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Abstract
Background and objectives Persons receiving outpatient hemodialysis are at risk for bloodstream and vascular
access infections. The Centers for Disease Control and Prevention conducts surveillance for these infections
through the National Healthcare Safety Network. We summarize 2014 data submitted to National Healthcare
Safety Network Dialysis Event Surveillance.
Design, setting, participants, & measurements Dialysis facilities report three types of dialysis events (bloodstream
infections; intravenous antimicrobial starts; and pus, redness, or increased swelling at the hemodialysis vascular
access site). Denominator data consist of the number of hemodialysis outpatients treated at the facility during
the ﬁrst 2 working days of each month. We calculated dialysis event rates stratiﬁed by vascular access type (e.g.,
arteriovenous ﬁstula, arteriovenous graft, or central venous catheter) and standardized infection ratios
(comparing individual facility observed with predicted numbers of infections) for bloodstream infections. We
described pathogens identiﬁed among bloodstream infections.
Results A total of 6005 outpatient hemodialysis facilities reported dialysis event data for 2014 to the National
Healthcare Safety Network. These facilities reported 160,971 dialysis events, including 29,516 bloodstream
infections, 149,722 intravenous antimicrobial starts, and 38,310 pus, redness, or increased swelling at the
hemodialysis vascular access site events; 22,576 (76.5%) bloodstream infections were considered vascular access
related. Most bloodstream infections (63.0%) and access-related bloodstream infections (69.8%) occurred in
patients with a central venous catheter. The rate of bloodstream infections per 100 patient-months was 0.64 (0.26 for
arteriovenous ﬁstula, 0.39 for arteriovenous graft, and 2.16 for central venous catheter). Other dialysis event rates
were also highest among patients with a central venous catheter. Facility bloodstream infection standardized
infection ratio distribution was positively skewed with a median of 0.84. Staphylococcus aureus was the most
commonly isolated bloodstream infection pathogen (30.6%), and 39.5% of S. aureus isolates tested were resistant to
methicillin.
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Conclusions The 2014 National Healthcare Safety Network Dialysis Event data represent nearly all United States
outpatient dialysis facilities. Rates of infection and other dialysis events were highest among patients with a central
venous catheter compared with other vascular access types. Surveillance data can help deﬁne the epidemiology of
important infections in this patient population.
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Introduction
More than 420,000 patients receive hemodialysis at
over 6400 outpatient dialysis centers in the United
States (1). Patients on hemodialysis are at high risk for
infection because of their impaired immune defenses
and repeated access of the bloodstream through
vascular access sites (2–4). Common hemodialysis
vascular access types in order of increasing infection
risk are arteriovenous ﬁstulas (AVFs), arteriovenous
grafts (AVGs), and central venous catheters (CVCs)
(3,5–7). Infections in patients on hemodialysis increase
mortality, hospitalization, health care costs, and need
for antimicrobials (1,6,8). Frequent administration of
antibiotics to patients on hemodialysis contributes to
antimicrobial resistance and multidrug-resistant
www.cjasn.org Vol 12 July, 2017

organisms (MDROs) (9,10). Tracking of infections
and other adverse events among patients on hemodialysis is useful to facilitate quality improvement and
monitoring of the effectiveness of infection prevention
measures (11–13).
The Centers for Disease Control and Prevention
(CDC) has conducted surveillance for bloodstream
infections (BSIs) and related events among patients on
hemodialysis since 1999 (14), most recently through
the National Healthcare Safety Network (NHSN) (6).
Data reported to the NHSN have been used by the
Centers for Medicare and Medicaid Services (CMS) as
part of the ESRD Quality Incentive Program (QIP)
since 2012. In 2014, clinic-speciﬁc BSI standardized
infection ratios (SIRs) on the basis of NHSN data were
Copyright © 2017 by the American Society of Nephrology
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used by the CMS to assess dialysis facility performance. In
this report, we summarize 2014 data submitted to NHSN
Dialysis Event Surveillance.

