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Background. Limited data are available in the United States on the 12-month epidemiology, outpatient (OP) antibiotic 
treatment patterns, outcomes, and costs associated with complicated urinary tract infections (cUTIs) in adult patients.

Methods. A retrospective observational cohort study of adult patients with incident cUTIs in IBM MarketScan Databases 
between 2017 and 2019 was performed. Patients were categorized as OP or inpatient (IP) based on initial setting of care for 
index cUTI and were stratified by age (<65 years vs ≥65 years). OP antibiotic treatment patterns, outcomes, and costs 
associated with cUTIs among adult patients over a 12-month follow-up period were examined.

Results. During the study period, 95 322 patients met inclusion criteria. Most patients were OPs (84%) and age <65 years (87%). 
Treatment failure (receipt of new unique OP antibiotic or cUTI-related ED visit/IP admission) occurred in 23% and 34% of OPs 
aged <65 years and ≥65 years, respectively. Treatment failure was observed in >38% of IPs, irrespective of age. Across both cohorts 
and age strata, >78% received ≥2 unique OP antibiotics, >34% received ≥4 unique OP antibiotics, >16% received repeat OP 
antibiotics, and >33% received ≥1 intravenous (IV) OP antibiotics. The mean 12-month cUTI-related total health care costs 
were $4697 for OPs age <65 years, $8924 for OPs age >65 years, $15 401 for IPs age <65 years, and $17 431 for IPs age ≥65 years.

Conclusions. These findings highlight the substantial 12-month health care burden associated with cUTIs and underscore the 
need for new outpatient treatment approaches that reduce the persistent or recurrent nature of many cUTIs.
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Complicated urinary tract infections (cUTIs) are one of the most 
common bacterial infections in both the community and health 
care settings [1, 2]. Data from a recent US national database study 
indicated that there are >2.8 million cases of cUTI per year, re-
sulting in annual 30-day total costs of >$6 billion [3]. Oral anti-
biotics have long been a mainstay of treatment for cUTIs, but use 
has been compromised by resistance to commonly used oral an-
tibiotics. In the United States, the percentages of Escherichia coli 
in cUTIs, identified as resistant to extended-spectrum cephalo-
sporins, fluoroquinolones, trimethoprim/sulfamethoxazole, or 
classified as multidrug-resistant (MDR), have dramatically in-
creased in recent years [4–8]. Despite the high incidence and 

recurrent nature of cUTIs in adults, limited data are available 
in the United States on the 12-month cUTI-related health care 
burden. To address the evidence data gap, this study sought to ex-
amine the epidemiology, outpatient (OP) antibiotic treatment 
patterns, outcomes, and costs associated with cUTIs among adult 
patients over a 12-month follow-up period in a large US admin-
istrative claims database containing longitudinal inpatient (IP) 
and OP patient-level data.

METHODS

Study Design and Population

A retrospective observational cohort study of adult patients 
with cUTIs in IBM MarketScan Databases between July 1, 
2016, and June 30, 2020, was performed (Supplementary 
Figure 1). Two IBM MarketScan Research Databases were 
used in the study: the MarketScan Commercial Claims and 
Encounters Database and the MarketScan Medicare 
Supplemental Database (Appendix A). Patients were included 
if they (1) had ≥1 IP or OP nondiagnostic claim meeting the 
diagnosis for a cUTI (adapted from the algorithm used in 
Lodise et al. [9] and Carreno et al. [3]) (Appendix B) between 
January 1, 2017, and June 30, 2019 (earliest cUTI claim = 
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index date), (2) were ≥18 years old as of index date, (3) had ≥6 
months of continuous enrollment (CE) with medical and phar-
macy benefits before the index date, (4) had ≥12 months of CE 
following the index date or evidence of IP death, and (5) had no 
evidence of a prior cUTI during the 6-month baseline period.

Patients meeting all selection criteria were categorized as OP 
or IP based on the initial setting of care for the index cUTI. 
Patients were classified as OP if the first cUTI diagnosis during 
the study period was in an OP setting and there was evidence of 
receipt of antibiotic treatment within ±3 days of the index cUTI 
diagnosis date or subsequent IP admission for a cUTI within 3 
days of the index cUTI diagnosis. Patients were classified as IP 
if the index cUTI diagnosis was in the emergency department 
(ED) or observational unit with subsequent hospital admission 
or during a hospital admission. Patients within each cohort 
were stratified a priori by age (<65 years vs ≥65 years) given 
the distinctive differences in insurance coverage (ie, 
Commercial vs Medicare Supplemental) and anticipated varia-
tions in baseline characteristics and outcomes between the 2 
age groups.

Baseline Characteristics in the 6-Month Pre-index cUTI Period

Demographics collected during the 6-month pre-index cUTI 
period included age, sex, US Census Bureau geographic region, 
place of residence (urban vs rural), and payer type (commercial 
vs Medicare Supplemental). Baseline clinical characteristics 
measured during the 6-month pre-index cUTI period included 
the Deyo-Charlson Comorbidity Index (CCI; overall score and 
components of CCI) [10] and the following clinical conditions: 
bacteremia, cancer, chronic kidney disease, diabetes, infective 
endocarditis, pregnancy, renal failure, sepsis, systemic inflam-
matory response syndrome (SIRS), urinary stones, and uncom-
plicated UTI [11]. Collected urinary tract procedures and 
surgeries included cystoscopy, cystectomy, cystolithalopaxy, 
cystourethrogram, lithotripsy, nephrolithotomy, prostate biop-
sy, retrograde pyelogram, transurethral resection of the pros-
tate, transurethral resection of the bladder, ureteroscopy, 
urethroplasty, and urodynamics.

