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Effect of Change in Vascular Access on Patient Mortality
in Hemodialysis Patients

Michael Allon, MD, John Daugirdas, MD, Thomas A. Depner, MD, Tom Greene, PhD,
Daniel Ornt, MD, and Steve J. Schwab, MD, for the HEMO Study Group

Background: Hemodialysis patients using a catheter have a greater mortality risk than those using an arterio-
enous (AV) access (fistula or graft). However, catheter-dependent patients also differ from those with an AV
ccess in several clinical features, and these differences may themselves contribute to their excess mortality.
ethods: The current study evaluates whether a change in vascular access affects risk for mortality in patients
nrolled in the Hemodialysis Study. Time-dependent Cox regression was used to relate mortality risk to current type
f access and change in access type during the preceding 1 year. Results: Compared with patients who dialyzed
sing an AV access at both the beginning and end of the preceding 1-year interval, relative risks for mortality were
.43 (95% confidence interval [CI], 2.42 to 4.86) in patients who dialyzed with a catheter at both times; 2.38 (95% CI,
.76 to 3.23) in patients switching from an AV access to a catheter, and 1.37 (95% CI, 0.81 to 2.32) in patients
witching from a catheter to an AV access. Change from AV access to a catheter was associated with an antecedent
ecrease in serum albumin level (odds ratio, 1.25; 95% CI, 1.09 to 1.45 per 0.5 g/dL; P � 0.002), weight loss (odds
atio, 1.14; 95% CI, 1.06 to 1.22 per 2 kg; P < 0.001), and decreases in equilibrated normalized protein catabolic rate
odds ratio, 2.22; 95% CI, 1.41 to 3.57 per 0.25 g/kg/d; P < 0.001) and non–access-related hospitalization (odds ratio,
.19; 95% CI, 1.06 to 1.32 per 1 additional hospitalization over 4 months; P � 0.002). Change from a catheter to AV
ccess was predicted by only the antecedent non–access-related hospitalization rate (odds ratio, 0.93; 95% CI, 0.87
o 0.97 per 1 additional hospitalization over 4 months; P < 0.001). Conclusion: Change from a catheter to AV access
s associated with a substantial decrease in mortality risk. Am J Kidney Dis 47:469-477.

2006 by the National Kidney Foundation, Inc.
NDEX WORDS: Vascular access; fistula; graft; catheter; mortality.
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ASCULAR ACCESS IS an important pre-
dictor of death in hemodialysis patients.

elative risk for death is increased 2- to 3-fold in
ncident patients using catheters compared with
hose using an arteriovenous (AV) access (fistula
r graft).1-5 This observation holds true in the
nited States and other countries regardless of
hether one examines overall mortality or cause-

pecific mortality (in particular, infection-related
eath). Patients dialyzing with a catheter differ in
everal important respects from those with an AV
ccess: they typically are older, have greater
omorbidity, and have lower serum albumin lev-
ls.1,2,4,5 These clinical features themselves are
ssociated with a greater relative risk for mortal-
ty.6 Thus, it is not clear whether the excess
ortality in catheter-dependent hemodialysis pa-

ients is caused by complications related to the
atheter or dialysis using a catheter is simply a
arker of patients more likely to die.
One way to address this question is to deter-
ine whether a change in vascular access type

hanges the relative risk for mortality. Specifi-
ally, is change from an AV access to a catheter
ssociated with an increased likelihood of death?
onversely, is change from a catheter to an AV
ccess associated with decreased mortality risk?

o evaluate this research question, we used a

merican Journal of Kidney Diseases, Vol 47, No 3 (March), 2006
arge prospective database collected for patients
nrolled in the Hemodialysis (HEMO) Study.

