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Abstract

Background: Health-care–associated infections (HAIs) affect 5% of patients hospitalized in the United States each year. 
Central line–associated blood stream infections (CLABSIs) are important and deadly HAIs, with reported mortality of 
12%–25%. This report provides national estimates of the number of CLABSIs among patients in intensive-care units (ICUs), 
inpatient wards, and outpatient hemodialysis facilities in 2008 and 2009 and compares ICU estimates with 2001 data.
Methods: To estimate the total number of CLABSIs among patients aged ≥1 year in the United States, CDC multiplied 
central-line utilization and CLABSI rates by estimates of the total number of patient-days in each of three settings: ICUs, 
inpatient wards, and outpatient hemodialysis facilities. CDC identified total inpatient-days from the Healthcare Cost 
and Utilization Project’s National Inpatient Sample and from the Hospital Cost Report Information System. Central-
line utilization and CLABSI rates were obtained from the National Nosocomial Infections Surveillance System for 2001 
estimates (ICUs only) and from the National Healthcare Safety Network (NHSN) for 2009 estimates (ICUs and inpatient 
wards). CDC estimated the total number of outpatient hemodialysis patient-days in 2008 using the single-day number 
of maintenance hemodialysis patients from the U.S. Renal Data System. Outpatient hemodialysis central-line utilization 
was obtained from the Fistula First Breakthrough Initiative, and hemodialysis CLABSI rates were estimated from NHSN. 
Annual pathogen-specific CLABSI rates were calculated for 2001–2009.
Results: In 2001, an estimated 43,000 CLABSIs occurred among patients hospitalized in ICUs in the United States. In 
2009, the estimated number of ICU CLABSIs had decreased to 18,000. Reductions in CLABSIs caused by Staphylococcus 
aureus were more marked than reductions in infections caused by gram-negative rods, Candida spp., and Enterococcus spp. 
In 2009, an estimated 23,000 CLABSIs occurred among patients in inpatient wards and, in 2008, an estimated 37,000 
CLABSIs occurred among patients receiving outpatient hemodialysis.
Conclusions: In 2009 alone, an estimated 25,000 fewer CLABSIs occurred in U.S. ICUs than in 2001, a 58% reduction. 
This represents up to 6,000 lives saved and $414 million in potential excess health-care costs in 2009 and approximately 
$1.8 billion in cumulative excess health-care costs since 2001. A substantial number of CLABSIs continue to occur, 
especially in outpatient hemodialysis centers and inpatient wards.
Implications for Public Health Practice: Major reductions have occurred in the burden of CLABSIs in ICUs. State and federal 
efforts coordinated and supported by CDC, the Agency for Healthcare Research and Quality, and the Centers for Medicare & 
Medicaid Services and implemented by numerous health-care providers likely have helped drive these reductions. The substantial 
number of infections occurring in non-ICU settings, especially in outpatient hemodialysis centers, and the smaller decreases in 
non–S. aureus CLABSIs reveal important areas for expanded prevention efforts. Continued success in CLABSI prevention will 
require increased adherence to current CLABSI prevention recommendations, development and implementation of additional 
prevention strategies, and the ongoing collection and analysis of data, including specific microbiologic information. To prevent 
CLABSIs in hemodialysis patients, efforts to reduce central line use for hemodialysis and improve the maintenance of central 
lines should be expanded. The model of federal, state, facility, and health-care provider collaboration that has proven so suc-
cessful in CLABSI prevention should be applied to other HAIs and other health-care–associated conditions. 

Vital Signs: Central Line–Associated Blood Stream Infections — 
United States, 2001, 2008, and 2009
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Introduction
Health-care–associated infections (HAIs) account for a 

substantial portion of health-care–acquired conditions (1) that 
harm patients receiving medical care. Nearly one in every 20 
hospitalized patients in the United States each year acquires 
an HAI. Central line–associated blood-stream infections 
(CLABSIs) are one of the most deadly types of HAIs, with a 
mortality rate of 12%–25% (2). CDC defines a CLABSI as 
recovery of a pathogen from a blood culture (a single blood 
culture for organisms not commonly present on the skin and 
two or more blood cultures for organisms commonly present 
on the skin) in a patient who had a central line at the time of 
infection or within the 48-hour period before development of 
infection. The infection cannot be related to any other infec-
tion the patient might have and must not have been present or 
incubating when the patient was admitted to the facility. 