Materials and Methods
NHSN Dialysis Event Surveillance
The NHSN is an internet-based surveillance system that
enables facilities to report health care–associated infection
data to the CDC (15). Vascular access infections in patients
on dialysis and related events are reported to the NHSN’s
Dialysis Event Surveillance. Outpatient hemodialysis facilities participating in the surveillance are instructed to
follow a standard protocol (16) by which all outpatients
who receive hemodialysis at the facility are monitored for
three NHSN-deﬁned dialysis events (see below). Facilities
also report a point prevalence of their patient population to
estimate the number of patient-months at risk. Completion
of an Outpatient Dialysis Center Practices Survey is required annually.
The three types of dialysis events (positive blood culture;
intravenous antimicrobial start [ABX]; and pus, redness, or
increased swelling [PRS] at the vascular access site) are
reported using a standard data collection form (17). All
types of vascular access that the patient has present at the
time of the event or combination of events are reported.
Facilities also report patient demographic data, associated
clinical symptoms (e.g., fever, chills, and drop in BP), and
select event-related outcomes (i.e., hospitalization and
death). For each dialysis event type, facilities must either
(1) have reported one or more events of that type during a
given month or (2) conﬁrm that no events of that type
occurred during the month.
Definitions of NHSN Dialysis Events
A positive blood culture is reportable if the blood
specimen was collected in the outpatient setting or within
1 calendar day after a hospital admission (i.e., on the day of
or the day after admission to the hospital). There must be 21
or more days between positive blood cultures for both to be
reported as separate events. For each positive blood
culture, the suspected source is indicated as (1) vascular
access, (2) another site, (3) contamination, or (4) uncertain.
All reportable positive blood cultures are deﬁned as BSIs,
regardless of suspected source. For each BSI, up to three
pathogens isolated from blood may be reported along with
antimicrobial susceptibilities of each pathogen. Susceptibility to antibiotics is reported as susceptible, intermediate,
resistant, or not tested (18).
An intravenous ABX is any outpatient initiation of
intravenous antibiotics or antifungal drugs in a patient
who has not received antimicrobials in the previous 21
days. Vancomycin starts are a subset of intravenous ABXs.
Intravenous ABXs can be continuations of inpatient antimicrobial treatment. Facilities also report when the patient
has one or more symptoms of PRS at a vascular access site.
There must be 21 or more days between the onset of one
episode and the onset of a second episode for both to be
reported as separate events.
From the three main dialysis event types reported, other
measures are also deﬁned: (1) access-related bloodstream
infection (ARBSI) is a BSI with the suspected source