METHODS

tudy Design
The design and methods of the HEMO Study have been

eported previously.6 In brief, the HEMO Study was a
ulticenter, prospective, randomized, 2 � 2 factorial clini-

al trial that evaluated the effect of dialysis dose and flux on
he morbidity and mortality of hemodialysis patients. The
tudy was approved by the institutional review board at each
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ALLON ET AL470
f 15 clinical centers associated with 72 participating dialy-
is units, and all patients gave written informed consent.

aseline
Subjects were enrolled in the baseline phase between
arch 1995 and October 2000 and randomized between
ay 1995 and February 2001. Eligibility requirements for

aseline enrollment included age between 18 and 80 years,
eceiving incenter hemodialysis thrice weekly, and on hemo-
ialysis therapy longer than 3 months. Demographic and
linical information were collected at baseline. Patients were
xcluded during baseline if: (1) residual urea clearance in a
4- to 46-hour urine collection was greater than 1.5 mL/
in/35 L of urea volume; (2) serum albumin level (nephelom-

try) was less than 2.6 g/dL (�26 g/L); (3) they failed to
chieve the high target dialysis dose in 4.5 hours or less on 2
f 3 consecutive monitored dialysis sessions; (4) they had
erious comorbid medical conditions, including active malig-
ancy or infection, unstable angina, or end-stage cardiac,
ulmonary, or hepatic disease; or (5) they were scheduled
or a living donor kidney transplantation. Several baseline
actors were collected on all study patients, including age,
ex, race, diabetic status, Index of Coexisting Disease
core,7,8 presence of cardiac disease, presence of peripheral
rtery disease, anthropometric volume (computed by using
he Watson formula9), serum albumin level, serum creati-
ine level, and type of vascular access.

nterventions
Patients meeting inclusion and exclusion criteria were

andomly assigned to the study interventions in a 2 � 2
actorial design with equal allocation. Each patient was
andomly assigned to receive either a standard (equilibrated
t/V, 1.05) or high (equilibrated Kt/V, 1.45) dialysis dose

nd to dialyze with either a low-flux (�2-microglobulin
learance �10 mL/min) or high-flux (�2-microglobulin clear-
nce �20 mL/min) membrane. Target dialysis dose was
chieved by manipulating dialyzer clearance, dialysis blood
ow, and treatment time (minimum, �2.5 hours). Adherence

o dose intervention was monitored by means of monthly
rea kinetic modeling. Dialyzer reuse was permitted, but the
umber of reuses was limited in the high-flux arm to meet
he target �2-microglobulin clearance. Unmodified cellulose
ialyzers were not allowed. Mean achieved equilibrated
t/V was 1.53 � 0.09 in the high-dose group and 1.16 �
.08 in the standard-dose group; single-pool Kt/Vs were
.71 � 0.11 and 1.32 � 0.09, respectively. Mean achieved

2-microglobulin clearances were 3.4 � 7.2 and 33.8 � 11.4
L/min in the low-flux and high-flux groups, respectively.
ther than the study interventions, dialysis and medical
anagement of patients conformed to current standards of

are. Monthly laboratory tests performed for all study pa-
ients included a serum albumin level. Data collection ended
n December 2001. Mean patient follow-up for mortality
as 2.84 years.

ollow-Up Data Collection
At monthly kinetic modeling sessions, clinical centers

rovided information about the type of vascular access

fistula, graft, or catheter) being used for dialysis. For the s
urpose of this analysis, fistulae and grafts were both labeled
s an AV access, whereas catheters were labeled as a venous
ccess. This prospective information was used to track changes
n vascular access. In addition, during the monthly kinetic
essions, we collected information about patients’ postdialy-
is weight, protein catabolic rate, and serum albumin level.
onthly C-reactive protein (CRP) levels were determined

tarting on September 1, 1999. Finally, clinical centers
etermined the cause of death for each patient, and their
lassifications were reviewed by the Outcomes Committee.3

Analyses of this report are based on a data set consisting
f 54,841 kinetic modeling sessions conducted in 1,826 of
,846 randomized patients in which valid kinetic modeling
ata were obtained and which were restricted to the first
inetic modeling session conducted within each calendar
onth. In Cox regression analyses, values of predictor

ariables during months with missing kinetic modeling were
nput from the most recent nonmissing value. Analyses of
aseline and follow-up factors that predicted access type
ere restricted further to 48,081 of these kinetic modeling

essions, which were conducted after 4 months of follow-up.

tatistical Analyses
Generalized estimating equations for a dichotomous re-

ponse variable were used to relate type of access at each
onth during follow-up to baseline and follow-up factors.
actors first were evaluated univariately (controlling for
linical center and randomized treatment group) and then
ointly in a multivariable model.

