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Abstract

Background: Central-line bloodstream infections (CLABSIs) and catheter-associated urinary tract infections (CAUTIs) negatively impact
clinical outcomes and hospital reimbursement. In this report, 4 year trends involving 11 hospitals in New York City were examined.

Methods: Data from the National Healthcare Safety Network (NHSN) were extracted for 11 acute-care hospitals belonging to the NYC
Health þ Hospital system from 2016 through 2019. Trends in device infections per 1,000 patient days, device utilization ratios, and stand-
ardized infection ratios (SIRs) were examined for the 11 hospitals and for the entire system.

Results: Over the 4-year period, there were progressive declines in central-line days, infections per 1,000 central-line days, and device
utilization ratios for the system. The average annual SIRs for the system also declined: 1.40 in 2016, 1.09 in 2017, 1.04 in 2018, and 0.82
in 2019. Case-mix indices correlated with SIRs for CLABSIs. Level 1 trauma centers had higher SIRs and a disproportionately greater number
of CLABSIs in patients located in NHSN-defined surgical intensive care units. Similar trends with CAUTIs were noted, with progressive
declines in catheter days, infections per 1,000 patient days, device utilization ratios, and SIRs (1.42 in 2016, 0.93 in 2017, 1.18 in 2018,
and 0.78 in 2019) over the 4-year period.

Conclusions: Across an 11-hospital system, continuing efforts to reduce device utilization and infection rates resulted in declining SIRs for
CLABSIs and CAUTIs. Hospitals with higher case-mix indices, and particularly level 1 trauma centers, had significantly higher central-line
infection rates and SIRs.

(Received 11 September 2020; accepted 19 October 2020; electronically published 19 November 2020)

Central-line–associated bloodstream infections (CLABSIs) and
catheter-associated urinary tract infections (CAUTIs) are associ-
ated with adverse clinical outcomes. CLABSIs are associated with
greater lengths of hospital stay and mortality rates.1,2 Similar
adverse outcomes have been associated with CAUTIs in critically
ill patients.3 These hospital-associated catheter infections also pose
a financial burden, with estimated additional hospital costs of
$48,000 and $14,000 for CLABSIs and CAUTIs, respectively,
and hospitals may not be reimbursed for these costs.4 These infec-
tions are also factored into value-based purchasing policies, further
financially penalizing medical centers with higher rates.

More than a decade ago, interventions were developed to
reduce CLABSIs and CAUTIs. These interventions largely empha-
sized reducing unnecessary catheter use and improving catheter
care. Initial reports documented impressive declines in both

CLABSIs5–8 and CAUTIs9,10 following the institution of catheter
“bundles.” The Centers for Disease Control and Prevention
published multicomponent 2-tiered approaches for reducing
CLABSIs and CAUTIs.11,12 For each, the initial tier includes
emphasis on decreasing catheter utilization and promoting specific
insertion and maintenance techniques. If rates remain elevated
despite first-tier implementation, second-tier recommendations
can be attempted. The second-tier components include catheter
rounds, feedback, observed competencies, and focused reviews.
More recent studies have suggested that these tiered measures
may not always be successful or reach a leveling off point,5,13,14

which suggests that additional infection control measures will be
needed for further reductions.

In this report, we describe trends regarding CLABSIs and
CAUTIs in 11 acute-care medical centers under the New York
City Health þ Hospitals system.

Methods

The New York City Health þ Hospitals system includes 11 acute-
care medical centers in the boroughs of Brooklyn, Bronx,

Author for correspondence: John Quale, E-mail: john.quale@nychhc.org
Cite this article: Kaminski MA, et al. (2021). Trends in central-line-associated

bloodstream infections and catheter-associated urinary tract infections in a large acute-
care hospital system in New York City, 2016-2019. Infection Control & Hospital
Epidemiology, 42: 842–846, https://doi.org/10.1017/ice.2020.1293

© The Author(s), 2020. Published by Cambridge University Press on behalf of The Society for Healthcare Epidemiology of America.

