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Abstract
Background—The Centers for Medicare & Medicaid Services (CMS) established a national
goal of 66% arterio-venous fistula (AVF) use among prevalent hemodialysis (HD) patients for the
current Fistula First Breakthrough Initiative (FFBI). The feasibility of achieving the goal has been
debated. We examined contemporary patterns of AVF use among prevalent patients to assess the
potential for attaining the goal by dialysis facilities and their associated end-stage renal disease
(ESRD) Networks in the United States (US).

Study Design—Observational study.

Setting and Participants—US dialysis facilities with a mean HD patient census of 10 or more
over the 40 month study period, January 2007 to April 2010.

Outcomes and Measurements—Mean changes in facility-level AVF use and the percent of
facilities achieving the 66% prevalent AVF goal within the US and each Network.

Results—US mean prevalent AVF use within dialysis facilities increased from 45.3% to 55.5%
(P < 0.001) in the US but varied substantially across regions. The percent of facilities achieving
the 66% AVF use goal increased from 6.4% to 19.0% (P < 0. 001). Over the 40 months, 35.9% of
facilities achieved the CMS goal at least one month. On average, these facilities sustained mean
(SD) use of 66% or greater for 12.9 (11.7) months. Casemix and other facility characteristics
explained 20% of the variation in the proportion of facility patients using an AVF in the last
measured month, leaving substantial unexplained variability.

Limitations—This analysis is limited by the absence of facilities’ case-mix data over time and
the national scope of the initiative precludes use of a comparison group.
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Conclusions—Achieving the CMS goal of 66% prevalent AVF use is feasible for individual
dialysis facilities. There is a need to reduce regional variation before the CMS goal can be fully
realized for US hemodialysis facilities.

INDEX WORDS
Arterio-venous fistula; end-stage renal disease; hemodialysis

An arterio-venous fistula (AVF) is the preferred vascular access for hemodialysis (HD). The
National Kidney Foundation's Kidney Disease Outcomes Quality Initiative (KDOQI)
clinical practice guidelines for vascular access recommend pre-dialysis creation and use of
an AVF at the onset of renal replacement therapy.1 The Fistula First Breakthrough Initiative
(FFBI) was developed by the Centers for Medicare & Medicaid Services (CMS) to collect,
analyze and disseminate information to improve AVF use in the United States (US),2
similar to registry-based programs in Asia, Europe and South America.3-5 After attaining
the initial FFBI goal of 40% prevalent AVF use,6 CMS established a new national quality
goal of 66% AVF use among prevalent patients by June of 2009. The rationale for this new
target was the observation that AVF use among HD patients in Europe and Asia varied
between 60% and 90%.7

The international comparisons used to select the 2009 US prevalent AVF goal show
substantial variability and it is not clear that these Asian and European end-stage renal
disease (ESRD) populations are appropriate comparators for the US dialysis population.
Further, AVF performance in the US is measured for the entire ESRD population, whereas
international estimates are often based on treatment facility samples which may not fully
capture care in the ESRD population. These considerations have led to questions about the
appropriateness of the CMS goal for prevalent AVF use in the US HD population. This
report examines the current level of achievement in reaching the FFBI goal using recent
population-based data collected during the FFBI.

METHODS
Study setting

The 18 regional ESRD Networks comprise a surveillance system that collects, analyzes, and
disseminates information about the patterns and outcomes of ESRD care in the US. The
Networks are responsible for conducting the FFBI and, in collaboration with dialysis
facilities, nephrologists and other health professionals, improving the use of AVFs by US
HD patients. Networks are CMS contractors responsible for communicating the advantages
of AVF use, providing improvement strategies and resources, performing education, and
facilitating regional coalitions of stakeholders focused on quality improvement. All FFBI
eligible facilities are FFBI participants.

Study population
The study population included all eligible HD facilities. Facilities which may be deemed
ineligible by CMS on a case-by-case basis and, consequently, do not submit data are: (1)
acute care hospital facilities, (2) Veterans’ Administration facilities, (3) pediatric facilities,
(4) permanently or temporarily closed facilities, (5) facilities providing only peritoneal
dialysis services, and (6) special purpose facilities. All eligible facilities during the period
January 2007 to April 2010 that met other criteria as described below were included.
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Data and data collection
Monthly data collected from each facility by a regional Network included the number of
prevalent HD patients, and those with a vascular access that was an: AVF, central venous
catheter (CVC) with an AVF present, CVC with an arterio-venous graft (AVG) present,
CVC ≥ 90 days with no other access present, and CVC < 90 days with no other access
present. All categories are mutually exclusive. The four CVC categories sum to the total
number of patients using a CVC.