In recent years, large-scale regional and statewide projects, 
such as the Pittsburgh Regional Healthcare Initiative and the 
Michigan Keystone Project, have demonstrated roughly 70% 
reductions in CLABSI rates in intensive-care units (ICUs) 
by increasing adherence to recommended best-practices for 
the insertion of central lines (3,4). Decreases in CLABSIs 
have been attributed to various factors, including increased 
financial and leadership support for CLABSI prevention, 
improved education and engagement of clinicians in preven-
tion efforts, packaging of prevention recommendations into 
practice bundles, increased data monitoring and feedback on 
progress, improvement of the safety culture in health-care, and 
local and statewide collaborative prevention efforts. 

In 2009, the U.S. Department of Health and Human 
Services set a national goal for a 50% reduction in CLABSIs 
by 2013 (5). CDC monitors progress toward this goal through 
the National Healthcare Safety Network (NHSN).* This report 
describes progress in CLABSI reductions in ICUs and estimates 
the numbers of CLABSIs occurring in non-ICU settings. 
CDC estimated the number of CLABSIs among hospitalized 
patients aged ≥1 years in 2009 and among patients receiv-
ing outpatient hemodialysis in 2008. CDC also compared 
the number of CLABSIs in ICUs and the pathogens causing 
inpatient CLABSIs in 2001 and 2009. 

Methods
For each setting (ICU, inpatient ward, and hemodialysis 

facility) and period, CDC multiplied patient-day estimates by 
central-line utilization ratios to estimate the total number of 
central line-days nationally and then applied CLABSI rates to 
estimate the total number of infections. CDC estimated the 
total number of inpatient-days in United States hospitals by 

averaging estimates from the Healthcare Cost and Utilization 
Project’s National Inpatient Sample (NIS) (6) and the Hospital 
Cost Report Information System (HCRIS) (7). Estimates were 
adjusted by the ratio of federal hospital patient-days to non-
federal hospital patient-days reported in the annual American 
Hospital Association survey in 2007 (8). The proportion of 
patient-days occurring in ICUs was estimated from the 2007 
HCRIS. Information on pooled mean central-line utilization 
and CLABSI rates was obtained from the approximately 260 
hospitals participating in the National Nosocomial Infections 
Surveillance System (NNIS) in 2001 (9) and the approximately 
1,600 hospitals participating in NHSN in 2009. Surveillance 
data reported to NNIS and NHSN are collected by trained 
personnel using standard methodologies and definitions. 
These data were not available for inpatient wards for 2001. 
CDC applied a correction factor to NNIS data to account for 
a change in the CLABSI definition in 2008 (10). 

CDC obtained the single-day number of maintenance 
hemodialysis patients in the Medicare End-Stage Renal Disease 
(ESRD) program for December 31, 2007, and December 31, 
2008, from the U.S. Renal Data System (11) and multiplied the 
midpoint by 365 to obtain the estimated number of hemodi-
alysis patient-days in 2008. CDC applied an adjustment factor 
to account for hemodialysis patients not covered by Medicare. 
The proportion of hemodialysis patients using a central line 
was obtained from the Fistula First Breakthrough Initiative 
(12) and applied to the number of hemodialysis patient-days. 
Pooled mean CLABSI rates were estimated from centers report-
ing event data to NHSN during 2007–2008. Because dialysis 
facilities use different definitions than hospitals, access-related 
bloodstream infection in dialysis patients with a central line 
was used to approximate CLABSI. 

CDC also performed two sensitivity analyses: one in which 
CLABSI rates and central-line utilization were both underes-
timated by 25%, and one assuming both were overestimated 
by 25%. Information on the most common pathogens causing 
CLABSIs also was analyzed. CLABSIs with more than one patho-
gen could be reported in multiple categories. Relative changes were 
calculated by comparing the pathogen group–specific incidence in 
each year, and incidence rates were compared using a mid-P test 
with confidence intervals based on the Byar method (13).