Outcomes in the 12-Month Postindex cUTI Period

Outcomes assessed in the 12-month postindex cUTI period with-
in each study cohort included treatment failure, cUTI-related 
admissions in the OP cohort, 30-day cUTI-related readmis-
sions, number of unique cUTI episodes, and recurrences. 
The definition of failure was objectively defined based on the 
initial setting of care. For the OP cohort, a patient was consid-
ered to have initial treatment failure if 1 of the following oc-
curred within 30 days of the index cUTI date: (1) evidence 
of a new antibiotic prescription or ED visit/IP admission 
with a cUTI diagnosis 7–30 days after the index cUTI date 
or (2) cUTI-related ED or IP admission 7–30 days from the in-
dex cUTI day. For the IP cohort, a patient was considered to 

have failed treatment if (1) there was evidence of a new antibi-
otic prescription 7–30 days postdischarge or (2) there was a 
30-day cUTI-related readmission postdischarge. A subsequent 
cUTI episode was defined as occurrence of a cUTI >30 days 
after the last cUTI-related claim for the prior cUTI [3]. 
Recurrence was defined as either ≥3 unique cUTI episodes in 
a 12-month period or ≥2 unique cUTI episodes in a 6-month 
period at least 30 days apart [2, 12, 13].

Outpatient Antibiotic Treatment in the 12-Month Postindex cUTI Period

All oral and intravenous (IV) antibiotics received in the 
12-month postindex cUTI period in the OP setting were collect-
ed. Antibiotics received in the ED were included when tabulating 
antibiotics received in the OP setting. Antibiotics received in the 
IP setting were not captured in the MarketScan Commercial and 
Medicare Supplemental Databases. Within each cohort and age 
group, the number (%) of patients receiving 1, 2, 3, or ≥4 unique 
antibiotics (overall, oral, and IV) was recorded. The most used 
oral and IV antibiotics were also documented across the study 
cohort strata. For each cUTI episode during the 12-month post-
index cUTI period, the total duration of OP antibiotic treatment, 
the number and type of antibiotics received, the frequency of re-
fills and repeat antibiotic use (ie, same antibiotic was prescribed 
in prior episode), and the most common treatment sequences 
were tabulated. For patients with ≥2 cUTI episodes in the 
12-month follow-up period, the gap time between episodes 
and frequency of repeat antibiotic use (ie, same antibiotic was 
prescribed in a prior episode) were documented. Antibiotics re-
ceived from the pharmacy benefit were based on National Drug 
Code (NDC) codes, while outpatient infusions were based on 
both Level I [current procedural terminology (CPT)] and II 
(J-codes) healthcare common procedure coding system 
(HCPCS) codes.

Health Care Resource Utilization and Costs in the 12-Month Postindex 
cUTI Period

All-cause and cUTI-specific health care resource utilization and 
costs were collected during the 12-month follow-up period. An 
encounter for a particular type of service was considered 
cUTI-related in the presence of the following: (1) IP admissions 
with a primary diagnosis of cUTI, (2) OP claims with a diagno-
sis of cUTI in any position or an HCPCS code for an antibiotic, 
and (3) cUTI-specific pharmacy claims. All-cause and 
cUTI-related costs over the 12-month follow-up period were 
tabulated based on the amount paid to the payer (Appendix A). 
Health care costs were based on paid amounts of adjudicated 
claims, including insurer and health plan payments as well as 
patient cost-sharing in the form of copayment, deductible, 
and coinsurance. Costs for services provided under capitated 
arrangements were estimated using payment proxies based on 
paid claims at the procedure level using the MarketScan 
Commercial and Medicare Supplemental Databases. Arithmetic 
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mean (SD) costs were presented, as this is the most informative 
measure to guide health care policy decision-making and pre-
senting cost data [14]. All-cause and cUTI-related health care 
resource utilization and costs were reported for patients with 
an encounter in the following service categories: IP, OP, and 
OP pharmacy. For OP health care resource utilization, the pro-
portion of patients and associated costs among patients with 
an encounter for the following types of OP services were re-
corded: ED visit, office visit, telehealth visit, laboratory service, 
and other. Other OP services reflected those not captured in 
ED, OP office, or OP lab service categories and included OP 
parenteral therapy (OPAT) at a physician office or infusion 
suite, home health care, OP surgery, long-term care facility, 
physical therapy, radiology, durable medical equipment, and 
other. Among OPAT patients, the mean average costs of 14 
days of OPAT were determined. All dollar estimates were in-
flated to 2020 dollars using the Medical Care Component of 
the Consumer Price Index (CPI).

RESULTS

During the 2-year study period, 95 322 patients met the study 
criteria (Supplementary Table 1). The initial setting of care 
was OP for 84% (n = 79 715) of the study population. Among 
included patients, 86.4% were from the MarketScan 
Commercial Database, and 13.6% were from the MarketScan 
Medicare Supplemental Database. Among both cohorts, the 
majority (>77%) were <65 years of age. Baseline demographics 
and clinical characteristics in the 6-month pre-index cUTI pe-
riod are shown in Table 1. Patients in the IP cohort had a higher 
proportion of males, a higher comorbidity burden at baseline, 
and greater proportions of other select clinical conditions 
and procedures, as compared with patients in the OP cohort. 
For patients age <65 years, the majority were female, while 
most cUTIs in patients age ≥65 years were observed in males. 
Patients age <65 years had fewer comorbidities and a lower 
proportion of select clinical conditions and procedures relative 
to patients ≥65 years of age.

