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Abstract
Measures implemented to prevent transmission of severe acute respiratory syndrome coronavirus 2 in
outpatient dialysis facilities may also help to prevent catheter-associated bloodstream infections in patients
receiving hemodialysis. We used United States Renal Data System data to examine rates of antibiotic
administration within dialysis facilities and rates of hospital admission for catheter-associated bloodstream
infection fromMarch 2018 through November 2020, and rates of hospitalization for sepsis, to address overall
changes in hospitalization during the coronavirus disease 2019 (COVID-19) pandemic. Using logistic
regression, we estimated year-over-year adjusted odds ratios of these events in 3-month intervals. During the
first 6 months of the pandemic, rates of antibiotic administration were between 20% and 21% lower, and rates
of hospitalization for catheter-associated bloodstream infection were between 17% and 24% lower than during
corresponding periods in 2019, without significant changes in rates of hospitalization for sepsis. However,
rates of catheter-associated events also decreased between 2018 and 2019, driven by reductions in facilities
operated by a large dialysis provider. These data suggest that significant reductions in catheter-associated
infections occurred during the pandemic, superimposed on nonpandemic-related reductions in some facilities
before the pandemic. Even after the pandemic, it may be prudent to continue some COVID-19 mitigation
measures to prevent catheter-associated bloodstream infections.
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Introduction
Catheter-associated bloodstream infections are an
important source of morbidity and mortality among
patients receiving hemodialysis through a central
venous catheter. Preventing and monitoring these
events were identified as a major priority by the
United States Department of Health and Human Serv-
ices. Multiple federal initiatives have aimed to reduce
catheter utilization, improve infection-control prac-
tices inside and outside the dialysis facility, and
ultimately lower the rate of catheter-associated blood-
stream infections. The ESRD Networks’ Fistula First
initiative was introduced in the early 2000s to increase
the use of fistulae (and decrease the use of catheters)
among patients receiving maintenance hemodialysis,
and the Centers for Medicare & Medicaid Services has
included standardized fistula ratios and long-term
catheter rates into the ESRD Quality Incentive Pro-
gram. At the end of 2019, only 13% of hemodialysis
patients used a catheter for $3 months (1). However,
more than 80% of patients who initiate hemodialysis
rely on a catheter for first access (2). Thus, efforts to
prevent catheter-associated bloodstream infections
remain important. The Centers for Disease Control
and Prevention (CDC) has developed guidelines and
toolkits for the prevention of infections, and the

National Healthcare Safety Network monitors these
events. Although the ESRD Quality Incentive Program
includes a measure pertaining to the incidence of
bloodstream infections reported to the National
Healthcare Safety Network, that measure is adjusted
for the prevalence of catheter utilization in a facility.
As such, there is no measure that specifically tracks
the absolute number of catheter-associated infections.
In 2020, the coronavirus disease 2019 (COVID-19)

pandemic led to widespread and unprecedented
implementation of new infection-control measures to
reduce transmission of severe acute respiratory syn-
drome coronavirus 2 within dialysis facilities (3).
These measures included use of personal protective
equipment such as masks, gowns, and eye protection
by staff, and masks by patients. Frequent hand
hygiene, surface cleaning, and disinfection of dialysis
machines and stations were also employed. We
hypothesized that these measures may have also
served to reduce rates of catheter-associated blood-
stream infections in 2020. To investigate this possibil-
ity, we ascertained rates of intravenous antibiotic
administration in dialysis facilities and hospitalization
for bloodstream infection among Medicare beneficia-
ries undergoing hemodialysis with a catheter from
March 1, 2018, to November 30, 2020. We also
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ascertained rates of hospitalization admission for non–cath-
eter-associated sepsis events, so that secular trends in hos-
pitalization for bloodstream infection might be contrasted.

Materials and Methods
We used Medicare Part B claims submitted by outpatient

dialysis facilities to identify patients undergoing full-care,
in-facility hemodialysis with a central venous catheter dur-
ing the last 7 days of each calendar month from February
2018 to October 2020. Only those patients alive on the last
day of the calendar month were retained for follow-up in
the subsequent month. The use of a catheter was ascer-
tained from the last hemodialysis treatment of the calendar
month on the basis of modifier code V5; continued use of a
catheter was presumed during the subsequent month. For
each patient, we ascertained age (at the end of the calendar
month), sex, and race and ethnicity.
Our coprimary events during each follow-up month