Results
For the 2009 calculations, an estimated 168 million inpa-

tient-days occurred in nonfederal acute-care hospitals in the 
United States. After adding approximately 4.9% to account 
for patient-days in federal hospitals, CDC allocated 12.5% 
of days to ICUs and 87.5% to inpatient wards, yielding 22.1 
million ICU days and 154.3 million inpatient ward days 
(Tables 1 and 2). * Additional information available at http://www.cdc.gov/nhsn.

http://www.cdc.gov/nhsn
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In 2001, the pooled mean central-line utilization ratio 
in ICUs was 0.53 central line-days per patient-day, which 
yielded 11.7 million central line-days. The CLABSI rate was 
multiplied by 0.817 to account for the change in definition, 
yielding a rate of 3.64 CLABSIs per 1,000 central line-days 
(Table 1). By applying this to ICU central line-days, CDC 
estimated that approximately 43,000 (sensitivity analysis range: 
27,000–67,000) CLABSIs occurred in U.S. ICUs in 2001 
(Table 2). In 2009, the pooled mean ICU central-line utiliza-
tion ratio was 0.50, yielding an estimated 11.0 million central 
line-days (Table 1). Applying the pooled mean ICU CLABSI 
rate of 1.65 infections per 1,000 central line-days yielded 
an estimated 18,000 CLABSIs in ICUs in 2009 (sensitivity 
analysis range: 12,000–28,000) (Tables 1 and 2). 

In inpatient wards in 2009, the pooled mean central-line utili-
zation ratio was 0.13, yielding an estimated 20.1 million central 
line-days (Table 1). Applying the pooled mean inpatient ward 
CLABSI rate of 1.14 infections per 1,000 central line-days yielded 
an estimated 23,000 CLABSIs in U.S. inpatient wards in 2009 
(sensitivity analysis range: 15,000–37,000) (Tables 1 and 2).

An estimated 127 million outpatient hemodialysis end-stage 
renal disease (ESRD) patient-days occurred in the United States 
in 2008. After adjustment for non-Medicare patients, CDC 
allocated 26.2% of patient-days to those in which a central line 
was used, based on Fistula First data, which yielded 34.9 mil-
lion estimated central line-days (Table 1). Applying the pooled 
mean estimated CLABSI rate of 1.05 per 1,000 central-line 
days yielded an estimated 37,000 (sensitivity analysis range: 
23,000–57,000) CLABSIs in hemodialysis patients in 2008 
(Tables 1 and 2).

The reduction in CLABSI incidence in 2009 compared with 
2001 was greatest for Staphylococcus aureus CLABSIs (73% 
reduction; rate ratio [RR] = 0.27; 95% confidence interval 
[CI] = 0.238–0.294) and more modest for gram-negative 
pathogens (Klebsiella spp., Escherichia coli, Acinetobacter 
baumannii, or Pseudomonas aeuriginosa) (37% reduction; 
RR = 0.63; CI = 0.568–0.692), Candida spp. (46% reduction; 
RR = 0.54; CI = 0.487–0.606), and Enterococcus spp. (55% 
reduction; RR = 0.45; CI = 0.408–0.491). 

TABLE 1. Data inputs for estimated number of central line–associated blood stream infections (CLABSIs) — United States, 2001, 
2008, and 2009

Data inputs Value Source

Inpatient health-care utilization data

Nonfederal hospital inpatient-days, 2007 168,113,488 patient-days Average of values from the National Inpatient Sample 
and Hospital Cost Report Information System, 2007

Inflation factor to account for federal health-care facilities 0.049 additional patient-days per 
nonfederal hospital day

American Hospital Association Database, 2007

Proportion of inpatient-days that are in intensive-care 
units (ICUs), 2007

0.125 Hospital Cost Report Information System, 2007

Pooled mean ICU central-line utilization, 2001 0.53 central line-days per patient-day National Nosocomial Infections Surveillance System, 
1999–2003

Pooled mean ICU central-line utilization, 2009 0.50 central line-days per patient-day National Healthcare Safety Network, 2009

Pooled mean inpatient ward central-line utilization, 2009 0.13 central line-days per patient-day National Healthcare Safety Network, 2009

Inpatient CLABSI rate data

Pooled mean ICU CLABSI rate adjusted for definition 
change, 2001

3.64 per 1,000 central line-days National Nosocomial Infections Surveillance System, 
1999–2003

Pooled mean ICU CLABSI rate, 2009 1.65 per 1,000 central line-days National Healthcare Safety Network, 2009

Pooled mean inpatient ward CLABSI rate, 2009 1.14 per 1,000 central line-days National Healthcare Safety Network, 2009

Hemodialysis health-care utilization data

No. of prevalent maintenance hemodialysis end-stage 
renal disease patients on June 30, 2008

348,253 (equivalent to 127,112,345 
patient-days)

Midpoint of U.S. Renal Data System estimates 
for December 31, 2007, and December 31, 2008

