INTERNAL @ MEDICINE

| ORIGINALARTICLED

The Type of Vascular Access and the Incidence of Mortality
in Japanese Dialysis Patients

Toshikazu Ozeki', Hideaki Shimizu', Yoshiro Fujita®, Daijo Inaguma®, Shoichi Maruyama®,
Yukako Ohyama', Shun Minatoguchi', Yukari Murai', Maho Terashita' and Tomoki Tagaya'

Abstract

Objective The National Kidney Foundation (NKF) Kidney Disease Outcome Quality Initiative (KDOQI)
guidelines have recommended the use of arteriovenous fistula (AVF) at the initiation of dialysis. However,
there are significant differences in the dialysis environments of Japan and the United States, and there are few
people who receive hemodialysis via a central venous catheter (CVC) in Japan. The aim of the present study
was to examine the association between the type of vascular access at the initiation of dialysis and the inci-
dence of mortality in Japan.

Methods This study was a prospective, multicenter, cohort study. The data was collected by the Aichi Co-
hort study of Prognosis in Patients newly initiated into dialysis (AICOPP) in which 18 Japanese tertiary care
centers participated. The present study enrolled 1,524 patients who were newly introduced to dialysis (the pa-
tients started maintenance dialysis between October 2011 and September 2013). After excluding 183 patients
with missing data, 1,341 patients were enrolled. The Cox proportional hazards model was used to evaluate
mortality based on the type of vascular access. The types of vascular access were divided into four categories:
AVEF, arteriovenous graft (AVG), CVC changed to AVF during the course (CAVF), CVC changed to AVG
during the course (CAVG).

Results A multivariate analysis revealed that AVG, CAVF and CAVG were associated with a higher risk of
mortality in comparison to AVF [hazard ratio (HR), 1.60; p=0.048; HR, 2.26; p= 0.003; and HR, 2.45; p=
0.001, respectively].

Conclusion The research proved that the survival rate among patients in whom hemodialysis was initiated
with AVF was significantly higher than that in patients in whom hemodialysis was initiated with AVG or
CVC.
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Introduction

The National Kidney Foundation’s Kidney Disease Out-
comes Quality Initiative (KDOQI) Clinical Practice Guide-
lines for Vascular Access (1) and the European guidelines
for vascular access (2) state that the preferred type of per-
manent vascular access for hemodialysis patients is an arte-
riovenous fistula (AVF). Prior studies have reported that cen-

(AVGs) are associated with a higher risk of mortality in
hemodialysis patients than AVFs (3-10). This has resulted in
a large increase in AVF use in the United States (11). How-
ever, it has been reported that there are significant differ-
ences in the dialysis environments of Japan and the United
States. In Japan, there is a high rate of AVF usage (91%)
and a low rate of CVC usage (1% to 2%) (11, 12), while
the risk of mortality in U.S. hemodialysis patients is higher
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newly initiated dialysis between
the October 1, 2011, and
September 30, 2013 (n=1524)

183 excluded

* 105 peritoneal dialysis

* 24 died within 90 days of
initiating dialysis

* 54 missing data

Cohort analyzed (n=1341)

104 follow-end

« 70 transferred to the different
hospital

* 1 received kidney transplant

* 6 withdrew from dialysis

« 27 contact has been lost

followed-up until death or until the March 31, 2015 (n=1237) ‘

Figure 1. A flow diagram of the present study.

than that in Japanese patients (8). Japanese hemodialysis pa-
tients show excellent survival in comparison to patients from
other countries (13). Robinson et al. reported that the low
proportion of renal transplant patients and the higher num-
ber of young hemodialysis patients might contribute to the
low mortality rate among hemodialysis patients in Ja-
pan (14).

In Japan, dialysis is performed using a low single-pool
Kt/V long dialysis time with low blood flow and a dialyzer
membrane with a low surface area; the rate of synthetic
polymer membrane usage is low (15). These elements con-
tribute to the low rate of mortality in Japanese dialysis pa-
tients.