The proportions of patients with treatment failure, cUTI ED 
visits/IP admissions (OP cohort), 30-day cUTI-related read-
missions, cUTI episodes ≥2/3, and recurrence in the 12-month 
postindex cUTI period are shown in Figure 1. Among OPs age 
<65 years, 23% had treatment failure (mostly due to receipt of a 
new, unique antibiotic prescription), 7% had a cUTI-related IP 
admission, and 12% of the OP cohort with a cUTI-related ad-
mission had a 30-day cUTI-related readmission. Among OPs 
age ≥65 years, 34% had treatment failure, 16% had a 
cUTI-related IP admission, and 26% of patients with a 
cUTI-related admission had a 30-day cUTI-related readmis-
sion. Treatment failure was observed in >37% of the IP cohort, 
irrespective of age. Of these, 9% of IPs age <65 years had a 
30-day readmission while 25% of IPs age ≥65 years had a 

30-day readmission. The proportions of OPs age <65 years, 
OPs age ≥65 years, IPs age <65 years, and IPs age ≥65 years 
with ≥2 episodes/recurrence were as follows: 6%, 15%, 12%, 
and 17%.

OP antibiotics received in the 12-month period following the 
cUTI index date in the 2 cohorts are shown in Figure 2. Across 
both cohorts and age strata, >78% received ≥2 unique OP anti-
biotics, >34% received ≥4 unique OP antibiotics. Within each 
cUTI cohort, receipt of unique OP antibiotics was similar be-
tween patients age <65 years vs ≥65 years. Regardless of age, re-
ceipt of an oral OP antibiotic was frequent across both cohorts 
within the initial setting of care, with ∼70% of patients receiving 
≥2 oral antibiotics. The 5 most used oral antibiotics in rank 
order for both cohorts during the 12-month postindex cUTI 
period were ciprofloxacin, trimethoprim-sulfamethoxazole, 
nitrofurantoin, cephalexin, and amoxicillin-clavulanate. In the 
OP cohort, 49% of patients <65 years of age and 36% of patients 
≥65 years of age received ≥1 OP IV antibiotic. For the IP cohort, 
40% of patients age <65 years received at least 1 OP IV antibiot-
ic, while 33% of patients ≥65 years of age received ≥1 OP IV an-
tibiotic. Among the OP IV antibiotics, ceftriaxone (32%) and 
cefazolin (10%) were most used. All other IV OP antibiotics 
were administered in <5% of the study population, irrespective 
of the initial setting of care and age strata. Repeat receipt of the 
same OP antibiotic was observed in 16%, 25%, 19%, and 16% of 
OPs age <65 years, OPs age ≥65 years, IPs age <65 years, and IPs 
age ≥65 years, respectively. The most common repeat OP anti-
biotics among the overall study population were ciprofloxacin 
(20%), IV ceftriaxone (18%), trimethoprim-sulfamethoxazole 
(9%), nitrofurantoin (8%), and cephalexin (6%).

A breakdown of OP antibiotic use per cUTI episode by cUTI 
initial setting of care and age category is shown in 
Supplementary Table 2. For the index cUTI episode, nearly 
50% received ≥2 OP antibiotics, 14% received the same antibi-
otic twice (ie, the same antibiotic was prescribed in a prior ep-
isode), and the average treatment duration was 13 days. Among 
the 8% of patients with 2 cUTI episodes, the mean gap time be-
tween cUTI episodes 1 and 2 was 71 days and the average du-
ration of treatment for the second cUTI episode was 15 days. 
For the second cUTI episode, 41% of patients received ≥2 
OP antibiotics and 41% of patients in the study population re-
ceived the same OP antibiotic in episodes 1 and 2. For the 3% of 
patients with 3 cUTI episodes, the mean gap time between 
cUTI episodes 2 and 3 was 54 days and the average duration 
of treatment for cUTI episode 3 was 16 days. Over 40% of pa-
tients received ≥2 OP antibiotics for their third cUTI episode, 
17% received the same antibiotic twice (ie, the same antibiotic 
was prescribed in a prior episode), and 54% received the same 
OP antibiotic in episodes 2 and 3.

All-cause and cUTI-related costs during the 12-month 
follow-up period are shown in Figure 3 and Supplementary 
Table 3. Average 12-month all-cause total health care costs for 
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Table 1. Baseline Demographic and Clinical Characteristics

Index cUTI OP Age 
<65

Index cUTI OP Age 
≥65 Index cUTI IP Age <65

Index cUTI IP Age 
≥65

(n = 70 385) (n = 9330) (n = 12 157) (n = 3460)

Age, mean (SD), y 43.5 (13.8) 76.7 (7.7) 46.7 (13.5) 78.3 (8.1)

Sex, No. (%)

Male 16 938 (24.1) 5496 (58.9) 3962 (32.6) 1787 (51.6)

Female 53 447 (75.9) 3834 (41.1) 8195 (67.4) 1673 (48.4)

Geographic region, No. (%)

Northeast 9311 (13.2) 2388 (25.6) 1910 (15.7) 841 (24.3)

North Central 14 349 (20.4) 2850 (30.5) 2650 (21.8) 1225 (35.4)

South 35 579 (50.5) 2834 (30.4) 6162 (50.7) 1007 (29.1)

West 11 002 (15.6) 1241 (13.3) 1401 (11.5) 378 (10.9)

Unknown 144 (0.2) 17 (0.2) 34 (0.3) 9 (0.3)

Population density, No. (%)

Urban 61 147 (86.9) 8164 (87.5) 10 720 (88.2) 3060 (88.4)

Rural 9146 (13.0) 1135 (12.2) 1420 (11.7) 387 (11.2)

Unknown 92 (0.1) 31 (0.3) 17 (0.1) 13 (0.4)