reported as the vascular access or uncertain, (2) local access
site infection is PRS of the vascular access site when an
ARBSI is not present, and (3) vascular access infection is
either a local access site infection or an ARBSI.
Denominator Reporting
Each month using a standard form, participating facilities report the number of outpatients who received
hemodialysis during the ﬁrst 2 working days of the month
stratiﬁed by the patient vascular access type (19). If the
patient has multiple vascular accesses, only his/her vascular access type with the highest risk of infection is
counted using the following risk scale: nontunneled CVC .
tunneled CVC . other vascular access devices (e.g.,
catheter-graft hybrid) . AVG . AVF.
Outpatient Dialysis Center Practices Survey
Each dialysis facility participating in the NHSN completes an annual Practices Survey in NHSN that includes
data on facility characteristics and practices (20).
Data Analyses
We summarized self-reported characteristics of participating dialysis facilities using data from the Practices
Survey for 2014. The national pooled mean rate of each
dialysis event type was calculated combining data from all
reporting facilities. For each event type, the numerator was
the total count of events, and the denominator was the total
number of patient-months reported. Rates were expressed
as events per 100 patient-months. Pooled mean rates were
also calculated for each vascular access stratum in a similar
manner; for this calculation, if a patient had more than one
access type, the event was attributed to the highest risk
access type using the risk scale mentioned above. Data
cleaning resulted in the exclusion of a small number of
events (0.1% of events reported) and recoding of the
vascular access type for some events. For example, duplicate events that should have been prevented by business
rules in the NHSN application were removed. Monthly
denominators that had a corresponding unconﬁrmed zero
numerator were excluded. In addition to pooled mean
rates, the 10th, 25th, 50th, 75th, and 90th percentiles were
calculated using the distribution of rates from all individual
facilities. To evaluate the relationship between infection
events and antibiotic use, the correlation between the rate
of either BSI or PRS and the rate of ABX was calculated
using a Pearson correlation coefﬁcient.
An SIR was calculated for BSI. BSI SIR is a ratio of the
number of BSIs that were observed at a facility to the
number of BSIs predicted for that facility on the basis of
national aggregate data across several vascular access type
strata (21). For 2014, the number of predicted BSIs was
calculated by multiplying the 2014 national aggregate BSI
pooled mean rates stratiﬁed by vascular access type by the
facility’s number of patient-months for each vascular access
category and then summing these products. For rate and
SIR calculation, tunneled and nontunneled CVCs were
combined into one stratum, making four access type strata:
AVF, AVG, other vascular access devices, and CVC.
We included all pathogens reported for each BSI,
calculated the frequency of each, and reported the most
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common pathogens isolated by event type (BSI or ARBSI).
Because up to three pathogens can be reported per BSI, the
total number of pathogens was greater than the number
of BSIs. We also summarized the frequency of select
antimicrobial-resistant pathogens using standard NHSN deﬁnitions of resistance patterns (18). These were methicillinresistant Staphylococcus aureus (MRSA), vancomycin-resistant
Enterococcus spp., Escherichia coli resistant to third generation
cephalosporins, Klebsiella spp. resistant to cephalosporins,
and Enterobacter spp. resistant to carbapenems. Percentage
antimicrobial resistance was calculated among pathogens
with available susceptibility results only (i.e., excluded
isolates not tested for susceptibility).
Data were analyzed using SAS 9.3 (SAS Institute, Cary,
NC) and OpenEpi (22).

Results
Characteristics of Participating Hemodialysis Facilities
For 2014, 6005 outpatient hemodialysis facilities reported
at least 1 month of dialysis event data to the NHSN; 5682
(95%) facilities reported 12 months of data. The majority of
participating facilities were freestanding (90%) and belonged to for-proﬁt organizations (86%); 90% were part of a
dialysis chain (Table 1). The median number of patients
treated at the facilities was 59 (interquartile range, 34–90).
Dialysis Events, Outcomes, and Rates
A total of 160,971 dialysis events were reported to the
NHSN for 2014, including 29,516 (18.3%) BSIs, 149,722
(93.0%) ABX, and 38,310 (23.8%) PRS (Table 2). Of patients
who had events in 2014, most patients (75.5%) had only one
event, 12.5% of patients had two or more BSIs, and ,1%
had four or more events. Among BSIs, 22,576 (76.5%) were

Table 1. Characteristics of facilities reporting to Dialysis Event
Surveillance, National Healthcare Safety Network, 2014

Characteristics

N

No. of facilities reporting
Ownership, n (%)
Proﬁt
Nonproﬁt
Government
Part of a dialysis chain, n (%)
Location, n (%)
Freestanding clinic
Hospital-based clinic
Freestanding clinic
owned by hospital
No. of stations,
median (IQR)
No. of patients treated,
median (IQR)
No. of facilities reporting
all 12 mo, n (%)
No of facilities reporting
6 mo or less, n (%)

6005

IQR, interquartile range.

