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ARTICLE INFO SUMMARY
Article history: Background: Gram-negative complicated urinary tract infections (cUTIs) can have serious
Received 13 July 2018 consequences for patients and hospitals.
Accepted 23 November 2018 Aim: To examine the clinical and economic burden attributable to Gram-negative car-
Available online 29 November bapenem-non-susceptible (C-NS; resistant/intermediate) infections compared with
2018 carbapenem-susceptible (C-S) infections in 78 US hospitals.

Methods: All non-duplicate C-NS and C-S urine source isolates were analysed. A subset had
Keywords: principal diagnosis ICD-9-CM codes denoting cUTI. Collection time (<3 vs >3 days after
Gram-negative admission) determined isolate classification as community or hospital onset. Mortality, 30-
Complicated urinary tract day re-admissions, length of stay (LOS), hospital cost and net gain/loss in US dollars were
infection determined for C-NS and C-S cases, with the C-NS-attributable burden estimated through
Mortality propensity score matching. Three subgroups with adequate patient numbers were ana-
Length of stay lysed: cUTI principal diagnosis, community onset; other principal diagnosis, community
30-Day re-admission onset; and other principal diagnosis, hospital onset.
Hospital cost Findings: The C-NS-attributable mortality risk was significantly higher (58%) for the other

principal diagnosis, hospital-onset subgroup alone (odds ratio 1.58, 95% confidence in-
terval 1.14—2.20; P < 0.01). The C-NS-attributable risk for 30-day re-admission ranged
from 29% to 55% (all P < 0.05). The average attributable economic impact of C-NS was 1.1
—3.9 additional days LOS (all P < 0.05), US$1512—10,403 additional total cost (all
P < 0.001) and US$1582—11,848 net loss (all P < 0.01); overall burden and C-NS-attrib-
utable burden were greatest in the other principal diagnosis, hospital-onset subgroup.
Conclusion: Greater clinical and economic burden was observed in propensity-score-matched
patients with C-NS infections compared with C-S infections, regardless of whether cUTI was
the principal diagnosis, and this burden was most severe in hospital-onset infections.
© 2018 Merck Sharp & Dohme Corp. and The Authors. Published by Elsevier LTD. on behalf
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Introduction

Urinary tract infections (UTIs) are among the most common
healthcare-associated infections in the USA, with the majority
of UTls linked to the use of an indwelling catheter [1,2].
Complicated UTlIs (cUTlIs) are distinguished from UTIs based on
the presence of structural or functional abnormalities of the
urinary tract, or clinical manifestations such as pyelonephritis
[3,4]. Gram-negative bacteria such as Escherichia coli, Kleb-
siella spp., Pseudomonas spp., Enterobacter cloacae and Pro-
teus mirabilis are most commonly implicated in cUTIs [4—6].
Antimicrobial surveillance programmes indicate an increase in
Gram-negative bacterial strains that are resistant to multiple
antimicrobial agents, including aminoglycosides, cephalospo-
rins, carbapenems, fluoroquinolones and penicillins, with
adverse consequences associated with the loss of these treat-
ment options [7—11].

The Centers for Disease Control and Prevention has
declared the rise of carbapenem-resistant Enterobacteri-
aceae (CRE) to be an urgent public health threat; similarly,
the World Health Organization identified these pathogens as
a critical priority to address and for which new antibiotics
are needed [12,13]. In a recent retrospective cohort study,
an Enterobacteriaceae was the infecting organism in
approximately 17% of patients hospitalized for UTI, pneu-
monia or sepsis [14]. The majority (54%) of Enterobacteri-
aceae infections occurred in patients with UTI, and 2.9% of
these infections were resistant to carbapenem antibiotics
[14]. In another retrospective study of hospitalized patients
with cUTI, antimicrobial resistance was also detected in
P. aeruginosa and Acinetobacter baumannii, with observed
carbapenem resistance rates of 11.7% and 42.0%, respec-
tively [15].