Monthly census data were collected by each dialysis facility using either an electronic
workbook provided by the Network for return or a direct electronic submission for large
dialysis organization. Large dialysis organizations are corporate entities that include 100 or
more dialysis units.8 Included in the vascular access census data were counts of the type of
vascular access used at each patient's last monthly hemodialysis treatment. We restricted our
analysis to those facilities with an average patient census of 10 or more throughout the study
period and data for all 40 months.

While patient demographic and clinical data are not collected as a function of the FFBI, data
from the CMS Medical Evidence Form (CMS-2728), which is collected at the start of
maintenance dialysis, were available for access at the end of the 40 month study period on
June 1, 2010. These data were used to construct a data set of all living prevalent in-center
HD patients. Linking these patients with their current dialysis provider resulted in facility-
level measures of patient demographic and clinical characteristics.

Measures
We measured AVF and CVC use at the facility level in the following manner: the
denominator for all measures was the number of prevalent HD patients treated during the
last treatment day of the calendar month. The following numerators apply:

1. AVF use (number of prevalent HD patients in the denominator who were dialyzed
using an AVF on the last treatment day of the calendar month);

2. CVC < 90 days use (number of prevalent HD patients in the denominator who were
dialyzed using a CVC on the last treatment day of the calendar month; the CVC
was the sole access in place and used for fewer than 90 days);

3. CVC ≥ 90 days use (number of prevalent HD patients in the denominator who were
dialyzed using a CVC on the last treatment day of the calendar month; the CVC
was the sole access in place and used for treatment for 90 days or greater);

4. CVC with AVG use (number of prevalent HD patients in the denominator who
were dialyzed using a CVC on the last treatment day of the calendar month;
patients had an AVG but were not using it)

5. CVC with AVF use (number of prevalent HD patients in the denominator who
were dialyzed using a CVC on the last treatment day of the calendar month;
patients had an AVF but were not using it);

6. Total CVC use (number of prevalent HD patients in the denominator who were
dialyzed using a CVC on the last treatment day of the calendar month).

Target achievement was defined as the percent of facilities within the geographic boundaries
of the entity being assessed (i.e., US or Network) with 66% or more prevalent HD patients
using an AVF.
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Statistical analysis
Network descriptive statistics including facility casemix and other measures were prepared.
To examine the longitudinal data set, we calculated the mean US and Network prevalent
vascular access use for each of the 40 months. In addition, we calculated the percent of US
and Network facilities achieving the CMS target at initial measurement in January 2007, at
re-measurement in April 2010, and at least once over the 40 months. Mean changes in AVF
and CVC use for the nation and Networks were tested using paired t-tests. Changes in the
percent of facilities achieving the 66% prevalent AVF target were tested using McNemar's
test for marginal homogeneity. Sustainability was examined through calculation of the mean
number of months at target for those achieving the target at least once in 40 months.

To determine if there was a temporal effect, the study period was divided into four 10 month
periods. For each study facility and time period, AVF use was regressed on time to produce
average rates of change. Differences across the four periods were examined through analysis
of variance.

To understand factors associated with AVF use at the facility and Network levels, two
additional analyses were performed. First, facilities were divided into quintiles based on the
proportion of patients using an AVF in the last measured month and differences in casemix
and other facility characteristics were examined across performance quintiles using the
nonparametric Kruskal-Wallis test. Second, the proportion of patients using an AVF in the
last measured month was regressed on these same facility level measures. In order to
examine the relationship between changes in AVF and total CVC use, the Spearman
correlation coefficient was calculated. All analyses were performed using SAS software,
version 9.1 (SAS Institute Inc, www.sas.com).