Payer, No. (%)

Commercial 70 262 (99.8) 0 (0.0) 12 107 (99.6) 0 (0.0)

Medicare Supplemental 123 (0.2) 9330 (100) 50 (0.4) 3460 (100)

Comorbidities

Deyo-CCI, mean (SD) 0.49 (1.17) 1.90 (2.21) 1.12 (1.94) 2.28 (2.45)

Components of the Deyo-CCI, No. (%)

Cerebrovascular disease 956 (1.4) 1088 (11.7) 441 (3.6) 488 (14.1)

Chronic pulmonary disease 5576 (7.9) 1554 (16.7) 1186 (9.8) 601 (17.4)

Congestive heart failure 557 (0.8) 825 (8.8) 389 (3.2) 452 (13.1)

Dementia 67 (0.1) 384 (4.1) 50 (0.4) 273 (7.9)

Diabetes 7686 (10.9) 2538 (27.2) 2437 (20.0) 1065 (30.8)

Mild/moderate 7686 (10.9) 2538 (27.2) 2437 (20.0) 1065 (30.8)

Severe 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Hemiplegia/paraplegia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

HIV/AIDS 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Liver disease 246 (0.3) 45 (0.5) 109 (0.9) 30 (0.9)

Mild 246 (0.3) 45 (0.5) 109 (0.9) 30 (0.9)

Moderate/severe 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Malignancy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Metastatic solid tumor 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Myocardial infarction 395 (0.6) 326 (3.5) 177 (1.5) 148 (4.3)

Peptic ulcer disease 304 (0.4) 76 (0.8) 110 (0.9) 31 (0.9)

Peripheral vascular disease 556 (0.8) 774 (8.3) 262 (2.2) 357 (10.3)

Renal disease 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Rheumatologic disease 1204 (1.7) 251 (2.7) 331 (2.7) 112 (3.2)

Clinical conditions, No. (%)

Bacteremia 123 (0.2) 68 (0.7) 133 (1.1) 38 (1.1)

Cancer 2562 (3.6) 1678 (18.0) 898 (7.4) 578 (16.7)

Chronic kidney disease 1571 (2.2) 1139 (12.2) 916 (7.5) 579 (16.7)

Endocarditis 55 (0.1) 27 (0.3) 34 (0.3) 14 (0.4)

Pregnancy 1847 (2.6) 1 (0.0) 632 (5.2) 3 (0.1)

Renal failure 721 (1.0) 524 (5.6) 675 (5.6) 281 (8.1)

Sepsis 604 (0.9) 294 (3.2) 542 (4.5) 178 (5.1)

Systemic inflammatory response syndrome 64 (0.1) 18 (0.2) 66 (0.5) 19 (0.5)

Urinary stones 5890 (8.4) 765 (8.2) 1017 (8.4) 183 (5.3)

Uncomplicated UTI 14 145 (20.1) 2312 (24.8) 2299 (18.9) 666 (19.2)

UTI procedures and surgeries, No. (%)

Cystectomy 36 (0.1) 14 (0.2) 32 (0.3) 6 (0.2)

Cystolitholapaxy 53 (0.1) 34 (0.4) 13 (0.1) 4 (0.1)

Cystoscopy 3761 (5.3) 1339 (14.4) 702 (5.8) 244 (7.1)
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OPs age <65 years, OPs age ≥65 years, IPs age <65 years, and 
IPs age ≥65 years were $23 825, $48 711, $80 063, and $90 072, 
respectively. The average 12-month cUTI-related total health 
care costs were $4697 for OPs age <65 years, $8924 for OPs 
age >65 years, $15 401 for IPs age <65 years, and $17 431 for 
IPs age ≥65 years. Mean cUTI-related patient out-of-pocket to-
tal health care costs were $539, $244, $1022, and $312 for OPs 
age <65 years, OPs age ≥65 years, IPs age <65 years, and IPs 
age ≥65 years, respectively. Twelve-month all-cause and 
cUTI-related costs by service categories (IP, OP, and OP phar-
macy) among patients with encounters in the service category 
are shown in Figure 4. The breakdown of all-cause and 
cUTI-related OP 12-month costs by OP service categories 
(ED, office visit, telehealth visit, laboratory services, and other) 
among patients with encounters for that OP service category is 
shown in Supplementary Figures 2 and 3. Among the 74 012 pa-
tients with other OP cUTI-related services, 38 659 (52%) re-
ceived OPAT (cUTI-specific IV antibiotic in a physician office 
or IV infusion suite) and 1341 (1.8%) received a cUTI-specific 
IV antibiotic at home (home health). Among patients who re-
ceived OPAT, the average 14-day OPAT costs were $2184, 
$2553, $3471, and $2673 for OPs age <65 years, OPs age ≥65 
years, IPs age <65 years, and IPs age ≥65 years, respectively. 
Mean 14-day costs for home health were slightly higher than 
OPAT, at $3009, $2990, $2621, and $1885 for OPs age <65 
years, OPs age ≥65 years, IPs age <65 years, and IPs age ≥65 
years, respectively. Of note, mean costs were biased high due 
to some patients with high costs, and mean costs were more con-
sistent with the 75th percentile costs than the median (50th per-
centile) costs.