The relationship between mortality and the type of initial
vascular access in Japanese hemodialysis patients has not
been reported. The aim of this study was to examine the as-
sociation between the type of vascular access at the initia-
tion of dialysis and mortality in Japan.

Materials and Methods

Study design, setting and participants

This study was a prospective, multicenter, cohort study.
We examined 1,524 Chronic Kidney Disease patients who
were >20 years of age and who had been newly introduced
to dialysis between October, 2011, and September, 2013, at
17 institutions that were affiliated with our study. For the
survival analysis, patients were followed-up until death or
until March, 2015. Patients who stopped dialysis while in
the hospital, died in the hospital, or who did not agree to be
registered were excluded from the present study (Fig. 1).

This study was registered at the University Hospital
Medical Information Network-Clinical Registry
(UMIN-CTR) UMIN
C000007096. Permission for the use of medical records was
obtained from the institutional review board of each institu-
tion.

Trials

under trial identification no.

Data collection

The data for each patient were collected by the dialysis
provider at the initiation of dialysis and every six months
thereafter. Blood and urine sampling was performed before
the first dialysis session at the initiation of dialysis. The pa-
tients’ medical data, including their age, sex, BMI, medical
history, comorbidities, the length of nephrology follow-up,
and hematological data were obtained from the medical re-
cords compiled by the participating nephrologists. The BMI
was calculated using the height and weight values that were
collected at the start of dialysis. The estimated glomerular
filtration rate (eGFR) was calculated using the following
equation: eGFR (mL/min/1.73 m’) = 194x serum
creatinine” **x age®™ x0.739 (if woman). Diabetes mellitus
was defined by an HbAlc value of >6.5%, the use of medi-
cations to treat diabetes mellitus, or a past medical history
of diabetes mellitus. Coronary artery disease was defined by
a recorded or patient-reported history of myocardial infarc-
tion, percutaneous coronary intervention (PCI), or coronary
artery bypass graft surgery (CABG). Peripheral artery dis-
ease (PAD) was defined by a recorded or patient-reported
history of a resting ABI value of <0.90, a post-exercise ABI
decrease of >20% in at least one leg, rest pain or gangrene/
ulcers, with signs of intermittent claudication. The type of
vascular access was divided into four groups: AVF, AVG,
CVC changed to AVF during the course (CAVF), and CVC
changed to AVG during the course (CAVG).

Statistical methods

Univariate analyses were carried out using the Pearson ’
test or the Kruskall-Wallis test as appropriate. Kaplan-Meier
plots were used to examine the association between the du-
ration of vascular access and survival. Differences between
the groups were analyzed using the log-rank test. A multi-
variate survival analysis was carried out using a Cox propor-
tional hazards model. The explanatory variables that were
included in the Cox regression analysis were age, sex, BMI,
serum albumin, serum Hb, eGFR, primary renal diagnosis,
the number of days from the first nephrology follow-up ex-
amination to the initial dialysis date. All of the statistical
analyses were performed using the SPSS (version 22.0.0)
software program. p values of <0.05 were considered to in-
dicate statistical significance.