5142 (86)
813 (14)
50 (1)
5392 (90)
5429 (90)
356 (6)
220 (4)
17 (12–23)
59 (34–90)
5682 (95)
124 (2)
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ARBSIs; 63.0% of BSIs and 69.8% of ARBSIs occurred in
patients with a CVC. Among local access site infections,
61.2% were in patients with CVC and 26.6% in patients
with AVF (Supplemental Table 1). Of 29,516 BSI events,
45.9% occurred in patients who were noted to have fever,
34.4% occurred in patients with chills, and 3.5% occurred
with drop in BP. Among ABX, 113,284 (75.7%) involved
vancomycin use. The 55,615 vascular access infections
included 33,039 (59.4%) local access site infections and
22,576 (40.6%) ARBSIs. A total of 4,579,021 patient-months
were reported by facilities. The patient-month distribution
by vascular access type was 62.8% AVF, 18.8% CVC, 11.8%
AVG, and 6.6% other vascular access devices.
Pooled rates of dialysis events and their percentiles are
presented in Table 2 and Supplemental Table 1. Across
event types, pooled rates were highest for CVC followed by
other access device, and AVG, and they were lowest for
AVF. The BSI rate ratio between CVC and AVF BSI rates
was 8.2 (95% conﬁdence interval, 8.0 to 8.4). A positive
correlation (Pearson correlation coefﬁcient =0.58; P,0.001)
was found between the rate of infections that were either
BSI or PRS and the rate of ABX.
Hospitalization was an outcome for 35,286 (21.9%) of all
dialysis events, including 17,392 (49.3%) among CVC
events, 12,556 (35.6%) among AVF events, 5199 (14.7%)
among AVG events, and 144 (0.4%) among other vascular
access events. Hospitalizations occurred for 48.0% of BSIs,
46.1% of ARBSIs, 25.1% of vascular access infections, and
10.8% of local access site infections. Death occurred in 1352
(0.8%) of all dialysis events; 2.0% of BSIs and 1.6% of
ARBSIs resulted in deaths.
Facility BSI SIR
The national aggregate pooled mean BSI rate per 100
patient-months was 0.26 for AVF, 0.39 for AVG, 0.51 for
other vascular access device, and 2.16 for CVC (Table 2).
Using these national rates to determine the predicted
number of infections for each facility, the BSI SIR for
each facility was calculated (Figure 1). A total of 779
facilities (13%) had an SIR of zero (i.e., no BSI was reported
for 2014). The median denominator for this subset of
facilities was 279 patient-months (range =1–2611). This BSI
SIR analysis included facilities that reported ,12 months.
Thus, Figure 1 does not equal the SIR distribution of data
used in the ESRD QIP.
Micro-Organisms Isolated from Blood
Among 29,516 BSIs, 32,016 isolates were reported; 24,574
isolates were reported for ARBSIs (Table 3). A total of 1383
(4.3%) BSI isolates were suspected to be contaminants. The
most common BSI and ARBSI organisms were S. aureus
followed by Staphylococcus epidermidis and other coagulasenegative Staphylococci (Table 3). Gram-negative organisms,
such as E. coli, Enterobacter cloacae, Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Serratia marcescens, collectively accounted for 12.5% and 12.1% of BSI and ARBSI
isolates, respectively. Other pathogens that might point
to a water source of infection (i.e., Proteus mirabilis,
Stenotrophomonas maltophilia, Bukholderia cepacia, Ralstonia
picketti, and Candida parapsilosis) collectively accounted for
2.4% of BSIs.
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Table 2. Pooled means and percentiles of the distribution of rates of key dialysis events by type of vascular access (Dialysis Event
Surveillance, National Healthcare Safety Network, 2014)

Percentile
Type and Access
All bloodstream infection
Fistula
Graft
Other
CVC
Access-related bloodstream
infection
Fistula
Graft
Other
CVC
Intravenous antimicrobial
start
Fistula
Graft
Other
CVC

Events

Denominator

Pooled Mean
10th

25th

50th

75th

90th

29,516
7587
3262
76
18,591

4,578,827
2,876,871
827,821
15,016
859,119

0.64
0.26
0.39
0.51
2.16

0
0
0
0
0

0.25
0
0
0
0.53

0.53
0.15
0
0
1.68

0.91
0.39
0.55
0
3.23

1.42
0.72
1.33
0
5.26

22,576
4518
2256
49
15,753

4,578,827
2,876,871
827,821
15,016
859,119

0.49
0.16
0.27
0.33
1.83

0
0
0
0
0

0.16
0
0
0
0

0.39
0
0
0
1.33

0.7
0.24
0.23
0
2.78

1.13
0.47
0.98
0
4.71

149,722
59,532
21,770
433
67,993

4,578,792
2,876,851
827,809
15,016
859,116

3.27
2.07
2.63
2.88
7.91

1.08
0.3
0
0
2.26

1.91
0.89
0.53
0
4.55

2.97
1.72
2.05
0
7.48

4.25
2.78
3.8
0
11.25

5.88
4.08
6.11
9.09
15.63

CVC combines tunneled CVC and nontunneled CVC. Pooled mean rate = (total number of events/total number of patient-months) 3100.
Percentiles are on the basis of the distribution of individual facility rates per 100 patient-months All rates are reported per 100 patientmonths. CVC, central venous catheter.