Time-dependent Cox regression next was used to relate
he relative risk for mortality at each time to the patient’s
ost recently recorded access type while controlling for

ifferent sets of baseline factors to evaluate potential con-
ounding relationships. First, relative risk associated with
se of a venous versus AV access was evaluated with only
he case-mix variables age, sex, race, diabetic status, and
ears on dialysis therapy included as covariates. Relative
isk was evaluated next after controlling for both case-mix
actors and baseline levels of serum albumin and serum
reatinine, comorbidity index, cardiac disease, peripheral
ascular disease, and anthropometric volume, and then again
fter controlling for these factors plus mean values of serum
lbumin, anthropometric volume, systolic blood pressure,
nd rate of non–access-related hospitalizations during the
receding 4-month period. Patients dialyzing with fistulae
nd grafts were treated as a single group for the purpose of
his analysis because our preliminary data analysis showed
o difference in mortality risk between the 2 types of
ascular access. Specifically, relative risks for mortality for
atients with grafts versus fistulae were 1.00 (95% confi-
ence interval [CI], 0.83 to 1.20) controlling for case-mix
ariables only and 0.97 (95% confidence interval, 0.80 to
.18) controlling for the full set of covariates listed.
Separate time-dependent Cox regression analyses were

sed to relate risk for mortality at each follow-up time
eginning 1 year after randomization to change in type of
ccess between the patient’s most recently recorded access
ype and type of access 1 year earlier. These analyses were
erformed while controlling for the baseline factors listed
nd mean values of serum albumin, anthropometric volume,

ystolic blood pressure, and rate of non–access-related hos-
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LONGITUDINAL ACCESS CHANGES 471
italizations during the 4 months preceding the 1-year pe-
iod during which access change was evaluated. The 1-year
ntervals were classified into 1 of 5 categories: (1) an AV
ccess at both times (88.3% of 1-year intervals), (2) switch
rom a catheter to an AV access (2.3% of 1-year intervals),
3) switch from an AV access to a catheter (4.1% of 1-year
ntervals), (4) a catheter at both times (2.8% of 1-year
ntervals), and (5) other or unknown access at either time
2.6%). Relative risks were obtained for the second, third,
ourth, and fifth categories compared with the first category
n which an AV access was used at both times.

For simplicity, the analyses described in the preceding
aragraph considered only access type at the beginning and
nd of the preceding 1-year period regardless of type of
ccess at specific times during this interval. Sensitivity
nalyses were conducted in which separate categories also
ere defined for patients with more than 1 change in type of

ccess during the 1-year interval. Results of these sensitivity
nalyses were similar to those based on type of access at the
eginning and end of 1-year intervals.
Finally, we conducted additional analyses to relate the

dds of changing from an AV access to a catheter to changes
n other factors. These analyses were conducted by first
estricting the data set to kinetic modeling sessions that
ollowed 6-month intervals during which an AV access was
eported at each modeled dialysis. Within this restricted data
et, generalized estimating equations with dichotomous re-
ponses were used to relate the odds of changing from an AV
ccess to a catheter to changes in selected factors during the
receding 6 months, controlling for baseline covariates.
nalogous analyses, restricted to kinetic modeling sessions

fter 6-month periods during which a catheter access was
ecorded at each modeled dialysis, were used to relate
hanges from a catheter to an AV access to changes in other
actors.

All survival analyses were stratified by the 15 clinical
enters and conducted with follow-up time censored at
ransplantation or 4 months after transfer of patients to
onparticipating dialysis units. Because of its greater famil-
arity, we use the expression “relative risk” when referring to
azard ratios in Cox regression analyses. Generalized esti-
ating equation models were fit for Bernouli responses with
working compound symmetry covariance matrix, with

obust SEs used for statistical inference. Two-sided P are
eported for all hypothesis tests without adjustment for
ultiple comparisons.