Infection Control & Hospital Epidemiology (2021), 42, 842–846

doi:10.1017/ice.2020.1293

https://doi.org/10.1017/ice.2020.1293 Published online by Cambridge University Press

https://orcid.org/0000-0001-6043-4298
mailto:john.quale@nychhc.org
https://doi.org/10.1017/ice.2020.1293
https://doi.org/10.1017/ice.2020.1293
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/ice.2020.1293&domain=pdf
https://doi.org/10.1017/ice.2020.1293


Manhattan, and Queens. These public facilities all have major aca-
demic affiliations, and they predominantly serve persons residing
in neighborhoods of low socio-economic status.

Information regarding hospital-specific reportable infections
were obtained from the National Healthcare Safety Network
(NHSN) database and retrospectively reviewed. Line listings
for each reportable infection were obtained for each hospital
for the period of January 1, 2016, through December 31, 2019.
CLABSIs and CAUTIs were identified according to Centers for
Disease Control and Prevention NHSN definitions. Patients were
excluded if the diagnosis of mucosal barrier injury laboratory-
confirmed bloodstream infection or asymptomatic bacterial uri-
nary tract infection was entered. For each medical center, the
annual standardized infection ratios (SIRs), number of catheter
days, and number of patient days were also gathered. The 2019
Medicare case-mix index (CMI) and average length of stay
(LOS) for each hospital were obtained from the American Hospital
Directory (AHD.com).

Statistical analysis

The Student t test and Fisher exact test were used to compare con-
tinuous and categorical values, respectively. Multiple linear regres-
sion analysis was used to determine any correlation between SIRs
with CMI and LOS. A P ≤ .05 was considered significant.

Results

CLABSIs

From 2016 to 2019, the number of CLABSIs reported for the entire
11-hospital system progressively declined: 159 in 2016, 124 in
2017, 111 in 2018, and 85 in 2019. The average age of the patients
with CLABSIs remained constant over the 4 years: 55.4± 23.2 years
in 2016, 51.2 ± 25.5 years in 2017, 54.8 ± 23.2 years in 2018, and
50.4 ± 26.0 years in 2019. The number of central-line days across
the system decreased: 88,105 days in 2016, 86,905 days in 2017,
80,781 days in 2018, and 76,444 days in 2019. The number of infec-
tions per 1,000 central-line days also progressively declined across
the system (Table 1). The number of patient days across the system
remained stable: 819,449 in 2016, 828,982 in 2017, 809,482 in 2018,
and 794,174 in 2019). The device utilization ratios (ie, central-line
days per hospital patient days) decreased: 0.1075 in 2016, 0.1048 in
2017, 0.0998 in 2018, and 0.0963 in 2019. Dialysis-related infec-
tions were frequent, accounting for 33 of 159 CLABSIs (21%) in
2016, 11 of 124 (9%) in 2017, 24 of 111 (22%) in 2018, and 34
of 85 (40%) in 2019. Notably, documentation of the presence of
a dialysis catheter became a mandatory reporting item in 2019,
likely accounting for the increase for that year. The median time
from admission to infection decreased over the 4-year period:
24 days in 2016, 24.5 days in 2017, 20 days in 2018, and 18 days
in 2019. The average annual SIRs for the 11 hospital system also
progressively decreased: 1.40 in 2016, 1.09 in 2017, 1.04 in 2018,
and 0.82 in 2019. Multiple linear regression analysis revealed a
direct relationship between SIRs and CMI (P <.01) but not with
LOS. The SIRs were higher in the 7 hospitals with CMI ≥1.5 com-
pared to the 4 hospitals with CMI <1.5: 1.13 ± 0.24 vs 0.29 ± 0.21;
P < .001).