were intravenous administration of any antibiotic in an
outpatient dialysis facility and the incidence of any hospi-
talization with a discharge diagnosis of infection related to
a catheter. Regarding antibiotics, we included only admin-
istrations without modifier code AY, which indicates
treatment unrelated to kidney failure. Infection related to a
catheter was defined by International Classification of
Diseases, 10th Revision, Clinical Modification (ICD-10-CM)
diagnosis codes T80.211A, T80.212A, T80.218A, T80.219A,
or T82.7XXA (4). Because hospitalization use decreased
nationwide in 2020, we also assessed the incidence of hos-
pitalization with a principal discharge diagnosis of sepsis,
so that we could compare changes in hospitalization for
infection due to catheters and sepsis.
We used logistic regression to estimate secular trends in

the incidence of each event during 3-month intervals begin-
ning in March 2018. We used a generalized estimation
equation to account for multiple months per patient, and
we adjusted for age, sex, and race and ethnicity. During
our analysis, we discovered that the quality of intravenous
antibiotic administration data in facilities operated by a
large dialysis provider, henceforth referred to as “dialysis
provider 2,” deteriorated during the last 4 months of 2019,
leading to a clinically implausible scenario of almost no uti-
lization of vancomycin and daptomycin, according to
claims in 2020. For this reason, we modeled antibiotic
administration only in patients dialyzing in facilities not
operated by this provider (and hospitalization in all facili-
ties), with stratification by dialysis provider (dialysis pro-
vider 1, dialysis provider 2, all other organizations). Analy-
ses were conducted in SAS v9.4 (SAS Institute, Cary, NC).

Results
There were a mean of 43,755 patients dialyzing via a

catheter at the beginning of each month from March 2018
to November 2020. Among all patient months, the mean
age was 64.9 years, 51% were women, and 36% were Black;
characteristics were unchanged during the study era.
Unadjusted rates of antibiotic administration in the dialy-

sis facility and admissions for catheter-associated blood-
stream infection showed seasonal variation with peaks in

July–September of each year, whereas admissions for non-
catheter-associated sepsis did not display substantial sea-
sonal variation (Figure 1). Between March 2019 and Febru-
ary 2020, adjusted year-over-year declines in the rate of
antibiotic administration in dialysis facilities were between
12% and 16%. Between June 2019 and February 2020,
adjusted year-over-year declines in the rate of hospitaliza-
tion for catheter-associated bloodstream infection were
between 11% and 14% (Table 1).

During the first 6 months of the COVID-19 pandemic,
adjusted rates of antibiotic administration were between
20% and 21% lower, while corresponding rates of hospitali-
zation for catheter-associated bloodstream infection were
between 17% and 24% lower, compared with already-
lower rates in 2019 (Table 1). Adjusted year-over-year
declines in these rates were nearer 10% between September
and November 2020. There were no significant changes in
hospital admissions for non–catheter-associated sepsis
during 2019 or 2020. Unadjusted rates of antibiotic admin-
istration in the dialysis facility and hospitalization for
catheter-associated bloodstream infections, stratified by
dialysis provider, are displayed in Supplemental Figures
1–3. Year-over-year odds ratios of hospitalization for
catheter-associated bloodstream infection, stratified by dial-
ysis provider organization, are displayed in Table 2. In
facilities operated by dialysis provider 1, year-over-year
declines were apparent beginning in June 2019; during the
first 3 months of the pandemic, the year-over-year decline
was even larger (35%). In all other facilities, year-over-year
declines during the prepandemic era were modest and gen-
erally nonsignificant. During the first 3 months of the
pandemic, year-over-year declines were 17% and 21% in

Antibiotic administration, 20185

4

3

2

1

0

Antibiotic administration, 2020

Admission for catheter-associated bloodstream infection, 2018

Admission for sepsis, 2018–2020

Calendar month (1 = January)

M
on

th
ly

 in
ci

de
nc

e 
(%

)

1 2 3 4 5 6 7 8 9 10 11 12

Admission for catheter-associated bloodstream infection, 2020
Admission for catheter-associated bloodstream infection, 2019

Antibiotic administration, 2019

Figure 1. | Monthly incidence of intravenous antibiotic administra-
tion in an outpatient dialysis facility, hospital admission for catheter-
associated bloodstream infection, and hospital admission for sepsis
among Medicare beneficiaries undergoing in-facility hemodialysis
with a central venous catheter, March 2018–November 2020. Data
regarding intravenous antibiotic administration are limited to facilities
not operated by dialysis provider 2.
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facilities operated by dialysis provider 2 and facilities not
operated by either dialysis provider 1 or dialysis provider
2, respectively.