Recent studies have indicated that carbapenem-non-
susceptible (C-NS) Gram-negative pathogens can be associ-
ated with prolonged hospital length of stay (LOS), increased
costs and increased mortality compared with carbapenem-
susceptible (C-S) bacteria in various infection types [5,15,16].
This multi-centre study compared C-NS and C-S Gram-negative
urinary-tract-sourced isolates from a large sample of >40000
isolates from 78 US hospitals, and assessed the C-NS-attribut-
able clinical and economic burden according to principal
diagnosis and infection-onset period.

Methods
Data source

This study used electronically captured and de-identified
patient-level microbiological and administrative data from
the BD Insights Research Database (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) [17—19]. The data set
included microbiological data (specimen collection time,
source, and culture and susceptibility results), hospital loca-
tion data and postdischarge administrative data (principal
diagnosis, discharge disposition, payer, hospital LOS, total cost
and payment received). Financial data were captured in the
hospital’s financial system. The net gain/loss was defined as
the total payment received minus total cost, with a negative
value indicating net loss.

Study population

The study population consisted of adult inpatients at 78 US
acute care hospitals in the BD Insights Research Database from
15t January 2013 to 30" September 2015. Isolates obtained
from patients were included if they were tested for carbape-
nem susceptibility and if they were non-duplicate (the first
isolate obtained from a patient per 30-day period), Gram-
negative and from a urinary tract source. The 30-day non-
duplicate criterion is the same definition used by the Centers
for Disease Control and Prevention National Healthcare Safety
Network [20]. The study protocol was approved by the New
England Institutional Review Board (Wellesley, MA, USA).

Definitions

Carbapenem-non-susceptible vs carbapenem-susceptible
cases

Non-duplicate, Gram-negative isolates from a urinary tract
source that tested as ‘resistant’ or ‘intermediate’ to imipenem
or meropenem for P. aeruginosa and A. baumannii (as erta-
penem is intrinsically not active against these pathogens), or
‘resistant’ or ‘intermediate’ to ertapenem, imipenem or mer-
openem for Enterobacteriaceae (E. coli, Klebsiella pneumo-
niae, P. mirabilis, E. cloacae, Enterobacter aerogenes,
Serratia marcescens, Citrobacter freundii, Morganella mor-
ganii) were classified as C-NS; otherwise, isolates were classi-
fied as C-S. ‘Resistant’ and ‘intermediate’ were based on the
hospital’s interpretation of susceptibility test results reported
in the clinical laboratory information system.

Principal diagnosis

All patients included in the analysis had isolates obtained
from a urine source. A principal diagnosis of International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes that denoted cUTI (when viewed in
conjunction with a positive urine culture) was identified in a
subset of patients (see Table A1, online supplementary
material).

Infection-onset period

Isolates were classified as community onset or hospital
onset based on the specimen collection time (<3 vs >3 days
after admission, respectively).

Statistical analysis

Propensity score matching

Using C-NS and C-S as a binary variable, propensity score
models were developed within four subgroups, thereby
permitting adjustment of potential confounders. Subgroups
were based on: (1) principal diagnosis (cUTI vs other principal
diagnosis) and (2) infection onset (community onset vs hospital
onset). Subgroups were as follows: Group 1, cUTI principal
diagnosis, community onset; Group 2, cUTI principal diagnosis,
hospital onset; Group 3, other principal diagnosis, community
onset; and Group 4, other principal diagnosis, hospital onset.

The confounding factors included in the propensity score
models were age, sex, intensive care unit (ICU) admission
status, exposure risk [defined as number of days from admis-
sion to onset of infections (for hospital-onset subgroups only)],
type of Gram-negative organism(s), principal-diagnosis-based
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Patients with non-duplicate urine source
isolates tested for carbapenem susceptibility

(N=40,681)
Other PDX: N=33,418
Group B
CO: N=27,744
C-NS: C-S: C-NS: C-S: C-NS: C-S: C-NS: C-S:
N=273 N=6898 N=10 N=82 N=880 N=26,864 N=276 N=5398

Figure 1. Study population case tree. C-NS, carbapenem non-susceptible; C-S, carbapenem susceptible; CO, community onset; cUTI,
complicated urinary tract infection; HO, hospital onset; PDX, principal diagnosis.