Among pathogens with susceptibility testing, 39.5% of
S. aureus were methicillin resistant, and 59.3% of those
resistant S. aureus were from patients with CVC. Other
important drug-resistant pathogens included E. coli resistant to cephalosporins (17.8%), Klebsiella spp. resistant
to cephalosporins (14.6%), Enterococcus resistant to vancomycin (11.4%), and Enterobacter spp. resistant to carbapenems (4.8%). However, antimicrobial susceptibility results
were not available for all identiﬁed pathogens. For example, testing results to determine methicillin susceptibility
were unavailable for 17.8% of S. aureus isolates (Table 4).

Discussion
This report summarizes BSIs and other dialysis event
data submitted to the NHSN by the vast majority of
dialysis facilities nationwide (1). Similar to other studies
(3,5) and previous NHSN reports (6,7,23), our ﬁndings
show that rates of BSIs and other related events in 2014
were higher in patients on hemodialysis who had a CVC
compared with other vascular access types. The proportion
of patients who were hospitalized as a result of an event
was also higher among patients with a CVC compared with
patients with an AVF or an AVG. Catheters are a portal of
entry for infection and might be used in patients with
higher acuity of illness. In the NHSN, 63% of BSIs and 69%
of ARBSIs occurred among patients with a CVC, whereas
CVCs represented only 19% of all patient-months reported.
Given the high rate of infections among patients with a
CVC, continued efforts to limit CVC use are needed.
The overall and CVC-speciﬁc rates of BSI and ARBSI in
this report were lower than the corresponding rates from

previous CDC surveillance reports, despite the use of
similar protocols and deﬁnitions (6,7,23). For example,
pooled mean BSI and ARBSI rates per 100 CVC patientmonths were 2.16 and 1.83, respectively, in 2014 compared
with 3.21 and 2.52, respectively, in 2007–2011 and 4.2 and
3.1, respectively, in 2006 (6,23). The total number of
estimated central line–associated BSIs (or ARBSIs in patients with a CVC) reported for 2014 (15,753) is also
substantially less than the central line–associated BSI
estimate of 37,000 (estimated range of 23,000–57,000)
generated from 2008 NHSN data (24). Potential reasons
for the differences in rates and burden estimates include (1)
successes in widespread BSI prevention efforts conducted
by dialysis provider organizations, ESRD Networks, and
others (25,26); (2) potential under-reporting of BSIs (shown
in several studies) (27–29); and (3) pre-2014 surveillance
data derived from a smaller number of potentially nonrepresentative dialysis facilities.
Similar to previous NHSN reports (6,7,23), S. aureus was
the most common pathogen identiﬁed among BSIs.
S. epidermidis and other coagulase-negative Staphylococci
were also common but at lower proportions. Among
S. aureus isolates, 40% were MRSA, which continues to be a
major problem, although the rate of invasive MRSA
infections in patients on dialysis has been declining (30).
Other MDROs were also reported, highlighting the need for
monitoring these organisms to prevent and control the
spread of resistance (31).
In this report, intravenous ABXs were common and
accounted for the vast majority of dialysis events. High
frequency of antibiotic use in patients on hemodialysis has
been documented previously (10,32). Rates of intravenous
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Figure 1. | Distribution of bloodstream infection standardized infection ratios among facilities reporting to Dialysis Event Surveillance,
National Healthcare Safety Network, 2014 (n=6005).