Discussion
There were significant reductions in the administration

of intravenous antibiotics in dialysis facilities and hospital
admissions for catheter-associated bloodstream infection
among Medicare beneficiaries with central venous catheters
between March 2018 and November 2020, and those reduc-
tions were not accompanied by changes in rates of admis-
sion for sepsis. Decreases during March to November 2020
were in keeping with our hypothesis that rates declined
during the COVID-19 pandemic. However, we also found
that year-over-year reductions in administration of intrave-
nous antibiotics and hospital admissions for catheter-
associated bloodstream infection were apparent beginning
in June 2019, nearly 1 year before the COVID-19 pandemic
began. This suggests that factors other than changes in
infection-control practices during the pandemic are

partially responsible for the multiyear trend in outcomes.
Nevertheless, the parallel reductions in in-facility antibiotic
administration and hospitalizations for catheter-associated
bloodstream infection suggest that there was a true reduc-
tion in these events rather than a shift from inpatient to
outpatient management. Furthermore, the lack of reduction
in non–catheter-associated admissions for sepsis during the
same period suggests that overall changes in hospitaliza-
tion rates during the pandemic were not the reason for
these findings.
We speculate that gowning, masking, and increased dis-

infection in dialysis facilities to reduce transmission of
severe acute respiratory syndrome coronavirus 2 may have
reduced the incidence of catheter-associated bloodstream
infections, even beyond recent measures designed to
reduce catheter-associated bloodstream infections in the
hemodialysis population. In 2009, the CDC announced
plans for a collaborative project to prevent bloodstream
infections and invited outpatient dialysis facilities to partic-
ipate. The resulting collaborative group developed and
implemented a bundled intervention that included

Table 1. Year-over-year adjusted odds ratios of intravenous antibiotic administration in an outpatient dialysis facility, hospital
admission for catheter-associated bloodstream infection, and hospital admission for sepsis, by 3-month interval,
March 2019–November 2020

Interval Referent IV Antibiotic Administrationa

Hospital Admissionb

Catheter-associated BSI Sepsis

AOR 95% CI AOR 95% CI AOR 95% CI

Prepandemic
2019:3–2019:5 2018:3–2018:5 0.88 0.84 to 0.93 0.97 0.92 to 1.04 1.03 0.97 to 1.09
2019:6–2019:8 2018:6–2018:8 0.84 0.80 to 0.89 0.89 0.84 to 0.95 0.99 0.93 to 1.05
2019:9–2019:11 2018:9–2018:11 0.84 0.80 to 0.88 0.86 0.81 to 0.91 1.03 0.97 to 1.10
2019:12–2020:2 2018:12–2019:2 0.84 0.79 to 0.88 0.88 0.83 to 0.94 1.00 0.94 to 1.06

Pandemic
2020:3–2020:5 2019:3–2019:5 0.79 0.75 to 0.84 0.76 0.71 to 0.81 0.98 0.92 to 1.04
2020:6–2020:8 2019:6–2019:8 0.80 0.76 to 0.85 0.83 0.78 to 0.89 0.99 0.93 to 1.05
2020:9–2020:11 2019:9–2019:11 0.89 0.84 to 0.94 0.89 0.83 to 0.95 0.95 0.89 to 1.00

AOR, adjusted odds ratio; BSI, bloodstream infection; 95% CI, 95% confidence interval; IV, intravenous.
aIn facilities not operated by dialysis provider 2.
bIn all facilities.

Table 2. Year-over-year adjusted odds ratios of hospital admission for catheter-associated bloodstream infection, by 3-month
interval and stratified by dialysis provider organization, March 2019–November 2020

Interval Referent
Dialysis Provider 1 Dialysis Provider 2 All Other Organizations

AOR 95% CI AOR 95% CI AOR 95% CI

Prepandemic
2019:3–2019:5 2018:3–2018:5 0.96 0.87 to 1.07 0.94 0.85 to 1.04 1.04 0.92 to 1.17
2019:6–2019:8 2018:6–2018:8 0.76 0.68 to 0.84 0.98 0.89 to 1.08 0.96 0.87 to 1.06
2019:9–2019:11 2018:9–2018:11 0.74 0.66 to 0.83 0.90 0.81 to 0.99 0.93 0.84 to 1.03
2019:12–2020:2 2018:12–2019:2 0.78 0.69 to 0.88 0.96 0.86 to 1.06 0.90 0.80 to 1.02

Pandemic
2020:3–2020:5 2019:3–2019:5 0.65 0.57 to 0.73 0.83 0.75 to 0.93 0.79 0.70 to 0.90
2020:6–2020:8 2019:6–2019:8 0.76 0.68 to 0.85 0.93 0.84 to 1.02 0.79 0.71 to 0.89
2020:9–2020:11 2019:9–2019:11 0.89 0.79 to 1.00 0.97 0.87 to 1.08 0.79 0.70 to 0.89