disease groups [Clinical Classification Software (CCS); for other
principal diagnosis subgroups only] [21], number of hospital
admissions in the 90 days prior to the index admission, payer
and hospital characteristics [teaching status, size (number of
beds) and geographical location]. An aggregated measure of
clinical severity using a published Acute Laboratory Risk of
Mortality Score (ALaRMS) was included [22]. ALaRMS assesses
the probability of in-hospital mortality based on patient de-
mographic data and numeric values from 23 laboratory tests.
The laboratory results included arterial blood gas (partial
pressure of carbon dioxide, partial pressure of oxygen and pH
value), cardiac markers (brain natriuretic peptide, creatine
phosphokinase-MB, pro-brain natriuretic peptide, and troponin
| or troponin T), haematology and coagulation parameters
(bands, haemoglobin, partial thromboplastin time, prothrom-
bin time international normalized ratio, platelets and white
blood cell count), and serum chemistry (albumin, aspartate
transaminase, alkaline phosphatase, blood urea nitrogen, cal-
cium, creatinine, glucose, potassium, sodium and total
bilirubin).

Using the propensity score models described above, C-NS
cases were matched with C-S cases at a 1:5 ratio within each
subgroup using the Greedy nearest-neighbour matching
method. Within each subgroup, outcomes were compared for
the matched C-NS and C-S cases.

Estimating attributable clinical and economic burden

Attributable burdens were estimated using the generalized
linear mixed model (GLMM) method on the propensity-score-
matched C-NS and C-S cases within each subgroup. The GLMM
approach accounts for skewed distributions and variations
among hospitals. Categorical outcomes (e.g. mortality, re-
admission) were modelled using a random intercept logistic
regression model, and continuous outcomes (e.g. LOS, total
cost and net gain/loss, defined as total payment received
minus total cost) were modelled using GLMM with ‘hospital’ as
the random effect. A gamma distribution with a log link func-
tion via the ILINK option in Statistical Analysis Software Version

9.4 (SAS Institute, Cary, NC, USA) GLIMMIX procedure was used.
P < 0.05 was considered to indicate statistical significance.

Results
Patient characteristics

Among 40,681 admissions with non-duplicate, Gram-nega-
tive isolates from a urinary tract source that were tested for
carbapenem susceptibility, 7263 (17.9%) had a principal diag-
nosis of cUTI [Group 1: 7171 (17.6%) community onset; Group 2:
92 (0.2%) hospital onset] and 33,418 (82.1%) had another
diagnosis as the principal diagnosis [Group 3: 27,744 (68.2%)
community onset; Group 4: 5674 (13.9%) hospital onset;
Figure 1]. Due to the small number of cUTI principal diagnosis,
hospital-onset cases (N = 92, 10 of which were C-NS), no
further analysis was conducted for this subgroup. The
remaining subgroups with sufficient numbers were reordered
and presented as Group A: cUTI principal diagnosis, community
onset; Group B: other principal diagnosis, community onset;
and Group C: other principal diagnosis, hospital onset.