RESULTS
There were 5,692 facilities submitting data into the CMS vascular access database for
January 2007 to April 2010, and 4,064 had an average patient census of 10 or more and data
for all 40 months. Six of these facilities were excluded due to coding anomalies (i.e., having
more than one Network number). Of the remaining 4,058 facilities included in our analyses,
the mean (SD) patient census was 72.3 (42.4). Table 1 provides a description of facility
casemix and other characteristics across Networks. AVF use improved in all Networks
(Table 2 and Figure 1). In January 2007, the mean AVF use among all facilities was 45.3%
and increased to 55.5% in April 2010 (P < 0.001), a 22.5% increase over initial
measurement. Each Network increased AVF use during that interval, with a Network mean
(SD) percent increase in AVF use of 22.1% (5.6), and a median of 22.2% (25th-75th

percentile, 19.3%-24.7%).

Over the 40 months, 1,458 facilities (35.9%) reached the CMS goal at least once.
Attainment of the goal varied from 22.1% of all treatment facilities in Network 5 to 79.0%
in Network 16 (Table 2 and Figure 2). The mean (SD) percent of facilities within a Network
attaining the AVF goal at least once during that interval was 38.7% (15.0), with a median of
36.7% (25th-75th percentile, 26.1%-47.9%). Facilities achieving the prevalent AVF use
target at least once maintained the target for a mean (SD) of 12.9 (11.7) months.

Improvement continued throughout the 40 month interval. Table 3 provides mean facility
rates of change over four ten month periods. Some slowing of improvement was evident in
later periods, coinciding with higher mean AVF use. Through pairwise comparisons using
Tukey's procedure and α = .05, the average rate of change in the initial time period was
found to be significantly different from those in other periods.
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The proportion of facilities with 66% or more of their patients using an AVF increased from
6.4% during January 2007 to 19.0% during April 2010 (P < 0.001). The proportion of
treatment facilities attaining 66% AVF use in April 2010 varied by Network, from a low of
9.4% of Network 6 facilities to a high of 49.2% of facilities in Network 16 (Table 2 and
Figure 3). The Network mean (SD) increase in facilities reaching goal in a particular month
was 414.7% (652.5), with median of 218.3% (25th-75th percentile, 145.5%-337.5%). The
geographic variations implicit in the Network differences in AVF use showed little pattern.
Although there was a contiguous group of Networks (5, 6, 8, 9, and 10) with lower
percentages of facilities accomplishing the 66% prevalent AVF use goal in April 2010, there
were also contiguous Networks with high and low proportions of facilities achieving the
goal in that time period. (Figure 2.)

Examination of facility casemix measures across rising AVF use quintiles, per the last
measured month, revealed declining median percentages of females, African Americans, and
those with hypertension as a cause of ESRD. (Table 4.) All other median casemix measures
increased over increasing quintiles. While there were significant differences across quintiles
in facility size, as measured by the prevalent HD patient population, and the percentage of
LDO facilities, no trend was apparent. Facility vascular access measures varied in an
expectable manner given the way the quintiles were constructed.

Linear regression, with an R2 of 0.20, revealed lower percentages of females, younger
average age, and smaller percentages of patients with peripheral vascular disease at the start
of chronic HD associated with higher AVF use. Higher percentages of patients who were
Caucasian, Hispanic, and had diabetes or glomerulonephritis as a primary cause of ESRD
were associated with higher AVF use. Higher percentages of patients beginning HD with an
AVF and being an large dialysis organization facility were also associated with higher
prevalent AVF use (Table 5).

As AVF use increased within each Network, CVC use declined (Table 2 and Figure 4).
Nationally, total CVC use declined over the 40 month period from 28.8% in January 2007 to
24.0% in April 2010 (P < 0.001), a 16.4% decrease. Total CVC use also declined in each
Network with a mean (SD) percent change in total CVC use of -16.2% (2.5), with a median
of -16.3% (25th-75th percentile, -17.8% to -14.7%).

CVC use declined in each category (Table 6). The mean chronic CVC use (CVC ≥ 90 days)
declined the most, from 12.0% to 9.5%. Finally, the change in AVF use was inversely
correlated with the change in total CVC use (ρ= -0.5791).

DISCUSSION
While the CMS goal of 66% prevalent AVF use has not yet been reached nationally, our
observations, which are based on national, monthly reporting by all FFBI eligible facilities
in the US, show that the goal is frequently attained by individual facilities; however, success
varies substantially among facilities in different Networks. Because of the shared
responsibility for improvement by facilities and Networks, it is useful to examine progress
and consider additional strategies for improvement.