Of the 11 hospitals, 5 (ie, A, C, E, F, G) were level 1 trauma cen-
ters. For the 4-year period, these 5 hospitals accounted for
2,014,645 of 3,252,087 total patient days (62%) and 208,923 of
332,235 central-line days (63%), and 354 of 479 of all CLABSIs
(74%). Compared with the 6 hospitals that were not trauma

centers, both the annual number of infections per 1,000 central-
line days and the SIRs were significantly higher in the 5 trauma-
center hospitals: 1.64 ± 0.60 versus 0.89 ± 0.61 infections per
1,000 central-line days (P < .001) and 1.43 ± 0.56 versus 0.80 ±
0.50, (P < .001). Of the 354 CLABSIs from the trauma centers,
57 originated from patients in NHSN-defined surgical intensive
care units versus 8 of the 125 CLABSIs from surgical intensive care
units in the nontrauma centers (P = .006).

Over the 4-year period, 535 pathogens were involved in the 479
CLABSIs (Table 2). The number of infections due to nonferment-
ing bacteria (Acinetobacter spp, Burkholderia spp, Pseudomonas
aeruginosa, and Stenotrophomonas spp), well-recognized catheter-
related pathogens, were infrequent. Over the 4-year period, there
were impressive declines in the number of infections attributed to
Enterobacteraceae (Escherichia coli and Klebsiella pneumoniae).
However, Enterococcus spp and Candida spp remained problem-
atic pathogens, accounting for nearly 40% of all infections. For the
infections occurring in the adult intensive care units, Candida spp
were especially challenging, accounting for 66 of 239 infections
(28%); however, none of the Candida isolates were identified as
Candida auris.

CAUTIs

From 2016 to 2019, there was a decline in the number of CAUTIs
reported for the hospital system. The numbers of reported CAUTIs
for the 11 hospitals were 157 in 2016, 133 in 2017, 123 in 2018, and
87 in 2019. The percentage of patients with CAUTIs that were
female remained constant over the 4-year study period: 73 of
157 (46%) in 2016, 68 of 133 (51%) in 2017, 63 of 123 (51%) in
2018, and 44 of 87 (51%) in 2019. Similarly, average age of the
patients with CAUTIs remained constant over the 4 years: 62.8
± 17.3 years in 2016, 66.2 ± 15.3 years in 2017, 65.4 ± 15.6 in
2018, and 66.1 ± 15.9 in 2019. The number of infections per
1,000 device days progressively declined across the 11-hospital
system (Table 1). The device utilization ratios also decreased:
0.101 in 2016, 0.0998 in 2017, 0.0924 in 2018, and 0.0915 in

Table 1. Trends in the Numbers of CLABSIs and CAUTIs per 1,000 Device Days for
the 11 Acute-Care Hospitals, 2016–2019

Hospital

CLABSIs CAUTIs

2016 2017 2018 2019 2016 2017 2018 2019

No. of Infections per 1,000
Central-Line Days

No. of Infections per 1,000
Urinary Catheter Days

Aa 1.59 2.18 2.24 1.56 2.88 2.37 2.09 2.45

B 2.73 0.99 0.72 0.86 2.23 2.48 1.42 1.31

Ca 3.19 1.89 2.25 1.28 2.41 2.90 2.58 0.88

D 1.05 0.78 0.59 0.56 1.38 1.49 1.17 0.46

Ea 2.27 1.72 1.85 1.79 1.66 1.77 1.08 0.89

Fa 1.09 1.46 1.24 0.98 2.27 0.95 2.53 1.81

Ga 0.93 1.09 0.76 1.40 0.28 0.65 1.11 0.34

H 1.38 0.36 0.41 0.42 0.67 0.00 0.38 0.51

I 0.97 2.18 0.00 0.00 2.98 0.00 1.76 0.85

J 0.86 1.14 0.73 0.28 1.61 0.90 1.45 1.14

K 1.09 1.12 1.11 1.00 2.17 0.61 1.15 0.87

System total 1.80 1.43 1.37 1.11 1.89 1.61 1.65 1.20

aLevel 1 trauma center.
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2019. The median time from admission to infection was
unchanged over the 4-year period: 14 days in 2016, 16 days in
2017, 14 days in 2018, and 18 days in 2019. The average annual
SIRs trended downward for the system: 1.42 in 2016, 0.93 in
2017, 1.18 in 2018, and 0.78 in 2019. We detected no correlation
between SIRs with CMI or LOS.