Table | presents the baseline characteristics after pro-
pensity score matching for C-NS and C-S cases in each sub-
group. After 1:5 matching, the numbers in each subgroup were
Group A: C-NS 273, C-S 1365; Group B: C-NS 880, C-S 4400; and
Group C: C-NS 276, C-S 1380. The potential confounding factors
were mostly balanced within each of the three subgroups (see
Table | and pre- vs post-matching comparison in Table A2, on-
line supplementary material). The majority of patients in the
overall matched cohort were aged >65 years, had an ALaRMS
value in the third or fourth quartile, and were recipients of
Medicare. In Group A, approximately 40% of infections were
catheter associated; for Groups B and C, ‘infectious and
parasitic diseases’ and ‘all other CCS’ were the most frequently
observed CCS disease categories, respectively. Most patients
were not admitted to the ICU during their hospitalization, but a
higher proportion of ICU admissions was observed in Group C
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Table |
Patient characteristics after 1—5 propensity score matching
Variables, N (%) Group A: cUTI PDX, CO Group B: Other PDX, CO Group C: Other PDX, HO
C-NS (N =273) C-S (N =1365) C-NS (N =880) C-S (N =4400) C-NS (N =276) C-S (N = 1380)
Sex
Female 136 (49.8) 688 (50.4) 463 (52.6) 2655 (60.3) 142 (51.4) 865 (62.7)
Male 137 (50.2) 677 (49.6) 417 (47.4) 1745 (39.7) 134 (48.6) 515 (37.3)
Age group (years)
18—34 15 (5.5) 65 (4.8) 30 (3.4) 152 (3.5) 18 (6.5) 73 (5.3)
35—-44 18 (6.6) 82 (6.0) 42 (4.8) 180 (4.1) 15 (5.4) 60 (4.3)
45—-54 27 (9.9) 124 (9.1) 61 (6.9) 292 (6.6) 30 (10.9) 122 (8.8)
55—64 48 (17.6) 196 (14.4) 143 (16.3) 664 (15.1) 53 (19.2) 244 (17.7)
65—74 35 (12.8) 233 (17.1) 211 (24.0) 1053 (23.9) 65 (23.6) 361 (26.2)
75—84 71 (26.0) 350 (25.6) 213 (24.2) 1167 (26.5) 62 (22.5) 347 (25.1)
>85 59 (21.6) 315 (23.1) 180 (20.5) 892 (20.3) 33 (12.0) 173 (12.5)
Payer
Medicare 178 (65.2) 928 (68.0) 636 (72.3) 3235 (73.5) 179 (64.9) 910 (65.9)
Medicaid 18 (6.6) 72 (5.3) 62 (7.0) 221 (5.0) 23 (8.3) 79 (5.7)
Private 60 (22.0) 279 (20.4) 150 (17.0) 784 (17.8) 63 (22.8) 339 (24.6)
All other 17 (6.2) 86 (6.3) 32 (3.6) 160 (3.6) 11 (4.0) 52 (3.8)
ALaRMS®
Missing 2 (0.7) 4(0.3) 23 (2.6) 96 (2.2) 23 (8.3) 106 (7.7)
First quartile 57 (20.9) 284 (20.8) 133 (15.1) 720 (16.4) 58 (21.0) 306 (22.2)
Second quartile 55 (20.1) 282 (20.7) 192 (21.8) 904 (20.5) 53 (19.2) 270 (19.6)
Third quartile 68 (24.9) 338 (24.8) 199 (22.6) 1092 (24.8) 54 (19.6) 314 (22.8)
Fourth quartile 91 (33.3) 457 (33.5) 333 (37.8) 1588 (36.1) 88 (31.9) 384 (27.8)
Number of hospital admissions in the 90 days prior to index hospitalization
0 146 (53.5) 855 (62.6) 515 (58.5) 2846 (64.7) 181 (65.6) 1020 (73.9)
1 73 (26.7) 337 (24.7) 214 (24.3) 976 (22.2) 59 (21.4) 242 (17.5)
>1 54 (19.8) 173 (12.7) 151 (17.2) 578 (13.1) 36 (13.0) 118 (8.6)
Intensive care unit admission status
No 256 (93.8) 1336 (97.9) 780 (88.6) 4077 (92.7) 229 (83.0) 1188 (86.1)
Yes 17 (6.2) 29 (2.1) 100 (11.4) 323 (7.3) 47 (17.0) 192 (13.9)
Exposure risk (number of days from admission to onset of infections)
First quartile - - - - 74 (26.8) 369 (26.7)
Second quartile - - - - 33 (12.0) 215 (15.6)
Third quartile - - - - 53 (19.2) 279 (20.2)
Fourth quartile - - - - 116 (42.0) 517 (37.5)
Type of Gram-negative organism
Escherichia coli 10 (3.7) 325 (23.8) 36 (4.1) 1110 (25.2) 15 (5.4) 386 (28.0)
Pseudomonas aeruginosa 112 (41.0) 285 (20.9) 322 (36.6) 704 (16.0) 108 (39.1) 238 (17.2)
Polymicrobial 46 (16.8) 187 (13.7) 154 (17.5) 501 (11.4) 40 (14.5) 146 (10.6)
Other Gram-negative 105 (38.5) 568 (41.6) 368 (41.8) 2085 (47.4) 113 (40.9) 610 (44.2)
PDX-based CCS disease category®
Catheter-associated UTI 109 (39.9) 541 (39.6) - - - -
Other cUTI 164 (60.1) 824 (60.4) - - - -
Diseases of the genitourinary system - - 45 (5.1) 243 (5.5) 12 (4.3) 40 (2.9)
Injury and poisoning - - 98 (11.1) 419 (9.5) 35 (12.7) 174 (12.6)
Diseases of the circulatory system - - 92 (10.5) 520 (11.8) 44 (15.9) 306 (22.2)
Diseases of the digestive system - - 57 (6.5) 308 (7.0) 33 (12.0) 138 (10.0)
Diseases of the respiratory system - - 71 (8.1) 340 (7.7) 20 (7.2) 62 (4.5)
Endocrine, nutritional and metabolic - - 35 (4.0) 152 (3.5) 7 (2.5) 23 (1.7)
diseases and immunity disorders
Neoplasms - - 21 (2.4) 78 (1.8) 15 (5.4) 80 (5.8)
Infectious and parasitic diseases - - 280 (31.8) 1382 (31.4) 24 (8.7) 88 (6.4)
All other CCS - - 181 (20.6) 958 (21.8) 86 (31.2) 469 (34.0)
Hospital teaching status
Non-teaching 209 (76.6) 1122 (82.2) 653 (74.2) 3460 (78.6) 186 (67.4) 966 (70.0)