RESULTS

Baseline characteristics of patients enrolled in
he HEMO Study are listed in Table 1. There was

slight predominance of female patients and
lmost half the patients had diabetes. Nearly two
hirds were black, reflecting the racial composi-
ion of the participating dialysis centers. Cardiac
isease (coronary artery disease, congestive heart
ailure, arrhythmias, or left ventricular hypertro-
hy) was present in more than three fourths of

atients. The proportion of subjects dialyzing d
ith a catheter was approximately 5% at the time
f randomization, 60% used an AV graft, and
3% used a fistula. Proportions of the 3 types of
ascular access remained fairly constant for up
o 3 years of patient follow-up.

The likelihood of dialysis using a catheter was
ssociated with several baseline clinical and lab-
ratory factors (Table 2). These included patient
ex, comorbidity (Index of Coexisting Disease
core), Karnofsky score, serum albumin level,
erum creatinine level, urea volume, presence of
eripheral vascular disease, and rate of non–
ccess-related hospitalization. Catheter use also
as associated highly with 3 follow-up vari-

bles: current serum albumin level, current urea
olume, and rate of non–access-related hospital-
zation. On multiple variable analysis, dialysis
ith a catheter was associated with 3 baseline

actors: serum albumin level, serum creatinine
evel, and urea volume (Table 3).

Risk for mortality was 3-fold greater in pa-
ients dialyzing with a catheter compared with
hose using an AV access (Table 4). This relative
isk remained significant even after adjustment
or multiple baseline factors and follow-up albu-
in level, anthropometric volume, systolic blood

ressure, and non–access-related hospitalization
ate. The excess mortality in patients with cath-
ters was observed in patients with and without

Table 1. Baseline Patient Characteristics of the
Study Population

ge (y) 57.6 � 14.0
emale (%) 56.2
lack race (%) 62.6
rior dialysis (y) 3.7 � 4.4
iabetes (%) 44.6
ardiac disease (%) 80.1
eripheral vascular disease (%) 21.0
lbumin (g/dL) 3.62 � 0.34
reatinine (mg/dL) 10.3 � 2.9
ystolic blood pressure (mm Hg) 151 � 26
iastolic blood pressure (mm Hg) 81 � 15
nthropometric volume (L) 34.9 � 6.1
istula (%) 33.2
raft (%) 60.2
enous catheter (%) 5.1

NOTE. Values expressed as mean � SD or percent.
he number of accesses adds up to less than 100%
ecause of a small number of accesses reported as “other”
r “unknown.” To convert albumin in g/dL to g/L, multiply by
0; creatinine in mg/dL to �mol/L, multiply by 88.4.
iabetes. The risk was not increased significantly
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ALLON ET AL472
n the subset of patients without baseline cardiac
isease. The excess mortality associated with use
f a catheter compared with an AV access also
as observed for cause-specific mortality. After

djusting for the full set of baseline covariates
nd follow-up albumin level, anthropometric vol-
me, systolic blood pressure, and non–access-
elated hospitalization rate, relative risks were
.62 (95% CI, 1.16 to 2.27) for cardiac death and
.27 (95% CI, 1.45 to 3.55) for infection-related
eath (P � 0.001 for both comparisons).
Time-dependent Cox regression analysis was

sed to relate mortality risk to changes in type of
ascular access during the preceding year. With
atients using an AV access at both the beginning
nd end of the 1-year interval serving as the
eference, Table 5 lists relative risks for changing
rom an AV access to a catheter, changing from a

Table 2. Univariate Association of Catheter Versus
AV Access Use With Designated Factors

Parameter
Odds
Ratio 95% CI P

ge (/10 y) 1.01 0.91-1.11 0.91
iabetes 1.03 0.78-1.34 0.85
lack race 0.74 0.53-1.03 0.03
ex (female) 1.92 1.45-2.54 �0.0001
ialysis duration (y) 1.01 0.98-1.05 0.52
ase Index of Coexisting
Disease score 1.24 1.04-1.47 0.014

aseline Karnofsky (10%) 0.87 0.80-0.95 0.001
aseline albumin
(/0.5 g/dL) 0.17 0.07-0.38 �0.0001

aseline creatinine
(/mg/dL) 0.87 0.83-0.92 �0.0001

aseline anthropometric
volume (/5 L) 0.64 0.56-0.73 �0.0001
eart disease at baseline 1.41 0.98-2.02 0.06
eripheral vascular
disease at baseline 1.18 1.03-1.37 0.02
on–access-related
hospitalization rate in
last 4 mo 1.07 1.04-1.09 �0.0001
urrent albumin (/0.5 g/dL) 0.05 0.03-0.08 �0.0001
urrent anthropometric
volume (/5 L) 0.49 0.42-0.57 �0.0001