As previously noted, the 5 level 1 trauma centers accounted for
62% of all patient days. These 5 hospitals accounted for 189,161 of
313,148 urinary device days (60%) but 328 of 500 CAUTIs (66%).
Compared with the 6 hospitals that were not trauma centers, the
annual rate of infections per 1,000 device days were higher in the 5
trauma center hospitals: 1.69 ± 0.86 versus 1.21 ± 0.75 infections
per 1,000 device days (P = .05). However, the SIRs were similar
between the 2 groups: 1.16 ± 0.60 versus 1.02 ± 0.74 for the trauma
and nontrauma centers, respectively (P nonsignificant). Of the 328
CAUTIs from the trauma centers, 62 originated from patients in a
defined surgical intensive care unit versus 6 of the 172 CAUTIs
from the nontrauma centers (P < .001).

Over the 4-year period, 542 pathogens were involved in the 500
CAUTIs (Table 2). During this period, there were notable declines
in the number of infections attributed to Enterobacteraceae (eg,
Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis)
and Enterococcus spp. However, infections with Pseudomonas aer-
uginosa were frequent and persistent, accounting for 15% of all
positive cultures. Of the 500 CAUTIs, 195 (39%) involved patients
residing in intensive care areas. Of the 210 pathogens identified
from patients from intensive care units, 80 were Escherichia coli,
compared with 90 of the 332 cultures from outside intensive care

areas (P = .008). The remaining pathogens were distributed pro-
portionately between intensive care and nonintensive care areas.

Discussion

Because of the clinical and financial burden, the prevention of
hospital-associated-device–related infections has become an
important priority for medical centers. A decade ago, many of
these infections were felt to be preventable.15 Prevention of
CLABSIs has the greatest clinical and economic impact, even
though CAUTIs have been considered the most preventable
infection.2,15 Following multicomponent interventions that stressed
reducing device utilization and improvingmaintenance care, impres-
sive initial declines in CLABSIs and CAUTIs can be achieved.5–10,16

However, it appears with time the reductions reach a plateau,5,13,14

and additional measures may be needed.
In this study, we assessed continued reductions in the number

of CLABSIs and CAUTIs across a system that encompasses 11
acute-care public hospitals. Several lines of evidence suggest that
the items of emphasis regarding the Centers for Disease Control
and Prevention’s tiered approach remain important.11,12 First,
the device utilization ratios for both central lines and urinary cath-
eters declined over the 4-year period, suggesting that implementa-
tion of programs to emphasize removal and/or alternatives are
effective. During the 4-year study period, a system-wide policy
regarding midline catheters (introduced in 2017) was enacted,
likely contributing to reduced central line utilization. Similarly,
external urinary catheter systems for females were introduced

Table 2. Pathogens Involved in CLABSIs and CAUTIs Reported by the 11 Hospitals, 2016–2019

CLABSI Pathogens

Pathogen

No. of Pathogens
Total,
No. (%)2016 2017 2018 2019

Acinetobacter spp 7 5 1 1 14 (3)

Burkholderia spp 7 0 0 1 8 (1)

Pseudomonas aeruginosa 5 3 4 4 16 (3)

Stenotrophomonas spp 5 4 1 1 11 (2)

Escherichia coli 18 13 3 7 41 (8)

Klebsiella pneumoniae 19 21 10 4 54 (10)

Staphylococcus aureus 26 21 17 15 79 (15)

Enterococcus spp 38 12 20 21 91 (17)

Candida spp 27 34 33 21 115 (21)

Other 31 23 32 20 106 (20)

CAUTI Pathogens

Pathogen

No. of Pathogens
Total,
No. (%)2016 2017 2018 2019

Acinetobacter spp 3 2 2 1 8 (1)