Teaching 64 (23.4) 243 (17.8) 227 (25.8) 940 (21.4) 90 (32.6) 414 (30.0)
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Table | (continued)

Variables, N (%)

Group A: cUTI PDX, CO

Group B: Other PDX, CO Group C: Other PDX, HO

C-NS (N=273) C-S(N=1365) C-NS (N =880) C-S(N=4400) C-NS (N=276) C-S (N =1380)

Hospital size (number of beds)

<300 96 (35.2) 495 (36.3) 299 (34.0) 1562 (35.5) 61 (22.1) 369 (26.7)

>300 177 (64.8) 870 (63.7) 581 (66.0) 2838 (64.5) 215 (77.9) 1011 (73.3)
Geographical location (region)

Midwest 77 (28.2) 379 (27.8) 228 (25.9) 1145 (26.0) 57 (20.7) 277 (20.1)

Northeast 7 (2.6) 14 (1.0) 41 (4.7) 57 (1.3) 5(1.8) 12 (0.9)

South 169 (61.9) 881 (64.5) 527 (59.9) 2912 (66.2) 195 (70.7) 1037 (75.1)

West 20 (7.3) 91 (6.7) 84 (9.5) 286 (6.5) 19 (6.9) 54 (3.9)

ALaRMS, Acute Laboratory Risk for Mortality Score; C-NS, carbapenem non-susceptible; C-S, carbapenem susceptible; CCS, Clinical Classification
Software; CO, community onset; cUTI, complicated urinary tract infection; HO, hospital onset; PDX, principal diagnosis; UTI, urinary tract infection.
2 ALaRMS quartile cut-off was based on the distribution within each of the three subgroups before propensity score matching.

b As determined by CCS.

than in Groups A or B (13.9% for C-S, 17.0% for C-NS). For C-NS
infections, P. aeruginosa and ‘other Gram-negative’ pathogens
accounted for most of the infections (ranging from 36.6% to
41.0% and from 38.5% to 41.8%, respectively); for C-S in-
fections, ‘other Gram-negative’ pathogens accounted for a
similarly high proportion, although P. aeruginosa was replaced
by E. coli as the most common individual pathogen
(23.8—28.0%).

Propensity-score-matched results

In the propensity-score-matched C-NS and C-S cohorts,
mortality rates ranged from 1.2% to 6.0% for all C-S cases, and
from 2.2% to 9.1% for all C-NS cases (Figure 2A). The highest
mortality rate for C-NS cases was observed in Group C (other
principal diagnosis, hospital-onset subgroup). The C-NS-
attributable mortality risk was significantly higher in this sub-
group alone [C-NS: 9.1% vs C-S: 5.3%; odds ratio (OR) 1.58, 95%
confidence interval (Cl) 1.14—2.20; P < 0.01]. Mortality was
also higher for C-NS cases compared with C-S cases in Group A
(C-NS: 2.2% vs C-S: 1.2%), although this was not statistically
significant.