NOTE. Odds ratios for catheter use versus AV access
se during follow-up kinetic modeling sessions. Each fac-
or is evaluated individually, controlling for clinical center
nd randomized dose and flux groups. The bottom 3
actors are follow-up factors; the remaining are baseline
actors. To convert albumin in g/dL to g/L, multiply by 10;
reatinine in mg/dL to �mol/L, multiply by 88.4.
atheter to an AV access, and for use of a catheter m
t both times. Change from an AV access to a
atheter was associated with more than a 2-fold
reater death rate compared with patients who
sed an AV access at both times; this was true for
atients with and without diabetes and patients
ith or without preexisting cardiac disease. Con-
ersely, change from a catheter to an AV access
as associated with a substantially lower risk for
ortality compared with use of a catheter at both

imes.
The association between risk for death and

hange in access type also was observed for
ause-specific mortality. After adjusting for the
ull set of baseline covariates and follow-up
lbumin level, anthropometric volume, systolic
lood pressure, and non–access-related hospital-
zation rate, change from an AV access to a
atheter was associated with a 1.67 (95% CI,
.96 to 2.89) relative risk for cardiac death and a
.51 (95% CI, 1.94 to 6.35) relative risk for
nfection-related death compared with patients
sing an AV access at both times. Conversely,
hange from a catheter to an AV access was
ssociated with a 0.37 (95% CI, 0.12 to 1.16)
elative risk for cardiac death and a 0.28 (95%
I, 0.07 to 1.09) relative risk for infection-

Table 3. Multivariable Model for Catheter Versus
AV Access Use

Parameter
Odds
Ratio 95% CI P

igh-Kt/V group 1.01 0.77-1.32 0.94
igh-flux group 0.87 0.66-1.13 0.30
ge (/10 y) 0.91 0.81-1.02 0.10
iabetes 0.87 0.64-1.17 0.35
lack race 0.78 0.55-1.09 0.14
ex (female) 0.90 0.59-1.38 0.64
ialysis duration (y) 1.01 0.97-1.04 0.66
aseline albumin
(/0.5 g/dL) 0.28 0.11-0.70 0.006

aseline creatinine
(/mg/dL) 0.93 0.87-1.00 0.04

aseline anthropometric
volume (/5 L) 0.67 0.56-0.81 �0.0001
eart disease at baseline 1.29 0.89-1.86 0.18
eripheral vascular
disease at baseline 1.12 0.97-1.30 0.12

NOTE. Odds ratios for catheter versus AV access use
uring follow-up kinetic modeling sessions. Multivariate
odel, controlling for clinical center. To convert albumin in
/dL to g/L, multiply by 10; creatinine in mg/dL to �mol/L,

ultiply by 88.4.
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LONGITUDINAL ACCESS CHANGES 473
elated death compared with patients using a
atheter at both times.

We also evaluated clinical factors that pre-
icted a subsequent change in vascular access.
uring the course of the study, change from an
V access to a catheter after at least 6 months of
ialysis with an AV access occurred on 484
ccasions. Conversely, change from a catheter to
n AV access after at least 6 months with a
atheter occurred on 172 occasions. Change from

Table 4. Association of Mortality R

Group Analyzed Covaria

ll randomized patients Case-mix
Full set of baseline covar
Full set of baseline covar

anthropometric volume
non–access-related ho

aseline cardiac disease Full set of baseline covar
o baseline cardiac disease Full set of baseline covar
iabetes Full set of baseline covar
o diabetes Full set of baseline covar

NOTE. Case-mix factors include age, sex, race, diabe
ncludes case-mix factors plus the additional baseline fac
isease, peripheral vascular disease, and Watson volume.
tratified by clinical center.
*P � 0.001.