DISCUSSION

There were several notable findings in this 12-month longitudi-
nal study of adult patients with incident cUTIs. While UTIs are 

generally considered to be self-limiting and easily managed in-
fections [15], 12-month costs associated with cUTIs were sub-
stantial, with the cUTI-related mean cost ranging from $4697 
for OPs age <65 years to $17 431 for IPs age ≥65 years. 
Patient out-of-pocket costs were also found to be considerable, 
especially for patients with hospital IP admissions. However, 
patient out-of-pocket costs were less than costs reported in oth-
er studies [16, 17], reflecting the commercially insured status of 
the study population. IP admissions were the most substantial 
component in all initial settings of care and age strata. The ob-
served costs associated with cUTI-related IP care in this study 
are consistent with recent reports [3, 18, 19] and highlight the 
need for health care systems to develop well-defined criteria for 
hospital admissions, as data demonstrate that UTI-related ad-
missions can be reduced through the use of structured institu-
tional site-of-care clinical pathways [20–24]. The second major 
contributor to 12-month cUTI-related costs was OP medical 
costs, largely attributed to costs associated with ED visits and 
administering OPAT at a physician office or infusion suite. 
Outpatient pharmacy costs comprised a relatively small pro-
portion of the total cUTI-related costs, and this was not surpris-
ing given that most OP cUTI antibiotics are available as 
generics.

Treatment failure was a frequent event. Among OPs, ∼1 in 4 
patients age <65 years met the treatment failure criteria, while 
∼1 in 3 patients age ≥65 years were treatment failures. 
Treatment failure was even higher among patients in the IP co-
hort, with an incidence of 38% and 46% in patients age <65 
years and ≥65 years, respectively. Our treatment failure findings 
align with 2 studies [3, 19] that assessed the short-term out-
comes (ie, 30- or 90-day postindex cUTI) of patients with 
cUTIs and highlight the acute refractory nature of managing 
cUTIs in the OP setting. The overall 12-month incidence of re-
currence was also found to be moderately high (∼8%), especially 
among IPs, irrespective of age (13%), and OPs age ≥65 years 

Table 1. Continued  

Index cUTI OP Age 
<65

Index cUTI OP Age 
≥65 Index cUTI IP Age <65

Index cUTI IP Age 
≥65

(n = 70 385) (n = 9330) (n = 12 157) (n = 3460)

Cystourethrogram 216 (0.3) 40 (0.4) 60 (0.5) 8 (0.2)

Lithotripsy 490 (0.7) 53 (0.6) 108 (0.9) 12 (0.3)

Nephrolithotomy 40 (0.1) 6 (0.1) 28 (0.2) 1 (0.0)

Prostate biopsy 300 (0.4) 105 (1.1) 114 (0.9) 28 (0.8)

Retrograde pyelogram 13 (0.0) 2 (0.0) 4 (0.0) 0 (0.0)

Transurethral resection of the bladder 144 (0.2) 144 (1.5) 32 (0.3) 23 (0.7)

Transurethral resection of the prostate 221 (0.3) 124 (1.3) 31 (0.3) 17 (0.5)

Ureteroscopy 113 (0.2) 16 (0.2) 46 (0.4) 7 (0.2)

Urethroplasty 22 (0.0) 2 (0.0) 1 (0.0) 1 (0.0)

Urodynamics 3525 (5.0) 1595 (17.1) 400 (3.3) 295 (8.5)

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: CCI, Charlson Comorbidity Index; cUTI, complicated urinary tract infection; IP, inpatient; OP, outpatient; UTI, urinary tract infection.

12-Month Outcomes and Costs Associated with cUTIs • OFID • 5

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac307#supplementary-data


(15%). Scant data are currently available on the 12-month inci-
dence of recurrence among adult patients with cUTIs, and the 
only OP-focused cUTI study that evaluated 12-month cUTI re-
currence rates by Anesi and colleagues [25] found that over half 
of patients had a recurrent UTI [26] in the 12-month follow-up 
period. While the incidence of recurrence was 5-fold higher 
than that observed in our study, Anesi et al. performed a 1:1 
match of patients with extended-spectrum cephalosporin resis-
tance and susceptible Enterobacterales UTIs and excluded 273 
patients (65%) with extended-spectrum cephalosporin suscepti-
ble Enterobacterales UTIs. It is likely that the underrepresentation 
of patients with extended-spectrum cephalosporin-susceptible 
Enterobacterales UTIs in this study inflated the recurrence 
rates as extended-spectrum cephalosporin resistance status 
was a significant predictor of recurrent UTI in adjusted analysis 
[25]. Our observed cUTI recurrence rates are also lower than 
the recurrence rates reported for women and men with uncom-
plicated UTIs [2, 13, 27]. Our study only quantified patients 
who had subsequent cUTI episodes, and it is likely that many 

patients in our study had a recurrent UTI that did not rise to 
the level of a cUTI.

Another noteworthy finding was the number of antibiotics 
received by patients during the 12-month follow-up period. 
Nearly all patients, irrespective of initial setting of care and 
age strata, received ≥2 OP antibiotics, and ∼40% received ≥4 
unique OP antibiotics. In most cases, patients received an oral 
antibiotic, and the most frequently received oral OP antibiotics 
were fluoroquinolones, trimethoprim-sulfamethoxazole, nitro-
furantoin, and cephalosporins across first and subsequent cUTI 
episodes. While these treatment patterns are consistent with ex-
pert guideline recommendations [28], nearly 20% of patients re-
ceived the same antibiotic twice in the 12-month follow-up 
period, and 40%–50% of patients with ≥2 cUTI episodes 
received the same recurrent antibiotic (ie, same OP antibiotic 
administered in current and previous episode). Although 
microbiologic data were not available in the database, it is highly 
plausible that antimicrobial resistance [29, 30] may have con-
tributed to observed treatment patterns as most US regions 