Proportion of hemodialysis patients dialyzed using a 
catheter, 2008

0.262 Midpoint of values from Fistula First Breakthrough 
Initiative for January–December 2006 and 
January–October 2010

Hemodialysis CLABSI rate data

Pooled mean access-related bloodstream infection rate in 
hemodialysis patients with a central line, 2008

3.20 per 100 patient-months 
(equivalent to 1.05 per 1,000 central 
line-days)

National Healthcare Safety Network, 2007–2008
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Conclusions and Comment
In 2009, an estimated 25,000 fewer CLABSIs occurred among 

patients in ICUs in the United States than in 2001 (a 58% 
reduction). The cumulative number of CLABSIs prevented 
since 2001 is substantially higher because reductions have 
been occurring annually for the past decade (14). Given the 
reported mortality from CLABSIs, these reductions represent 
an estimated 3,000–6,000 lives saved and estimated excess 
health-care costs of $414 million (15) in ICUs in 2009 alone. 
Assuming that each CLABSI carries excess health-care costs 
of $16,550 and mortality of up to 25%, and that CLABSI 
reductions were steady during 2001–2009, the cumulative 
excess health-care costs of all CLABSIs prevented in ICUs could 
approach $1.8 billion, and the number of lives saved could be 
as high as 27,000. The majority of CLABSIs are now occurring 
outside of ICUs, many outside of hospitals altogether, especially 
in outpatient dialysis clinics. The data in this report indicate 
that CLABSIs attributed to S. aureus have decreased more than 
other pathogens. Reductions in CLABSIs in ICUs likely reflect 
the impact of a coordinated effort by state and federal agencies, 
professional societies, and health-care personnel to implement 
proven best practices for the insertion of central lines. Toward 
advancing this success further, CDC guidelines for CLABSI 
prevention (2) have been incorporated in regional, state, and 
national efforts to reduce CLABSIs, such as the Agency for 
Healthcare Research and Quality (AHRQ)–supported On the 
CUSP: Stop BSI campaign, which seeks to enroll facilities in 
every state† in CLABSI prevention efforts. 

Because efforts to improve central line insertion might have 
limited impact in non-ICU settings, in which central lines are 
less frequently inserted, additional prevention strategies must 
be developed. For example, S. aureus more commonly inhabits 
the skin and thus might be a more common cause of insertion-
related infections; therefore, the smaller reduction among other 
pathogens suggests a need for improved implementation of 
post-insertion line-maintenance practices and strategies to 

ensure prompt removal of unneeded central lines. In addi-
tion, reductions in S. aureus CLABSIs likely were enhanced 
by widespread efforts to interrupt transmission of methicillin-
resistant S. aureus. Implementation of CDC-recommendations 
to maintain central lines, remove them promptly when they 
are no longer needed, and interrupt transmission of resistant 
bacteria (16,17) will reduce CLABSIs further. Focusing on 
antibiotic-resistant pathogens can be especially important given 
the increased risk for mortality associated with these pathogens 
(18). Slower declines in non–S. aureus CLABSIs also suggest 
the need to research methods for preventing infections that 
meet the surveillance definition for a CLABSI but clinically 
might be related to another cause (e.g., infections caused by 
translocation of bacteria from the intestine). The variation in 
reductions among different organisms underscores the impor-
tance of collecting pathogen and susceptibility information as 
part of CLABSI surveillance. Microbiologic information will 
be critical in helping direct future CLABSI prevention efforts 
at pathogens that have been reduced less markedly. 

The substantial number of estimated CLABSIs among hemo-
dialysis patients emphasizes another important prevention 
priority because these infections are a major cause of hospital 
admissions and mortality (11). A primary prevention mea-
sure is the avoidance of central lines in favor of arteriovenous 
fistulas or, in some instances, arteriovenous grafts. Currently, 
approximately 80% of ESRD patients in the United States 
initiate hemodialysis with a central line (11), a proportion 
that exceeded that of eight of 10 other developed countries 
and was nearly threefold higher than in Germany (23%) and 
Japan (29%) (19). Interventions to improve arteriovenous 
fistula placement, including increased access to pre-ESRD 
nephrology care, are needed to reduce catheter reliance (11,20). 
When catheters must be used, recommended interventions 
to improve central-line maintenance can reduce CLABSIs in 
hemodialysis patients and should be consistently implemented 
(21). Novel prevention strategies, such as measures to reduce 
central-line colonization in hemodialysis patients, also have 
shown promise and should be explored (22). 