Pseudomonas aeruginosa 28 20 16 19 83 (15)

Escherichia coli 51 51 47 28 177 (33)

Klebsiella pneumoniae 36 26 22 9 93 (17)

Proteus mirabilis 12 8 8 9 37 (7)

Enterococcus spp 23 18 23 6 70 (13)

Other 21 14 18 21 74 (14)
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during the study period, possibly contributing to the decline of
urinary catheter utilization. Additionally, intermittent straight
catherization protocols were encouraged during this period.
However, the percentage of CAUTIs involving female patients
did not change, which suggests that other factors were involved.

Second, over the 4-year period, the number of infections
per 1,000 device days declined for both central lines and urinary
catheters. Improvements in both insertion techniques and catheter
maintenance may have contributed to these declines. Compliance
with components of catheter “bundles” has been shown to corre-
late with reductions in infections17 and may explain some of the
system reductions and interhospital variability observed in this
study. It is likely that attitudes and protocols regarding culturing
febrile patients evolved over the 4-year period and may also
account for the interhospital variability. Finally, administrative
effects may have contributed to the declines; for example, more
diligent efforts to identify secondary sources of bacteremia could
have led to fewer reported CLABSIs.

During the study period, reductions in CLABSIs and CAUTIs
were included in the New York State Department of Health
Value Based Purchasing Quality Improvement Program as quality
indicators. As a result, efforts to decrease the infections were a
priority of the hospital system. These efforts included dedicated
quality improvement nurses trained to educate healthcare workers
and to implement the system-wide quality program, including
overseeing compliance with bundles. Notably, the New York
State Department of Health audits medical centers regarding the
reporting of CLABSIs, ensuring the validity of those reports.
However, CAUTIs are not audited, and rates may be affected by
the diligence in identifying catheter-related infections.

Patient-specific variables have been identified that will
increase the likelihood of a CLABSI to occur.18,19 Patients on
hemodialysis represent an important at-risk population, and in
our report patients on dialysis accounted for ~40% of all
CLABSIs in 2019. In addition, unit-specific risk factors may affect
risk of CLABSIs.19 In our study, level 1 trauma centers had signifi-
cantly higher infection rates (and corresponding SIRs) than
nontrauma centers. The trauma centers also had significantly
higher CMIs, confirming the greater complexity of patients in
these centers. In addition, a disproportionate number of CLABSIs
originated from surgical intensive care units from these trauma
centers. Given the frequent complications and multisystem organ
involvement of patients following serious trauma, novel strategies
may be needed to reduce CLABSIs in level 1 trauma centers. For
example, at one of the trauma centers in this report, fluconazole
prophylaxis for patients on prolonged parenteral nutrition in a
surgical intensive care unit was associated with a significant
reduction of catheter-related candidemias (data not shown).
Risk adjustment in the calculation of SIRs should be considered
for trauma centers.

Although overall trends showed reduced numbers of CLABSIs
and CAUTIs, several pathogens were identified that remain prob-
lematic. For CLABSIs, Enterococcus spp and Candida spp together
accounted for 40% of all CLABSIs. The intrinsic resistance of these
2 pathogens to broad-spectrum antibiotics, including fluoroquino-
lones and cephalosporins, likely contributes to this finding. The
preponderance of Enterococcus andCandida is also likely the result
of the NHSN surveillance definition of pneumonia, which is fre-
quently used to attribute a bloodstream infection as a secondary
source. Both Enterococcus and Candida bloodstream infection
can only rarely be attributed to bacterial pneumonia (ie, PNU2).
For CLABSIs occurring in the intensive care areas, 28% involved

candidemia, likely a reflection of the number of patients on total
parenteral nutrition and with intra-abdominal complications in
these areas. Pseudomonas aeruginosa continues to be a frequent
pathogen involved in CAUTIs, a concern because of the propensity
for this pathogen to become resistant to multiple classes of antimi-
crobial agents.
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