Figure 1. Readmissions, treatment failure, and recurrence by age in the (A) outpatient cohort and (B) inpatient cohort. aAmong outpatients with a 30-day cUTI-related 
hospital admission. A patient in the outpatient cohort was considered to have initial treatment failure if 1 of the following occurred within 30 days of the index cUTI d-
ate: (1) evidence of a new antibiotic prescription or cUTI-related ED visit/IP admission with a cUTI diagnosis 7–30 days after the index cUTI day or (2) cUTI-related ED 
or IP admission 7–30 days from the index cUTI day. Abbreviations: cUTI, complicated urinary tract infection; ED, emergency department; IP, inpatient.
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have high rates of resistance among common cUTI pathogens to 
first-line OP cUTI antibiotics [4, 31, 32]. Most likely, many pa-
tients received inappropriate initial therapy due to the high re-
sistance rates among uropathogens to first-line cUTI treatment 
options, and studies demonstrate that patients who fail to re-
ceive an early active agent are at increased risk for protracted 
treatment courses and recurrence [25, 30, 33–38]. 
Additionally, the average duration of treatment was 13–16 
days, depending on the episode. Data suggest that many cUTI 
patients may be effectively treated with a shorter duration of 
therapy [39], and the treatment duration findings highlight 
the importance of implementing standardized outpatient treat-
ment pathways for adult cUTI patients to minimize excessive or 
inappropriate antibiotic durations [20–23].

An unanticipated finding was the high frequency of OP IV 
antibiotic use. The results indicated that nearly half of patients 
received an IV antibiotic in the OP setting. In most cases, IV 
antibiotics were administered for the index cUTI episode, 
and patients were administered IV antibiotic therapy in a phy-
sician’s office or infusion suite. While OPAT is increasingly be-
ing used as a cost-efficient measure to facilitate early hospital 

discharge and minimize hospitalizations in otherwise healthy 
patients [40–42], the average 14-day OPAT costs exceeded 
$2500 across all cUTI study population subgroups. In addition 
to 14-day cUTI-related cost considerations with OPAT, data 
indicate that OPAT-related adverse events and subsequent hos-
pital admissions/readmissions occur frequently [43–51]. There 
are several oral antibiotics in development with favorable sus-
ceptibility, efficacy, and safety profiles [52], and it will be im-
portant to determine if these newer oral agents can improve 
the quality and efficiency of health care for adult cUTI patients 
relative to existing OP IV cUTI treatments.

The limitations of this study include those inherent in ad-
ministrative claims database analyses. Clinical laboratory val-
ues, physical exam findings, and physician notes were not 
available, and diagnosis of cUTIs was based on diagnostic 
and procedure codes. Lack of electronic medical record infor-
mation prevented us from detailing the exact factors that con-
tributed to the complicated nature of each UTI and the varying 
burdens and outcomes associated with each cUTI type. As 
there are no specific codes for complicated UTI, a composite 
case definition was utilized [3, 53]. Thus, there was potential 

Figure 2. Outpatient antibiotic use in the 12-month follow-up period by age in the (A) outpatient cohort and (B) inpatient cohort. Repeat antibiotic use was defined as the 
same antibiotic being prescribed in a prior episode. Abbreviations: cUTI, complicated urinary tract infection; IV, intravenous.
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for misclassification of cUTI, covariates, and study outcomes. 
However, the codes used to identify cUTIs and disease severity 
(ie, Deyo-CCI) have been previously validated to have high 
positive predictive values [54–58]. However, it is possible that 
some of the patients identified as having a cUTI by the algo-
rithms employed may have had asymptomatic bacteriuria. 
Microbiologic and urinalysis data were also not available, fur-
ther limiting our ability to assess the presence of an acute 
cUTI vs asymptomatic bacteriuria. Despite the potential for 
misclassification of cUTIs, the results reflect a conservative es-
timate of the costs and associated outcomes of patients with 
cUTIs in the outpatient setting. Miscoding of asymptomatic 
bacteriuria as a cUTI would likely underestimate the true bur-
den of cUTIs as patients with acute cUTI require more inten-
sive care and are at greater risk for treatment failure relative 
to those with asymptomatic bacteriuria [1, 2]. The potential 
that patients with asymptomatic bacteriuria were managed as 
having an acute cUTI highlights the well-documented need 
to develop policies and pathways to reduce the overtreatment 
of patients with asymptomatic bacteriuria [59, 60].

We were unable to determine the reason(s) why patients re-
ceived a new prescription (eg, lack or response, occurrence of 
treatment-related adverse event, use for a different infection). 
Therefore, the reported percentage of patients with an initial 

treatment failure should be interpreted with caution as it may 
have overestimated the true proportion of patients with an ac-
tual initial treatment failure due to receipt of a new prescription 
7–30 days after the index cUTI date (OP cohort) or 7–30 days 
postdischarge (IP cohort) and likely represents the upper range 
of treatment failure. Although the antibiotics administered 
during the “7–30-day postindex cUTI day/discharge day treat-
ment failure window” were consistent with those used to treat 
cUTIs (Supplementary Table 2), it is quite possible that antibi-
otics may have been administered for a non-cUTI indication 
(eg, sexually transmitted infection, different infection type). 
Of note, the occurrence of a subsequent 30-day cUTI-related 
ED/IP visit was the other component of initial treatment failure 
in both cohorts, and a fair proportion of patients met both parts 
of the initial treatment failure definition. We believe this find-
ing lends credence to the initial treatment failure end point em-
ployed in this study, but further real-world evidence clinical 
studies are needed to ascertain the true incidence of initial 
treatment failure in adult patients with cUTIs. Regardless of 
the actual indication for antibiotic therapy, the most notable 
antibiotic treatment observation from this study was that near-
ly all patients, irrespective of initial setting of care and age stra-
ta, received ≥2 OP antibiotics, and ∼40% received ≥4 unique 
OP antibiotics. The database did not include information on 

Figure 3. Mean (SD) 12-month all-cause and cUTI-related health care costs by index cUTI setting and age category. Abbreviations: cUTI, complicated urinary tract infection; 
IP, inpatient; OP, outpatient.
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antibiotics administered in the IP setting, and it is highly likely 
that patients with IP admissions received more antibiotics than 
those administered in the OP setting. The collective antibiotics 
usage findings have important implications for clinical practice 
as they highlight the critical need to develop targeted OP cUTI 
stewardship initiatives as overuse of antibiotics is a major driv-
er of antibiotic drug resistance in cUTI patients [61].