There is ample evidence to support the US efforts to increase AVF use. An AVF requires
fewer interventions for access dysfunction, has better four to five year patency rates, and is
associated with lower morbidity and mortality.1,9,10,11 In addition, costs are lower, with an
average 2007 per person per year total cost for a patient with a CVC of $79,364; for a
patient with an AVG, $72,729; and for a patient with an AVF, just under $60,000.8
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What has not been clear is the extent to which successful AVF use can be achieved within
different HD populations. Our analysis demonstrates that AVF use of 66% can be attained
and sustained by many US facilities. In our study, 1,458 facilities were able to achieve the
AVF use target at least once during the observation period and these facilities sustained the
target, on average, for almost 13 months. Improvement in AVF use and goal attainment
were observed among facilities in all Networks regardless of initial measurement. These
observations suggest that additional increases in AVF use are attainable and that an AVF use
of 66% will be attained by some Networks and many facilities serving the US HD
population.

An important aspect of this analysis is the facility-to-facility variation in AVF goal
achievement within individual ESRD Networks. The proportion of Network facilities in
April 2010 that achieved the AVF goal varied between 9.4% and 49.2% of all facilities. At a
population level this is associated with respective AVF use of 51.6% and 64.8% of all HD
patients. Clearly, it is important to understand why vastly different performance is observed,
often in geographically contiguous Networks.

Patient casemix explained 20% of the variance in our analysis. Facilities with higher
percentages of Caucasian and Hispanic patients, patients with diabetes as the primary cause
of ESRD, patients with glomerulonephritis as the primary cause, and patients beginning
chronic HD with an AVF tended to have higher prevalent AVF use. Perhaps an explanation
for the positive associations between AVF use and percentages of patients with diabetes and
glomerulonephritis is that these patients are more likely to receive pre-ESRD care and
preparation for a permanent vascular access, even if they do not begin with an AVF. It is
obvious that receiving higher percentages of patients with an AVF at initiation predisposes a
facility to achieving higher prevalent AVF use. The higher AVF use in LDO facilities may
be facilitated by corporate programs promoting chronic CVC reduction.

Our analysis also revealed lower AVF use among facilities with higher percentages of
females and patients starting chronic HD with PVD and older populations. These are
patients for whom constructing and maintaining an AVF may be more challenging.
However, it is cautionary to remember that the slogan “Fistula First” was never intended to
suggest that all patients should receive an AVF.6 Patients with a high likelihood of AVF
non-maturation or short life expectancy, for example, may not be appropriate candidates for
an AVF and may benefit from an AVG, which has the benefit of reducing the proportion of
CVC dependent patients. However, maturation risk algorithms12 should not be used to
eliminate patients from consideration for an AVF. All patients should be evaluated by a
skilled surgeon and considered for placement of an AVF unless medically contraindicated.

In our analysis, casemix explained only a portion of the variation in facility-level AVF use.
We do not yet fully understand regional variability. Practice patterns reflecting preferences
or skill level of the surgeons, nephrologists, and dialysis unit staff have been implicated in
geographic variation.13 Other potential reasons for geographic differences include
variability in the timeliness of patient referrals to nephrologists; the number of surgeons
willing and able to perform AVF surgery; the length of time to surgical referral; AVF
primary failure rates; successful cannulation of AVFs by dialysis staff; the number of
patients without usable veins due to prolonged CVC use and central vein occlusion; and
insurance coverage and funding structure. For example, in the Dialysis Access Consortium
(DAC) study, 61% of AVFs failed to mature.14 Additionally, funding structure may differ
by state (i.e. patients with no insurance may have access to vascular surgeons at a county
hospital, while others may not) and state Medicaid coverage varies.

Lynch et al. Page 6

Am J Kidney Dis. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Understanding the nature of differences and what can be done to reduce variation while
simultaneously improving performance is imperative. In this regard, it is important to
emphasize that the regional variability represented by differences across US ESRD
Networks are similar to national variations in AVF use reported by the Dialysis Outcomes
and Practice Patterns Study (DOPPS).7 Factors that contribute to these within and between
country variations in quality of care are also poorly understood and warrant attention.