ABXs were remarkably similar between this report and
earlier studies (23). If infection prevention efforts have
resulted in lowered BSI rates, then these efforts do not seem
to have produced a concomitant decrease in antimicrobial
use. Separate initiatives may be needed to improve antimicrobial prescribing patterns for patients on dialysis.
Vancomycin is widely used in dialysis facilities (76% of
intravenous antimicrobial initiations in this report), and
anecdotal evidence suggests that some facilities might not
have a standard policy to obtain blood cultures before
intravenous antibiotic use. This could lead to underdetection of BSIs and overuse of antibiotics and could contribute
to the acquisition of MDRO colonization or infection
among patients on dialysis. We examined a combined
infection rate (i.e., rate of BSI or PRS) together with
intravenous ABX rates to assess whether reported antimicrobial use was largely explained by reported infections
and found that these rates were positively correlated.
However, the correlation was moderate (coefﬁcient of
0.58). This might represent variations in antibiotic prescribing, blood culturing practices, or reporting of dialysis events, all of which can be potential areas for
improvement (33,34).
The 2014 BSI SIR distribution was skewed; 13% of
facilities had an SIR of zero, whereas some facilities
had a very high SIR. The median SIR was 0.84, suggesting
that the majority of facilities had a lower BSI than the
national average. Differences in infection rates and SIRs

may reﬂect the intrinsic risks of the patient population or
use of infection control measures at participating facilities.
Under-reporting may also be a contributing factor (27–29).
The CDC recommends routine use of NHSN surveillance
data to target areas for infection prevention, and successful
use of data for BSI prevention has been reported
(25,26,35,36). The surveillance system allows hemodialysis
facilities to enter infection data, calculate rates, visualize
the rates of important events over time, and compare with
their own rates from previous time periods or benchmark
against national rates. There are several reports and
analytic features in the NHSN to help users identify key
areas for intervention and track whether the interventions
work. Because almost all outpatient hemodialysis facilities
report to the NHSN, the effect of infection prevention
initiatives at various levels (individual facilities and regional or national levels) can be measured through the
system.
Despite the near-universal scope of reporting to the
NHSN, there are limitations to this surveillance. Almost all
(95%) facilities reported data for 12 months of 2014, but
data quality remains a foremost concern. Infection surveillance through the NHSN is relatively new for most outpatient hemodialysis facilities. It may take additional time
for facility staff to fully understand the protocol. Underreporting of BSI events has been identiﬁed through different data validation efforts (27,28,37). A key issue leading to
under-reporting of BSI data is that reportable positive
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Table 3. Most frequently reported micro-organisms isolated from blood cultures (Dialysis Event Surveillance, National Healthcare
Safety Network, 2014)

Frequency, N (%)
Pathogen
All BSI, n=32,016

ARBSI, n=24,574

9788 (30.6)
4690 (14.6)
3212 (10.0)
1535 (4.8)
1193 (3.7)
891 (2.8)
880 (2.7)
689 (2.2)
638 (2.0)
421 (1.3)

7817 (31.8)
3837 (15.6)
2389 (9.7)
1194 (4.9)
720 (2.9)
782 (3.2)
640 (2.6)
509 (2.1)
486 (2.0)
351 (1.4)

Ten most common pathogens
Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus coagulase negative
Enterococcus faecalis
Escherichia coli
Enterobacter cloacae
Klebsiella pneumoniae
Gram-positive cocci unspeciﬁed
Pseudomonas aeruginosa
Serratia marcescens
Other pathogens
Proteus mirabilis
Acinetobacter baumannii
Stenotrophomonas maltophilia
Enterococcus faecium
Candida parapsilosis
Bukholderia cepacia
Ralstonia picketti

354 (1.1)
289 (0.9)
288 (0.9)
219 (0.7)
58 (0.2)
54 (0.2)
12 (,0.1)

244 (1.0)
244 (1.0)
257 (1.0)
159 (0.6)
52 (0.2)
40 (0.2)
11 (,0.1)

BSI, bloodstream infection; ARBSI, access-related bloodstream infection.