The study was limited to individuals with commercial or 
Medicare Supplemental health coverage (∼13.6% of the study 
population), and the results of this analysis are not generaliz-
able to cUTI patients with other health insurance or without 
health insurance coverage. Given that 86.4% were from the 
MarketScan Commercial Database and the average age and 
CCI score were 48.4 years and 0.77 for the overall study popu-
lation, the observed findings are likely conservative estimates of 
the 12-month burden associated with cUTIs in adult patients as 
many cUTIs occur in older patients with multiple comorbidi-
ties [1, 2]. Finally, 12-month cost estimates are likely conserva-
tive estimates of cost as they represented payments received vs 
true health care costs.

In conclusion, the findings from this study indicate that 
many cUTIs do not resolve with the initial course of treatment 
and that a fair proportion of patients have recurrent infec-
tions. The results also indicate that many patients receive pro-
longed durations of OP antibiotics despite data suggesting 
that shorter courses are as effective as longer durations of 
treatment [39]. Twelve-month cUTI-related health care costs 
were substantial and were largely due to IP admissions, ED 
visits, and OPAT. Regardless of index treatment setting, 
∼40% of all cUTI patients required therapy with ≥4 antibiot-
ics, and almost half received an IV antibiotic in the OP setting 
in the 12-month follow-up period. The high frequency of 
overall, repeat, and IV OP antibiotic use highlights the critical 
need for new oral cUTI therapies that have activity against 
highly resistant strains of E. coli and other uropathogenic bac-
teria. As hospital reimbursement and antimicrobial steward-
ship programs are increasingly tied to quality and efficiency 
of care, these findings also underscore the need for new treat-
ment approaches that reduce the persistent or recurrent na-
ture of many cUTIs.

Figure 4. Mean (SD) 12-month all-cause and cUTI-related health care costs by inpatient, outpatient, and outpatient pharmacy among patients with encounters in the (A) 
outpatient cohort and (B) inpatient cohort. Abbreviations: cUTI, complicated urinary tract infection; IP, inpatient; OP, outpatient.
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Appendix A. Description of MarketScan Databases

The MarketScan Commercial Database contained the inpatient, outpatient, 
and outpatient prescription drug experience of employees and their depen-
dents, covered under a variety of fee-for-service and managed care health 
plans, including exclusive provider organizations, PPOs, POS plans, in-
demnity plans, and health maintenance organizations. The MarketScan 
Medicare Supplemental Database contained the health care experience 
(both medical and pharmacy) of retirees with Medicare Supplemental in-
surance paid for by employers. Both MarketScan Databases provided de-
tailed cost, use, and outcomes data for health care services performed in 
the inpatient and outpatient settings. The medical claims were linked to 
outpatient prescription drug claims and person-level enrollment data using 
unique enrollee identifiers. Health care costs were based on paid amounts 
of adjudicated claims, including insurer and health plan payments as well as 
patient cost-sharing in the form of copayment, deductible, and coinsur-
ance. Cost for services provided under capitated arrangements were es-
timated using payment proxies based on paid claims at the procedure 
level using the MarketScan Commercial and Medicare Supplemental da-
tabases. The MarketScan databases contain an indicator variable on 
whether claims are capitated ($0 costs). A payment proxy is built based 
on the average cost by procedure, region payer, and calendar year for 
commercial and Medicare databases separately and is applied to assign 
a market value to capitated claims, thus keeping them for cost analyses. 
Capitated claims make up a small proportion of the commercial and 
Medicare databases. Abbreviations: POS, point of service; PPO, preferred 
provider organization.

Appendix B. Diagnosis and Procedure Codes Used to 
Identify cUTIs

To identify a cUTI, patients were required to have ≥1 inpatient or outpa-
tient claim with a diagnosis code in any position from Group A or ≥1 in-
patient or outpatient claim with a diagnosis code in any position from 
Group B and ≥1 inpatient or outpatient claim with a diagnosis or proce-
dure code in any position from Group C within 7 days of each other.

ICD-10-CM Diagnosis Code Description Group

N10 Acute tubulo-interstitial nephritis A

N110 Nonobstructive reflux–associated chronic pyelonephritis A

N118 Other chronic tubulo-interstitial nephritis A

N12 Tubulo-interstitial nephritis, not specified as acute or chronic A

N151 Renal and perinephric abscess A

N159 Renal tubulo-interstitial disease, unspecified A

N16 Renal tubulo-interstitial disorders in diseases classified elsewhere A
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Continued  

ICD-10-CM Diagnosis Code Description Group

N2884 Pyelitis cystica A

N2885 Pyeloureteritis cystica A

N2886 Ureteritis cystica A

N35111 Postinfective urethral stricture, not elsewhere classified, male, meatal A

N35112 Postinfective bulbous urethral stricture, not elsewhere classified A

N35113 Postinfective membranous urethral stricture, not elsewhere classified A

N35114 Postinfective anterior urethral stricture, not elsewhere classified A

N35116 Postinfective urethral stricture, not elsewhere classified, male, overlapping sites A