Thirty-day re-admission rates ranged from 16.5% to 24.0%
for C-S cases and from 23.3% to 28.3% for C-NS cases, with the
highest rates observed in Group C (C-NS: 28.3% vs C-S: 24.0%;
Figure 2B). Re-admission rates were higher for C-NS cases
compared with C-S cases in each subgroup, and the C-NS-
attributable risk for 30-day re-admission was significant for all
three subgroups, with ORs of 1.55 (95% Cl 1.11—-2.16), 1.36 (95%
Cl1.11-1.68) and 1.29 (95% CI 1.04—1.61) for Groups A, B and
C, respectively (all P < 0.05).

C-NS cases had significantly longer hospital LOS compared
with C-S cases across all three subgroups (LOS ranged from 6.0
days to 20.5 days for C-S cases, and from 7.2 days to 24.4 days
for C-NS cases), with the highest LOS observed in Group C (C-
NS: 24.4 days vs C-S: 20.5 days; Figure 2C). The C-NS-attrib-
utable excess LOS ranged from 1.1 days to 3.9 days (all
P < 0.05). Similar to LOS, total costs were greater for C-NS
cases compared with C-S cases in all three subgroups, with the
highest total cost observed in Group C (C-NS: US$51,024 vs C-S:
US$40,621; Figure 3A). The attributable cost burden per case
ranged from US$1512 to US$10,403 (all P < 0.001). The
attributable net loss per case ranged from US$1582 to
USS$11,848 (all P < 0.01; Figure 3B).

Discussion

For the primary comparison of C-NS vs C-S, C-NS cases were
found to be associated with significantly higher 30-day re-
admission rates, LOS, total cost and total net loss compared
with C-S cases, irrespective of whether cUTI was the principal
diagnosis or not, or in the case of other principal diagnosis cases,
whether the infection was community onset or hospital onset.
These findings appear to be consistent with previously published
studies that reported poorer patient outcomes for C-NS infections
[23—25]. Strengths of this study include the large sample of uri-
nary tract isolates (>40,000) that were considered in the anal-
ysis, the large number of hospitals from which data were
collected, and the capture of pathogen and infection-onset in-
formation. This study considered patient demographics, clinical
severity (as measured by objective laboratory test results), un-
derlying clinical conditions, comorbidities and time prior to the
onset of infections for hospital-onset cUTI cases, with all of these
factors being included in the propensity-score-matching
approach. These potential confounders are known risk factors,
and theirinclusion in the propensity score matching enhances the
clinical validity and robustness of the study. Furthermore, this
study compared outcomes in propensity-score-matched C-NS
cases vs C-S cases within each subgroup of patients to ensure a
fair comparison across all subgroups.

The 30-day re-admission rates for C-NS and C-S cUTIs
observed in the present analysis may point to the difficulty of
treating cUTlIs to a successful outcome. Indeed, a multi-centre,
retrospective study by Alexander et al. found that 25.3% of
patients with cUTI or acute pyelonephritis due to CRE did not
meet the definition of a clinical cure after treatment, and
38.7% did not have complete bacterial eradication from the site
of infection [5].

The mean LOS observed in this study was similar to the LOS
reported in other retrospective studies (8.2 days for C-NS cUTIs
and 19.5 days for C-NS K. pneumoniae infections of any type)
[5,26]. The far-greater LOS in hospital-onset cases (Group C)
compared with community-onset cases (Groups A and B) trans-
lated to substantially increased total adjusted estimated costs,
highlighting the substantial investment of healthcare resources
that is required for patients with hospital-onset infections. Not
surprisingly, operating losses were also substantially higher for
hospital-onset cases. The poorer outcomes observed for
hospital-onset cases (compared with community-onset cases),
regardless of carbapenem susceptibility, underscore the need
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Figure 2. Outcomes by propensity-score-matched patient cohorts [carbapenem-non-susceptible (C-NS; shaded bars) cases vs
carbapenem-susceptible (C-S; open bars) cases]. (A) Mortality. (B) 30-day re-admission. 30-day re-admission was only measured in pa-
tients who were alive at discharge. (C) Length of stay (LOS). ®0Odds ratios (ORs) were not calculated for LOS. Cl, confidence interval; CO,
community onset; cUTI, complicated urinary tract infection; HO, hospital onset; PDX, principal diagnosis.