This analysis also demonstrates that the rise in AVF use since 2007 has not been
accompanied by a corresponding increase in CVC use, which trended down significantly
over the 40 months of study observation. These findings corroborate those of Spergel,6 who
examined data from 2003 – 2008, and refuted pronouncements in the literature that the FFBI
initiative has led to an increase in CVC use.15 The significant decline in CVC use was
observed despite the fact that the overwhelming majority of initial start HD patients continue
to begin chronic dialysis with a CVC (81.8% in 2009).16 Thus, it appears that facilities are
successfully converting CVCs to permanent vascular accesses and assuring that patients do
not dialyze greater than 90 days with a CVC without placing a permanent access. In fact, the
prevalent CVC ≥ 90 days use reported here was 10.5% in April 2010, comparing favorably
to the K/DOQI guidelines for 10% or fewer HD patients to dialyze with a CVC greater than
90 days.

To further improve AVF use while decreasing variation, several actions may be pursued.
These include utilization of a vascular access nurse in the dialysis clinic; defining and
utilizing criteria for early AVF assessment and intervention if not maturing; evaluating the
impact of cannulation policy for dialysis staff to aid in AVF preservation; and educating
patients and nephrologists to the dangers of CVCs. For example, by implementing a
program which included a dedicated vascular access nurse to coordinate patient care and an
algorithm to prioritize AVF surgery, one dialysis facility documented an increase in AVF
use from 56% to 75%.17 In the DAC study, 2% of non-maturing AVFs were referred for
intervention to assist maturation before six weeks.18 Factors such as adequate length of the
AVF cannulation segment and use of the buttonhole cannulation technique may reduce
cannulation-related complications.19 In a review by Rehman, et al, the authors concluded
that “nephrologists are ethically obligated to systematically explain to patients the harms of
tunneled cuffed catheters.”20 As rationale, they cited the increased risk of death, increased
risk of serious infection, increased hospitalization, a decreased likelihood of adequate
dialysis, and an increased number of vascular access procedures associated with long-term
catheter use.

But, who should take responsibility for assuring that all of the above actions occur? An
expert panel recently convened by CMS concluded that the highest priority strategy for
improving AVF use and reaching the CMS goal is “Nephrology Leadership.”21 According
to these experts, not only does the nephrologist have an ethical obligation to promote
catheter reduction, but he/she should provide the necessary leadership to assure that patients
are prepared for dialysis, that prescriptions are appropriate and that quality outcomes are
achieved. The nephrologist has the primary responsibility for assuring that patients
understand the superior benefits of AVFs, patients are referred to surgeons who are
technically competent to place AVFs, staff is trained to cannulate AVFs, and surveillance
and monitoring protocols are in place to track maturing AVFs and refer when appropriate.

While this analysis is limited by the absence of facilities’ case-mix data over time and the
national scope of the initiative precludes a comparison group, it demonstrates that the CMS
goal of 66% AVF use among prevalent HD patients is achievable, without a concurrent rise
in CVC use, as demonstrated by a significant number of dialysis facilities across the US;
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however, challenges remain. There is a need to further spread best clinical practices to
reduce regional variation and fully realize the CMS goal. This is the role of Networks.
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Figure 1.
Mean prevalent arterio-venous fistula use in hemodialysis facilities in the United States and
the end-stage renal disease Networks, January 2007 and April 2010.
Source: Centers for Medicare & Medicaid Services, Vascular Access Data Set as delivered
by the Network Information Technology Support contractor to Fistula First Breakthrough
Initiative contractor, January 2007 – April 2010.
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Figure 2.
Percent of hemodialysis facilities (with ≥ 10 patients and 40 months of data) achieving the
Centers for Medicare & Medicaid Services Goal of 66% for prevalent arterio-venous fistula
(AVF) use at least once between January 2007 and April 2010.
Source: Centers for Medicare & Medicaid Services, Vascular Access Data Set as delivered
by the Network Information Technology Support contractor to Fistula First Breakthrough
Initiative contractor, January 2007 – April 2010.
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Figure 3.
Percent hemodialysis facilities in the United States and end-stage renal disease Networks
achieving the Centers for Medicare & Medicaid Services prevalent arterio-venous fistula
(AVF) goal of 66%, January 2007 and April 2010.
Source: Centers for Medicare & Medicaid Services, Vascular Access Data Set as delivered
by the Network Information Technology Support contractor to Fistula First Breakthrough
Initiative contractor, January 2007 – April 2010.
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Figure 4.
Mean prevalent central venous catheter (CVC) use in hemodialysis facilities in the United
States and the end-stage renal disease Networks, January 2007 and April 2010.
Source: Centers for Medicare & Medicaid Services, Vascular Access Data Set as delivered
by the Network Information Technology Support contractor to Fistula First Breakthrough
Initiative contractor, January 2007 . April 2010.
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Table 3