N35119 Postinfective urethral stricture, not elsewhere classified, male, unspecified A

N3512 Postinfective urethral stricture, not elsewhere classified, female A

T83510A Infection and inflammatory reaction due to cystostomy catheter, initial encounter A

T83511A Infection and inflammatory reaction due to indwelling urethral catheter, initial encounter A

T83512A Infection and inflammatory reaction due to nephrostomy catheter, initial encounter A

T83518A Infection and inflammatory reaction due to other urinary catheter, initial encounter A

N139 Obstructive and reflux uropathy, unspecified B

N3000 Acute cystitis without hematuria B

N3001 Acute cystitis with hematuria B

N3010 Interstitial cystitis (chronic) without hematuria B

N3011 Interstitial cystitis (chronic) with hematuria B

N3020 Other chronic cystitis without hematuria B

N3021 Other chronic cystitis with hematuria B

N3030 Trigonitis without hematuria B

N3031 Trigonitis with hematuria B

N3040 Irradiation cystitis without hematuria B

N3041 Irradiation cystitis with hematuria B

N3080 Other cystitis without hematuria B

N3081 Other cystitis with hematuria B

N3090 Cystitis, unspecified without hematuria B

N3091 Cystitis, unspecified with hematuria B

N340 Urethral abscess B

N341 Nonspecific urethritis B

N342 Other urethritis B

N343 Urethral syndrome, unspecified B

N35014 Post-traumatic urethral stricture, male, unspecified B

N35028 Other post-traumatic urethral stricture, female B

N358 Other urethral stricture B

N35811 Other urethral stricture, male, meatal B

N35812 Other urethral bulbous stricture, male B

N35813 Other membranous urethral stricture, male B

N35814 Other anterior urethral stricture, male B

N35816 Other urethral stricture, male, overlapping sites B

N35819 Other urethral stricture, male, unspecified site B

N3582 Other urethral stricture, female B

N359 Urethral stricture, unspecified B

N35911 Unspecified urethral stricture, male, meatal B

N35912 Unspecified bulbous urethral stricture, male B

N35913 Unspecified membranous urethral stricture, male B

N35914 Unspecified anterior urethral stricture, male B

N35916 Unspecified urethral stricture, male, overlapping sites B

N35919 Unspecified urethral stricture, male, unspecified site B

N3592 Unspecified urethral stricture, female B

N360 Urethral fistula B

N361 Urethral diverticulum B

N362 Urethral caruncle B

N365 Urethral false passage B

N368 Other specified disorders of urethra B
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ICD-10-CM Diagnosis Code Description Group

N99110 Postprocedural urethral stricture, male, meatal B

N99111 Postprocedural bulbous urethral stricture, male, B

N99112 Postprocedural membranous urethral stricture, male B

N99113 Postprocedural anterior bulbous urethral stricture, male B

N99114 Postprocedural urethral stricture, unspecified B

N99115 Postprocedural fossa navicularis urethral stricture B

N99116 Postpore ureal urethral stricture, overlapping sites B

N9912 Postprocedural urethral stricture, female B

N37 Urethral disorders in diseases classified elsewhere B

N390 Urinary tract infection, site not specified B

N1330 Unspecified hydronephrosis C

N1339 Other hydronephrosis C

N139 Obstructive and reflux uropathy, unspecified C

N200 Calculus of kidney C

N201 Calculus of ureter C

N202 Calculus of kidney with calculus of ureter C

N209 Urinary calculus, unspecified C

N312 Flaccid neuropathic bladder, not elsewhere classified C

N319 Neuromuscular dysfunction of bladder, unspecified C

N320 Bladder–neck obstruction C

N3289 Other specified disorders of bladder C

N329 Bladder disorder, unspecified C

N3644 Muscular disorders of urethra C

N400 Benign prostatic hyperplasia without lower urinary tract symptoms C

N401 Benign prostatic hyperplasia with lower urinary tract symptoms C

N402 Nodular prostate without lower urinary tract symptoms C

N403 Nodular prostate with lower urinary tract symptoms C

N4283 Cyst of prostate C

N99510 Cystostomy hemorrhage C

N99511 Cystostomy infection C

N99512 Cystostomy malfunction C

N99518 Other cystostomy complication C

Q6210 Congenital occlusion of ureter, unspecified C

Q6211 Congenital occlusion of ureteropelvic junction C

Q6212 Congenital occlusion of ureterovesical orifice C

Q6231 Congenital ureterocele, orthotopic C

Q6239 Other obstructive defects of renal pelvis and ureter C

R338 Other retention of urine C

R339 Retention of urine, unspecified C

R3914 Feeling of incomplete bladder emptying C

Z436 Encounter for attention to other artificial openings of urinary tract C

Z466 Encounter for fitting and adjustment of urinary device C

ICD-10-PCS code Description Group

0T9B70Z Drainage of bladder with drainage device, via natural or artificial opening C

0T9B80Z Drainage of bladder with drainage device, via natural or artificial opening endoscopic C

0T2BX0Z Change drainage device in bladder, external approach C

3C1ZX8Z Irrigation of indwelling device using irrigating substance, external approach C

CPT code Description Group

51702 Insertion of temporary indwelling bladder catheter; simple (eg, Foley) C

51703 Insertion of temporary indwelling bladder catheter; complicated (egg, altered anatomy, fractured catheter/balloon) C

Abbreviations: CPT, current procedural terminology; cUTI, complicated urinary tract infection; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; 
ICD-10-PCS, International Classification of Diseases, Tenth Revision, Procedure Coding System.
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