AOR, adjusted odds ratio; 95% CI, 95% confidence interval.
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surveillance of bloodstream infections and feedback
through the National Healthcare Safety Network, staff edu-
cation and competency, chlorhexidine for skin antisepsis,
catheter care observations, and patient education and
engagement efforts (5). Implementation of these interven-
tions resulted in a 54% reduction in access-related blood-
stream infections at the end of a 15-month intervention (5)
that was sustained over 4 years (6). Nevertheless, it appears
that further reductions in infection rates occurred in 2020,
possibly related to better hygiene and disinfection during
the COVID-19 pandemic. This finding is important because
it suggests that some measures implemented to reduce
intrafacility transmission of COVID-19 should be continued
to prevent catheter-associated bloodstream infections.
Interestingly, year-over-year declines in infection rates
were relatively modest between September and November
2020. Given that this period coincided with a decline in the
incidence of COVID-19 infection throughout the United
States, it is possible that infection-prevention practices may
have partially lapsed during this period. Alternatively,
infection rates may have begun to stabilize at a new, lower
level.
Our study also identified a substantial reduction in rates

of bloodstream infections in late 2019 and early 2020 that
occurred before the onset of widespread COVID-19 and
COVID-19 mitigation practices in dialysis facilities in the
United States. The national reduction was primarily driven
by one large dialysis organization. The most likely explana-
tion for this reduction is the introduction of antimicrobial
barrier catheter caps into routine use in dialysis facilities
across the country. Randomized controlled trials of the
ClearGuard HD antimicrobial barrier cap (ICU Medical,
San Clemente, CA) showed a 43% lower rate of blood-
stream infections compared with standard caps over
12 months (7) and a 63% lower rate compared with a com-
bination of a Tego needlefree connector (ICU Medical) and
Curos disinfecting cap for Tego (3M Health Care, St. Paul,
MN). Interestingly, dialysis provider 1 introduced Clear-
Guard HD caps as standard of care in May 2019 (8), and
beginning in the next month, we observed a series of year-
over-year declines in the rate of hospitalization for
catheter-associated bloodstream infection in those facilities.
These declines may represent a real-world confirmation of
clinical trial results. On the other hand, the CDC has
emphasized prevention of vascular access infections during
the past decade; some of the ongoing declines in the rate of
hospitalization for catheter-related bloodstream infections
may be attributable to these efforts.
The strength of this study is its inclusion of recent data

on a large percentage of the hemodialysis population
dialyzing through catheters. However, there are also limita-
tions. We were able to observe only events that are cap-
tured through claims, and therefore, we could not examine
rates of positive blood cultures. Practice changes in 2019
resulted in complex changes in rates of outcomes across
dialysis provider organizations before the pandemic, com-
plicating interpretation of events in 2020. Stratification by
dialysis provider revealed that baseline rates were more
stable in some organizations than in others and allowed for
better resolution of the changes in 2020 relative to 2019.
However, claims do not provide information about utiliza-
tion of hemodialysis catheter devices, including caps, that

may have varied by provider. We lack an explanation for
the disappearance of line-item billing regarding vancomy-
cin and daptomycin administration in patients receiving
care in facilities operated by dialysis provider 2, which led
to our strategy of limiting analysis of this outcome to
patients dialyzing in facilities not operated by dialysis pro-
vider 2. Finally, we cannot discount the possibility that the
threshold for hospitalization changed during the pandemic,
although we found that incidence of admissions for sepsis
did not significantly decline, even during the first wave of
the pandemic.

Rates of hospitalization for catheter-associated blood-
stream infection declined between 2018 and 2019 and again
between 2019 and 2020. Antibiotic administration rates
showed a similar pattern, but admissions for sepsis
appeared stable over this period. COVID-19–related
infection-control practices appeared to reduce bloodstream
infections beyond what was accomplished through
directed infection-control practices and introduction of new
catheter caps in 2018–2019.
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Supplemental Material
This article contains supplemental material online at http://

cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.
11360821/-/DCSupplemental.

Supplemental Figure 1. Monthly incidence of intravenous anti-
biotic administration in an outpatient dialysis facility and hospital
admission for catheter-associated bloodstream infection among
Medicare beneficiaries undergoing in-facility hemodialysis with a
central venous catheter, March 2018–November 2020 in facilities
operated by dialysis provider 1.

Supplemental Figure 2. Monthly incidence of intravenous anti-
biotic administration in an outpatient dialysis facility and hospital
admission for catheter-associated bloodstream infection among
Medicare beneficiaries undergoing in-facility hemodialysis with a
central venous catheter, March 2018–November 2020 in facilities
operated by dialysis provider 2.

Supplemental Figure 3. Monthly incidence of intravenous anti-
biotic administration in an outpatient dialysis facility and hospital
admission for catheter-associated bloodstream infection among
Medicare beneficiaries undergoing in-facility hemodialysis with a
central venous catheter, March 2018–November 2020 in facilities
not operated by dialysis provider 1 or dialysis provider 2.
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