Table 5. Association of Mortality Risk

Group Analyzed Covariate Adjustment

ll randomized patients Case-mix
Full set of baseline covariat
Full set of baseline covariat

follow-up albumin,
anthropometric volume,
systolic blood pressure, a
non–access-related
hospitalization rate

aseline cardiac disease Full set of baseline covariat
o baseline cardiac disease Full set of baseline covariat
iabetes Full set of baseline covariat
o diabetes Full set of baseline covariat

NOTE. Reference group consists of patients with an AV
iabetic status, and years on dialysis therapy. Full set of c
actors albumin level, creatinine level, comorbidity index, ca
ll analyses adjusted for randomized treatment group an
witches from a catheter to an AV access compared with
.74) with case-mix adjustment only, 0.48 (95% CI, 0.26 t

95% CI, 0.21 to 0.81) adjusting for both the full set of baseline cov
n AV access to a catheter was associated signifi-
antly with an antecedent decrease in serum
lbumin level, weight loss, decrease in protein
atabolic rate, or increase in frequency of hospi-
alization (Table 6). Conversely, change from a
atheter to an AV access correlated with the
ntecedent frequency of hospitalization, but was
ot associated significantly with changes in se-
um albumin level, weight, or protein catabolic
ate (Table 7).

h Catheter Versus AV Access Use

stment Relative Risk 95% CI

2.97* 2.43-3.64
2.51* 2.05-3.08

follow-up albumin level,
lic blood pressure, and
ation rate

1.59* 1.28-1.98

2.59* 2.09-3.22
1.90 0.88-4.07
3.11* 2.31-4.17
2.08* 1.52-2.84

us, and years on dialysis therapy. Full set of covariates
lbumin level, creatinine level, comorbidity index, cardiac
lyses were adjusted for randomized treatment group and

hange in Access Type During 1 Year

Change From AV
Access to Catheter

Change From
Catheter to AV

Access
Catheter at Both

Times

RR 95% CI RR 95% CI RR 95% CI

2.38 1.76-3.23 1.37 0.81-2.32 3.43 2.42-4.86
2.15 1.58-2.92 1.31 0.77-2.22 2.73 1.92-3.87
2.05 1.48-2.86 1.08 0.60-1.95 2.61 1.79-3.82

2.04 1.46-2.86 1.46 0.84-2.54 2.89 1.99-4.19
2.39 0.96-5.96 0.47 0.06-3.75 3.08 0.62-15.22
2.40 1.57-3.68 1.12 0.48-2.60 3.96 2.32-6.77
2.14 1.32-3.45 1.63 0.81-3.29 2.03 1.21-3.40

s at both times. Case-mix factors include age, sex, race,
tes includes case-mix factors plus the additional baseline
isease, peripheral vascular disease, and Watson volume.
fied by clinical center. In the full cohort, relative risks for
s using catheters at both times are 0.40 (95% CI, 0.22 to
adjusting for the full set of baseline covariates, and 0.41
isk Wit

te Adju

iates
iates �
, systo
spitaliz
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iates
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tors a
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rdiac d
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patient
o 0.88)
ariates and follow-up covariates.
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ALLON ET AL474
Finally, we also related use of a catheter to
RP level during the period starting on Septem-
er 1, 1999, at which point monthly CRP mea-
urements were added to the protocol of the
EMO trial. During this period, the odds of

atheter use were associated inversely with the
ost recent CRP measurement: each 2-fold

reater CRP level was associated with a 10%
eduction in the odds of catheter use (95% CI,
.83 to 0.97; P � 0.009) after controlling for
ase-mix factors and baseline anthropometric
olume. In analyses analogous to those listed in
ables 6 and 7, the slope of log-transformed CRP
uring 6-month periods was not associated with
ither the odds of switching from an AV access to
catheter (P � 0.44) or the odds of switching

rom a catheter to an AV access (P � 0.32).