Mean Facility Rates of Change in AVF Use by Time Period

Time Period 1(Jan 07 - Oct
07; n = 4,058)

Time Period 2 (Oct 07 - Aug
08; n = 4,058)

Time Period 3 (Aug 08 - Jun
09; n = 4,058)

Time Period 4 (Jun 09 - Apr
10; n = 4,058)

Mean 0.34 0.28 0.22 0.24

SD 0.9 0.8 0.8 0.8

F=17.6; df = 3; P < 0.001

Source: Centers for Medicare & Medicaid Services, Vascular Access Data Set as delivered by the Network Information Technology Support
contractor to Fistula First Breakthrough Initiative contractor, January 2007 – April 2010.

AVF, arteriovenous fistula
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Table 5

Facility AVF Use as a Function of Casemix and Other Facility Characteristics

Variable β P-value

Intercept 55.868 < 0.001

Percent Female -0.135 < 0.001

Average Age -0.149 0.001

Percent Caucasian 0.058 < 0.001

Percent Hispanic 0.039 < 0.001

Percent Diabetes as Primary Cause 0.087 0.001

Percent Hypertension as Primary Cause 0.005 0.8

Percent Glomerulonephritis as Primary Cause 0.144 < 0.001

Polycystic Kidney Disease as Primary Cause -0.078 0.2

Percent PVD Co-morbidity -0.086 0.005

Percent ASHD or IHD Co-morbidity -0.005 0.8

Percent Hypertension Co-morbidity -0.023 0.3

Percent Diabetes Co-morbidity -0.019 0.4

Percent using AVF at Start of Maintenance HD 0.652 < 0.001

Facility HD patients 0.007 0.1

Large Dialysis Organization 0.760 0.03

F value 69.25 < 0.001

R2 0.202

Source: Centers for Medicare & Medicaid Services, Standard Information Medical System, End Stage Renal Disease Medical Evidence Report
Medicare Entitlement and/or Patient Registration, Form CMS-2728, January 2007 – April 2010. Source for facility HD patients and LDO data:
Centers for Medicare & Medicaid Services, Vascular Access Data Set as delivered by the Network Information Technology Support contractor to
Fistula First Breakthrough Initiative contractor, January 2007 – April 2010.

AVF, arteriovenous fistula; Peripheral Vascular Disease (PVD); Atherosclerotic Heart Disease (ASHD); Ischemic Heart Disease (IHD);
Hemodialysis (HD)
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Table 6

Mean Changes in US Prevalent CVC and AVF Use, January 2007 – April 2010

Vascular Access January 2007 (%) April 2010 (%) Difference (95% CI) P-value

CVC

    ≥ 90 days 12.0 9.5 -2.5 (-2.7, -2.2) < 0.001

    < 90 days 6.8 5.4 -1.4 (-1.6, -1.2) < 0.001

    with AVF 7.9 7.5 -0.4 (-0.6, -0.2) < 0.001

    with AVG 2.1 1.7 -0.5 (-0.6, -0.4) < 0.001

    Total 28.8 24.0 -4.7 (-5.0, -4.4) < 0.001

AVF 45.3 55.5 10.2 (9.8, 10.5) < 0.001

Source: Centers for Medicare & Medicaid Services, Vascular Access Data Set as delivered by the Network Information Technology Support
contractor to Fistula First Breakthrough Initiative contractor, January 2007 – April 2010.

Arterio-venous Fistula (AVF); AVG, arteriovenous graft; Central Venous Catheter (CVC)
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