The findings in this report are subject to at least six limitations. 
First, estimates were calculated rather than measured directly and 
limitations in discharge datasets on the details of the types of 
ICUs and wards in which patient days occurred meant that the 
overall pooled means for all ICUs and all wards was applied to 
the aggregate number of patient days in each area. To account 
for some uncertainty in these estimates, CDC performed a sen-
sitivity analysis. Second, substantial differences between facilities 
reporting and not reporting data to CDC might have affected the 
accuracy of these estimates. Third, difficulty exists in comparing 
these estimates with estimates that were not limited to CLABSIs 
(23) and might have used the pre-2008 definition. Fourth, for † Additional information available at http://www.safercare.net/otcsbsi/home.html.

TABLE 2. Estimated annual number of central line–associated blood 
stream infections (CLABSIs), by health-care setting and year — United 
States, 2001, 2008, and 2009

Health-care setting Year

No. of infections (upper 
and lower bound of 
sensitivity analysis)

Intensive-care units 2001 43,000 (27,000–67,000)

2009 18,000 (12,000–28,000)

Inpatient wards 2009 23,000 (15,000–37,000)

Outpatient hemodialysis* 2008 37,000 (23,000–57,000)

* Case definitions approximate current definition of CLABSI according to the 
National Healthcare Safety Network.

http://www.safercare.net/otcsbsi/home.html
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hemodialysis-related CLABSI estimates, uncertainty is intro-
duced because facilities report monthly (not daily) central-line 
utilization, they use a less specific bloodstream infection defini-
tion (compared with the NHSN inpatient definition), and <5% 
currently report data to NHSN. Fifth, the information provided 
to NNIS and NHSN is subject to reporting biases, although 
this is mitigated somewhat by the use of standard and common 
surveillance definitions and methodologies in both NNIS and 
NHSN. Finally, data are not available on CLABSIs that occur 
after patients have been discharged or among non-hemodialysis 
outpatients with central venous catheters. Hence, the CLABSI 
data described in this report do not include all patients affected 
by CLABSIs each year. 

The successes of the Pittsburgh Regional Healthcare 
Initiative and Michigan Keystone Project demonstrate the 
impact of regional and state-based CLABSI prevention pro-
grams. State health departments are now building on these 
successes and working with state hospital associations and 
quality-improvement organizations to expand their roles in 
HAI prevention. As part of CLABSI prevention efforts, 22 
states now require that inpatient facilities report CLABSI rates 
to NHSN, and one state (Colorado) also requires reporting 
from hemodialysis facilities. As of 2010, all 50 state health 
departments and the District of Columbia had developed 
state HAI prevention plans, based on the U.S. Department 
of Health and Human Services (HHS) National Action Plan 
to Reduce Healthcare-Associated Infections (5).

Federal agencies are working together to support state-
based and facility level HAI prevention campaigns. AHRQ is 
expanding the highly successful CUSP CLABSI prevention 
campaigns into more health-care facilities and outside of 
ICUs, and expanding this same methodology to other HAIs. 
The Centers for Medicare & Medicaid Services (CMS) also is 
working with CDC to improve the monitoring and preven-
tion of HAIs in all health-care settings. CDC will continue to 
serve as a national resource for technical expertise on HAIs, 
working on efforts to implement and expand prevention and 
to investigate new prevention and surveillance approaches. 
The growing involvement of state health departments in 
HAI prevention efforts will build on existing public health 
infrastructure and expertise. In 2009, through the American 
Recovery and Reinvestment Act, CDC provided $40 million 
to state health departments to promote HAI prevention. States 
are using these funds to establish and enhance HAI expertise; 
complement HAI prevention efforts of health-care facilities, 
hospital associations, and quality-improvement organizations; 
engage new partners in HAI prevention; improve the extent 
and accuracy of HAI reporting to NHSN; and implement 
specific prevention activities.§

Progress in reducing CLABSIs highlights the preventability 
of these infections and helps establish a prevention framework 
that can be applied to other HAIs and other hospital-acquired 
conditions. CDC, AHRQ, CMS, and HHS will continue to 
support HAI prevention in collaboration with state-based and 
facility partners. Success in this endeavor will require contin-
ued support for the implementation of current prevention 
best practices, the development of new prevention strategies 
(24), and an ongoing commitment to monitor progress in this 
endeavor. Further investments, especially in state health depart-
ments, will accelerate progress towards HAI elimination.
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of Healthcare Quality Promotion, National Center for Emerging 
and Zoonotic Infectious Diseases, CDC.
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