DISCUSSION

The present study documents that patients
ialyzing with catheters differ from those using

Table 6. Predictors of Change From an AV Access

Factor

-Month albumin change (/0.5-g/dL decrease)
-Month posthemodialysis weight change (/2-kg decrease)
-Month equilibrated normalized protein catabolic rate
change (/0.25-g/kg/d decrease)

-Month non–access-related hospitalization rate
(/1 additional hospitalization over 4 mo)

NOTE. Changes in albumin level, postdialysis weight, an
s the difference between the most recent monthly value (
onthly values obtained 4, 5, and 6 months earlier. Patients
f using an AV access on 484 occasions. Each listed fact
andomized group, age, sex, race, diabetic status, years on
ardiac disease, and peripheral vascular disease. To conve

Table 7. Predictors of Change From a Catheter to an

Factor

-Month albumin change (/0.5-g/dL increase)
-Month posthemodialysis weight change (/2-kg increase)
-Month equilibrated normalized protein catabolic rate
change (/0.25-g/kg/d increase)

-Month non–access-related hospitalization rate
(/1 additional hospitalization over 4 mo)

NOTE. Changes in albumin level, postdialysis weight, an
s the difference between the most recent monthly value (w
f 3 monthly values obtained 4, 5, and 6 months earlier. P

east 6 months of using a venous catheter on 172 occasion
aseline factors randomized group, age, sex, race, diabetic

atson volume, cardiac disease, and peripheral vascular disease
n AV access in several baseline characteristics
Table 2). Although the likelihood of dialysis
ith a catheter was nearly 2-fold greater in
omen than men on univariate analysis, this

ssociation was no longer evident on multiple
ariable analysis (Table 3). Previous analysis of
esults from the HEMO Study and studies by
ther investigators suggested that differences in
utcomes between female and male hemodialy-
is patients may be attributable in part to differ-
nces in anthropometric volume.10 Thus, it is
ikely that the greater catheter use in female
emodialysis patients was caused by their lower
rea volume.
We also confirm increased risk for mortality in

atients dialyzing with a catheter compared with
hose using an AV access (fistula or graft), in
greement with other investigators.1-5 Several
actors associated with catheter use (sex, race,
omorbidity, serum creatinine level, anthropomet-
ic volume, and baseline serum albumin level)

atheter After at Least 6 Months With an AV Access

Odds Ratio 95% CI P

1.25 1.09-1.45 0.002
1.14 1.06-1.22 �0.001

2.22 1.41-3.57 �0.001

1.19 1.06-1.32 0.002

ilibrated normalized protein catabolic rate were calculated
he patient remained on an AV access) and the mean of 3
ed from an AV access to a catheter after at least 6 months
analyzed individually, controlling for the baseline factors

is therapy, albumin level, creatinine level, Watson volume,
min in g/dL to g/L, multiply by 10.

cess After at Least 6 Months With a Venous Catheter

Odds Ratio 95% CI P

0.97 0.93-1.01 0.17
0.99 0.97-1.01 0.41

0.87 0.76-1.01 0.06

0.93 0.89-0.97 �0.001

ilibrated normalized protein catabolic rate were calculated
e patient remained using a venous catheter) and the mean
changed from a venous catheter to an AV access after at
h listed factor was analyzed individually, controlling for the
, years on dialysis therapy, albumin level, creatinine level,
to a C

d equ
while t
chang

or was
dialys
AV Ac

d equ
hile th

atients
s. Eac
status
. To convert albumin in g/dL to g/L, multiply by 10.
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re themselves associated with patient mortal-
ty.6,11-13 Thus, the increased risk for mortality in
atheter patients could be caused by either cath-
ter-related complications or other patient fac-
ors associated with having a catheter. The rela-
ive risk for mortality associated with catheters
as attenuated from 2.97 with adjustment for
nly case-mix factors to 1.59 after adjustment for
he full set of baseline factors and follow-up
erum albumin level, systolic blood pressure,
nthropometric volume, and non–access-related
ospitalization rate. However, persistence of a
ignificant association between mortality and
atheter use after adjustment for these factors
Table 4) suggests that catheter use is an indepen-
ent predictor of patient mortality.
To further evaluate this question, we investi-

ated the association of mortality risk with change
n type of vascular access during the preceding
-year interval. Our analysis shows that change
rom an AV access to a catheter was associated
ith increased risk for mortality compared with
atients who used an AV access at both times.
onversely, change from a catheter to an AV
ccess was associated with decreased risk for
ortality compared with patients using a cath-

ter at both times (Table 5). This association does
ot prove a causal effect of access type on
ortality risk because it is possible that changes

