due to imipenem-resistant Gram-negative bacilli, stratified

by cutoff values of the risk score

Cutoff value TP TN FP FN PPV (%) NPV (%) Se (%) Sp (%) Youden’s index (J) Acc (%)
>2 74 361 298 15 19.9 96.0 83.1 54.8 0.38 58.2
>3 72 376 283 17 20.3 95.7 80.9 57.1 0.38 59.9
>5 66 497 162 23 28.9 95.6 74.2 754 0.50 753
=6 64 514 145 25 30.6 95.4 719 78.0 0.50 773
>7 57 551 108 32 345 94.5 64.0 83.6 0.48 8l1.3
>8 57 552 107 32 348 94.5 64.0 83.8 0.48 8l.4
>9 54 573 86 35 38.6 94.2 60.7 86.9 0.48 83.8
=10 44 607 52 45 45.8 93.1 49.4 92.1 0.42 87.0
21 43 607 52 46 45.3 93.0 483 92.1 0.40 86.9
=13 36 615 44 53 45.0 92.1 40.4 933 0.34 87.0
=14 33 630 29 56 532 91.8 37.1 95.6 0.33 88.6

Abbreviations: Acc, rate of accuracy (%) of the risk score model; FN, number of false negatives; FP, number of false positives; NPV, negative predictive value; PPV, positive
predictive value; Se, sensitivity; Sp, specificity; TN, number of true negatives; TP, number of true positives.

Enterobacteriaceae infection, exposure to health care and
antimicrobials is among the most prominent risks. Patel et al
found that invasive infections with carbapenemase-producing
KPC type were independently associated with recent organ
transplantation, receipt of mechanical ventilation, exposure
to antimicrobials, and longer length of stay.'® We found that
chronic kidney disease was more important than the overall
Charlson comorbidity index in the multivariable analysis.
This finding is in line with those of previous reports that the
Charlson comorbidity index did not necessarily predict the
risk of septicemia with multi-drug-resistant organisms after
admission.!*? Furthermore, increased severity of illness in
our cohort and other study?' was not necessarily a predispos-
ing factor of infection with antibiotic resistance organisms.
A recent study conducted in ICU patients also confirmed
that emergence of imipenem resistance did not obligatorily
occur in the more severely ill patients.?

The increase in resistance among Gram-negative bac-
teria is frequently related to the high selective pressure of
antimicrobials commonly used in hospitalized patients.?*
In accordance, in the present study, prolonged duration of
exposure to almost all classes of antimicrobial agents, except
aminopenicillins/B-lactamase inhibitors and extended-
spectrum cephalosporins, within 30 days before the onset
of GNB septicemia seemed related to the emergence of
imipenem resistance in the univariate analysis. However,
after controlling for confounding factors and interaction,
duration of exposure to carbapenems within 30 days before
the onset of GNB septicemia was the independent risk factor
for nosocomial IR-GNB infection. Carbapenems have been
noted as a risk factor for infections with carbapenem-resistant
Gram-negative isolates.”>?” None of these studies have
focused on duration of exposure; therefore, data on dura-

tion of antibiotic exposure rather than only prior exposure
to antibiotics as the risk factors for IR-GNB are still limited.
Armand-Lefevre et al described that the main risk factor for
IR-GNB colonization in the intestine of ICU patients was
prior imipenem exposure;*® the odds ratio for colonization
was already as high as 5.9 after 1-3 days of exposure, which
further increased to 7.8 thereafter.”® The findings indicated
that imipenem use might be associated with the emer-
gence of IR-GNB in commensal flora in a dose-dependent
relationship.

Inadequate empiric antimicrobial therapy is consistently
associated with increased mortality in critically ill patients
mainly due to the presence of resistant organisms.?**° There-
fore, there is a critical, unmet medical need to identify, at the
bedside, which patients are at the highest risk for nosocomial
infection with multidrug-resistant pathogens so that initial
empiric therapy can target these patients. Unfortunately, most
previous studies dealing with patients with nosocomial drug-
resistant GNB bacteremia were either limited by their retro-
spective cohort design or by focusing on specific bacteria, or
some groups of patients.?*3!2 Furthermore, without aggre-
gating these risk factors, the utility of this information at the
bedside might be limited. Comprehensive decision analysis
tools and scoring systems have been employed to overcome
some of these issues.** Although informative, none was able
to generate a comprehensive validated scoring system for
critically ill patients with preliminary blood cultures yield-
ing GNB at sepsis onset. As application of clinical evidence
varies tremendously among clinicians,** use of our simple
scoring system would help clinicians narrow the variability
for decision making especially in the hospitalized patients
who were critically ill. When applied to the prospective
validation cohort of separate cohort of patients, our scoring
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system yielded AUC of 0.77 for IR-GNB septicemia. As a
result, the current scoring system is able to clearly distinguish
the low- from the high-risk patients for IR-GNB septicemia.

Strengths of this current study include the use of readily
available bedside information to formulate the scoring sys-
tem. Although this was a single-center study, further valida-
tion was done in other settings. The prospective validation of
the scoring system using a separate cohort among different
institutions indicated that scoring system was indeed robust
in predicting a nosocomial IR-GNB septicemia. However,
our study still has some limitations. First, we excluded
patients who had bacteremia before or within 48 hours
of admission to address our primary outcome of interest
— patients who developed nosocomial infections. Second,
our study is a retrospective study in derivation cohort and
the relevant data have been collected from patients’ medi-
cal records. It is possible that some important confound-
ing variables might be omitted. In addition to multivariate
analysis, we used prospective external validation in other
hospitals to minimize any potential confounding bias. Third,
there was no routine screening performed for detection of
IR-GNB during the study period. However, colonization
with IR-GNB strains within 30 days before the onset of
GNB septicemia was an independent risk factor for IR-GNB
septicemia, probably resulting from the interplay between
pathogens and the defenses of the hosts infected. Fourth,
as the clonality of the isolates was not investigated, a pos-
sible cross-transmission event could not be distinguished
from within-host resistance development. The genotypic or
phenotypic analyses were not performed on these IR-GNB
strains to understand the mechanisms of imipenem resis-
tance due to porin loss or carbapenemases. Fifth, multiple
bacteria with different virulence and susceptibility result in
difficulties interpreting and possibly create methodologic
flaws. However, the result might be a useful information
for critically ill patients with suspected or documented
GNB septicemia. Finally, we were also unable to obtain the
comprehensive antibiotic history (if any) of those patients
with previous stays at other hospitals.

In summary, duration of exposure to carbapenems, use
of mechanical ventilation, previous colonization with IR-
GNB strain within 30 days before the onset of GNB septi-
cemia, and comorbid condition with chronic kidney disease
were the factors independently related to carbapenem
resistance, indicating the need for prudent and rational use
of carbapenems. Our simple, prospectively validated risk
stratification score for prediction of nosocomial IR-GNB
septicemia may guide the clinicians to identify critically

ill patients who are at risk of antibiotic-resistant GNB
infections. In these circumstances, combined antibiotics
may be used until antimicrobial de-escalation/adjustment
is clearly indicated by the subsequently identified GNB and
its susceptibility profile.
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Figure S| Frequency of Gram-negative pathogens susceptible and resistant to imipenem. (A) All isolates; (B) isolates of non-glucose-fermenting Gram-negative bacilli.
Abbreviations: GNB, Gram-negative bacilli; IR-GNB, imipenem-resistant GNB; IS-GNB, imipenem-susceptible GNB.
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