for more aggressive prevention of hospital-onset infections in
acute care settings. Direct comparisons of costs in the present
study with costs in other retrospective studies are difficult due
to limited data in this specific population. One retrospective
study reported a total cost of US$33,400 for patients hospital-
ized with community-onset UTIls due to CRE [14]. A second
retrospective study which included any cUTI, whether resistant
to carbapenems or not, observed a mean cost of U5$38,422 per
index hospitalization or emergency department outpatient
treatment [27]. These findings from the literature fall within the
range observed in the current analysis.

The mortality rates observed in this study were at the lower
end of what has been reported in recent literature for UTls or
cUTIs due to CRE or carbapenem-resistant K. pneumoniae
(7—17.3%) [5,14,28,29]. For this critical endpoint, C-NS-
attributable burden was only significant in patients with
hospital-onset infections (Group C: other principal diagnosis,
hospital onset). In this subgroup, patients did not have a

principal diagnosis of cUTI, and therefore it is possible that
their mortality risk might be influenced by their primary un-
derlying diseases of other vital organs or systems (insufficient
numbers prevented assessment of the planned cUTI principal
diagnosis, hospital-onset subgroup).

The primary limitation of this study is its retrospective
observational nature, which is inherently prone to bias and
confounding; however, propensity score matching was used to
ensure that potential confounding factors were sufficiently
balanced at baseline to minimize the risk of bias. Propensity
score matching is not without its own limitations, which include
the inability to balance for unmeasured confounders that could
potentially impact outcomes. A further limitation is the use of
ICD-9-CM diagnostic coding to identify cUTI cases. ICD-9-CM
principal diagnosis codes that are assigned for billing and
business purposes may not accurately reflect the true clinical
picture, and it is not possible to identify the secondary di-
agnoses assigned to patients using this data set; thus, some
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Figure 3. (A) Total cost and (B) net gain/loss by propensity-score-matched patient cohorts [carbapenem-non-susceptible (C-NS; shaded
bars) cases vs carbapenem-susceptible (C-S; open bars) cases]. Cl, confidence interval; CO, community onset; cUTI, complicated urinary
tract infection; HO, hospital onset; PDX, principal diagnosis; USD, United States dollars.

relevant cUTI cases may have been excluded from the analysis,
particularly if these infections occurred in the context of
multiple diagnoses. This may have contributed to the low
number of hospital-onset cUTI cases (N = 92), which prevented
analysis of this important subgroup. However, given that all
patients had culture-confirmed urinary tract isolates that were
tested for carbapenem susceptibility, and the patients’ con-
ditions were sufficiently severe to warrant hospitalization, the
all-cause probability of true infections (as opposed to coloni-
zation) could still be considered high.

Future studies that use secondary ICD-9-CM codes could
improve the likelihood that clinically relevant cases of cUTl are
included in the analysis. It would also be of interest to evaluate
antibiotic usage before and during the index hospitalization to
provide further evidence that the patient has a clinically
relevant infection, and to determine whether any relationships
exist between antibiotic prescribing and the observed clinical
and economic outcomes.

In conclusion, a greater clinical and economic burden was
observed in propensity-score-matched hospitalized patients
with C-NS urinary tract isolates compared with C-S urinary tract
isolates, regardless of whether cUTI or another condition was
recorded as the principal diagnosis. For 30-day re-admissions,
LOS, cost and net loss, there was significant C-NS-attributable
burden for both community-onset and hospital-onset in-
fections, although the burden was most acute in hospital-onset
infections. In these hospital-onset infections, C-NS-attributable
mortality was also significantly higher. The observation that, in
comparison with C-S cases, C-NS cases were associated with an
increased LOS ranging from 1.1 days to 3.9 days, increased costs
of up to approximately US$10,000, and an operating loss in
excess of US$11,000 highlights the considerable clinical and
economic burden related to C-NS infections, and the need for
improved prevention, management and treatment strategies
for patients with these difficult-to-treat infections.
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