n access type are a marker for changes in other
actors that influence mortality risk. However, by
elating mortality risk to change in access, our
nalyses should decrease the risk for confound-
ng from patient characteristics that are consis-
ent over time. Thus, the finding that mortality
isk is associated with change in access type adds
dditional support to the body of observational
vidence suggesting that the catheter itself, at
east in part, contributes to excess mortality in
emodialysis patients.
Finally, to evaluate the possibility that change

n access type is a marker for changes in other
actors, we undertook additional analyses to un-
erstand which factors are predictive of change
n access. Change from an AV access to a cath-
ter was associated with antecedent (during the
revious 6 months) changes in markers of malnu-
rition or inflammation (serum albumin level, pro-
ein catabolic rate, and patient weight), as well as
n increase in hospitalization rate (Table 6). A

ecrease in serum albumin level or body mass p
ndex during a 6-month period is predictive of
ncreased hemodialysis patient mortality.12 Thus,
evelopment of malnutrition is associated simul-
aneously with both increased AV access failure
nd patient mortality. Conversely, change from a
atheter to an AV access was predicted by a
ower hospitalization rate, but not by nutritional
r inflammatory markers (Table 7).

How might catheter use impact on patient
ortality? It is well documented that infections

re much more common in catheter-dependent
atients than those using an AV access.3,14,15

atheter-related bacteremia and its metastatic
omplications (eg, endocarditis) can result in
nfection-related death.16 However, dialysis with
catheter also was associated with an increase in
oninfectious causes of mortality, in particular,
ardiovascular deaths. Hemodialysis patients fre-
uently have increased levels of inflammatory
arkers, which, in turn, predict increased risk for

eath or cardiovascular events.17 One could pos-
ulate that the presence of a catheter in itself
ncreases inflammation, thereby contributing to
n increase in mortality. However, the inverse
elationship between CRP level and the likeli-
ood of catheter use that we observed appears to
rgue against such a mechanism. Similarly, lack
f change in CRP levels when patients switched
rom an AV access to a catheter is inconsistent
ith this hypothesis. Thus, the precise mecha-
ism by which change in access type influences
atient mortality remains to be elucidated.
The proportion of patients in the HEMO Study

sing a catheter (�5%) was considerably less
han that present in the prevalent and incident US
emodialysis populations (�25% and 65%, re-
pectively).18,19 This discrepancy is explained
rimarily by the requirement to achieve the high
arget Kt/V within 4.5 hours and the lower dialy-
is blood flow that can be achieved with a cath-
ter than with an AV access.

To simplify the time-dependent Cox regres-
ion analyses, we used access type recorded at
he beginning and end of the 1-year period regard-
ess of access changes in the course of that time.
ensitivity analyses designating separate catego-
ies of patients for different patterns of multiple
hanges did not alter the conclusions of the
nalyses presented in this report.

The possible implications of catheter use for

atient survival are staggering. Changing a pa-
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ient’s access from a catheter to an AV access
ay decrease the patient’s mortality risk by
ore than 50% compared with patients who

emain using a catheter (Table 5). This magni-
ude of risk reduction is similar to that attributed
o increases in Kt/V13,20 or hemoglobin level21

r decreases in serum phosphorus level.22 This
bservation also should provide a strong motiva-
ion for establishing an AV access in predialysis
atients. The excess mortality of US hemodialy-
is patients compared with those in Europe and
apan may be attributable in part to greater
atheter use in the United States.

Aggressive efforts to increase the proportion
f US patients dialyzing with a fistula resulted in
concurrent increase in catheter-dependent pa-

ients. Specifically, although the prevalence of
stula use increased from 27% to 33% between
998 and 2002, the proportion of catheters in-
reased from 19% to 27%.23 Decreasing the
revalence of catheters requires both increased
redialysis placement of fistulae and concerted
fforts to salvage immature fistulae with radio-
ogical or surgical interventions.24 A number of
ecent investigations observed a relatively high
uccess rate in converting immature fistulae to
nes usable for dialysis by using this ap-
roach.25-28 Widespread implementation of such
pproaches can substantially decrease dialysis
atheter use.
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