blood cultures obtained on hospitalization are often not
communicated back to dialysis facilities (28). Therefore,
some facilities that reported no BSI may actually have
positive blood cultures unknown to them. This emphasizes
the need to strengthen communication between dialysis
facilities and hospitals. Moreover, it has been suggested
that public reporting programs could discourage accurate
reporting of health care–associated infection data (38).
Efforts by ESRD Networks and the CDC are underway to
increase communication between hospitals and dialysis
facilities, perform data checks, and improve data quality
and completeness. The CDC also provides multiple training courses on the NHSN to dialysis staff to improve

surveillance practices and adherence to the reporting
protocol. Some susceptibility testing and reporting remains
suboptimal; this limits the ability to accurately determine
the proportion of infections caused by antimicrobialresistant organisms. For example, the gap in S. aureus
susceptibility testing likely represents a reporting error
and is an opportunity for improvement.
In conclusion, this report presents NHSN surveillance
system data for 2014, the ﬁrst year of data used by the
CMS to assess facility performance on the QIP BSI
measure. Although a minority of patients seemed to
have dialyzed with a CVC, the infection rates and burden
were higher among this group than patients with other

Table 4. Antimicrobial resistance among blood culture organisms reported to Dialysis Event Surveillance, National Healthcare Safety
Network, 2014

Pathogen
Methicillin-resistant Staphylococcus aureus
(among all S. aureus)
Vancomycin-resistant Enterococcus spp.
(among all Enterococcus spp.)
Escherichia coli resistant to third generation
cephalosporins (among all E. coli)
Klebsiella spp. resistant to cephalosporins
(among all Klebsiella spp.)
Enterobacter spp. resistant to carbapenems
(among all Enterobacter spp.)
a

Total No.
of Isolates

No. (%) of Isolates
Tested and Reporteda

No. (%) Resistant
among Tested Isolates

9788

8050 (82.2)

3183 (39.5)

1754

1670 (95.2)

190 (11.4)

1193

1057 (88.6)

188 (17.8)

1105

1004 (90.9)

147 (14.6)

3533

3027 (85.7)

144 (4.8)

Data to determine resistance were not available for all isolates.
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vascular access types. Although important opportunities
exist for data quality improvement, we believe that the
data are nationally representative. Local and regional
efforts to reduce infections among this vulnerable patient
population should incorporate this established system of
measurement.
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Pooled
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Access
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Denominator

mean (per
100 patient-

10th

25th

50th

75th

90th

months)
Intravenous

113,284

4,578,792

2.47

0.77

1.41 2.25 3.29

4.55

Fistula

43,093

2,876,851

1.5

0

0.62 1.26 2.05

3.06

Graft

15,984

827,809

1.93

0

0

Other

322

15,016

2.14

0

0

CVC

53,888

859,116

6.27

1.41

3.38 5.88 9.09

12.68

33,039

4,578,824

0.72

0

0.22 0.56 1.05

1.65

Fistula

8,776

2,876,870

0.31

0

0

Graft

3,959

827,821

0.48

0

0

0

0.7

1.64

Other

84

15,016

0.56

0

0

0

0

0

vancomycin start

Local access site
infection

1.44 2.91
0

0

0.16 0.43

4.76
5.88

0.79
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Percentile
Pooled
Type

Access

Events

Denominator

mean (per
100 patient-

10th

25th

50th

75th

90th

0.27 1.72

3.7

6.45

0.57 1.05 1.69

2.47

months)
CVC

20,222

859,117

2.35

0

55,615

4,578,824

1.21

0.24

Fistula

13,294

2,876,870

0.46

0

0

Graft

6,215

827,821

0.75

0

0

0

1.18

2.3

Other

133

15,016

0.89

0

0

0

0

0

CVC

35,975

859,117

4.19

0

Vascular access
infection

0.32 0.65

1.69 3.62 6.33

1.12

9.72

Note: CVC: central line venous catheter, which combines tunneled CVC and nontunneled CVC
Pooled mean rate = (total number of events/total number of patient-months) × 100
Percentiles are based on the distribution of individual facility rates per 100 patient-months
All rates reported per 100 patient-months
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