Results

From the total of 1,524 patients, 1,341 patients were en-
rolled and 183 patients were excluded for the following rea-
sons: they received peritoneal dialysis (n=105); missing data
(n=54); or the patient died within 90 days of the initiation
of dialysis (n=24). One hundred four patients could not be
followed until the completion of the study for the following
reasons: the patient was transferred to a different hospital
(n=70); the patient received a kidney transplant (n=1); the
patient was withdrawn from dialysis (n=6); and loss of con-
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Table 1. The Baseline Characteristics of the Study Population at the Initiation of Hemodialysis.
Characteristics AVF([n=975) AVG(n=90) CAVF(n=218) CVAVG(n=58) p value
Age(years) (mean, SD) 67.8(12.8) 69.9(12.6) 67.5(13.4) 73.2(10.7)  0.002
Male sex (n, %) 695(71.3) 45(50.0) 131(60.1) 30(51.7)  <0.001
Diabetes mellitus (n, %) 525(53.8) 45(50.0) 102(46.8) 31(534) 0279
Peripheral artery disease (n, %) 45(4.6) 7(7.8) 7(3.2) 46.9) 0304
Coronary artery disease (n, %) 166(17.0) 19(21.3) 28(12.8) 12(21.0) 0.208
Body mass index (mean, SD) 23.6(4.0) 24.6(5.0) 22.6(4.6) 23.3(4.8)  <0.001
Hemoglobin(g/L) (mean, SD) 9.5(1.4) 9.1(1.5) 8.7(2.0) 9.0(1.6)  <0.001
Creatinine (mg/dL) (mean, SD) 9.0 (3.0) 8.4(2.5) 9.3 (4.5) 8.1(3.2) 0017
ggR (mL/min per 1.73 nr’) (mean, 5.3(1.9) 5.4(1.9) 5.5(2.5) 62(4.4)  0.850
Serum albumin (g/L) (mean, SD) 3.2(0.6) 3.2(0.5) 2.9(0.7) 2.8(0.5)  <0.001
Z‘;;a:)io?ni’;f;g“ephmlogy care 1,065.5(1337.0)  1,089.7(1036.9) 611.6(873.0) 610.5(873.0)  <0.001
Duration from the creation of blood
access to the initiation of 126.4(201.8) 80.63(190.0) 36.1(96.0) 10.15 (18.4) <0.001
hemodialysis (days) (mean, SD)
Primary renal diagnosis (n, %) 0.044
Glomerulonephritis 160(16.4) 7(7.8) 37(16.9) 8(13.8)
Diabetes 444(45.5) 42(46.7) 85(39.0) 27(46.6)
Hypertension/renal vascular disease 253(25.9) 21(23.3) 58(26.6) 18(31.0)
Polycystic kidney disease 37(3.8) 3(3.3) 2(0.9) 0(0.0)
Other 49(5.0) 9(10.0) 19(8.7) 4(6.9)
Unknown 32(3.3) 8(8.9) 17(7.8) 1(1.7)
ESRD: end stage renal disease
Lo Table 1 shows the baseline characteristics of the patients.
The patients in the AVF and CAVF groups tended to be
younger than those in the AVG and CAVG groups. The pa-
§ 1 . tients in the AVF group were more likely to be men. There
T;; T b was a significant association between the duration of neph-
B os rology care for pre-end-stage renal disease (pre-ESRD) and
3 the type of vascular access (p<0.001). The patients with pre-
E 0 ESRD in the AVF and AVG groups received nephrology
L; BAVF care for a longer duration of time than those in the CAVG
g HAVG and CAVG groups.
O .gixg The median observation period was 819 days (mean, 812
days; standard deviation, 276). Two hundred thirty-four pa-
0.0 tients died over during the follow-up period.

.0 25:).0 SDID.U 75:]0 IDDID.O ‘_ZSIO,O
Survival time (days)

Figure 2. The Kaplan-Meier survival curves according to the
type of vascular access. A Kaplan-Meier analysis showed that
patients in the AVG, CAVF and CAVG group had significantly
worse survival in comparison to those in the AVF group (p=0.00
log-rank test).

tact (n=27).

In the first session, hemodialysis was initiated with AVF
(m=975; 72.7%), AVG (n=90, 6.7%), or CVC (n=276,
20.5%). Among the patients in whom hemodialysis was ini-
tiated with CVC, 58 patients were changed to AVG and 218
patients were changed to AVF.

The Kaplan-Meier survival curves are shown in Fig. 2.
There was a significant difference among the groups (p<
0.001, log-rank test). A Cox regression model was created to
investigate the relationship between the type of vascular ac-
cess and all-cause mortality. The following factors were in-
cluded in the multivariable model: age, sex, primary renal
diagnosis, BMI, serum Hb, serum Alb, eGFR and the dura-
tion of pre-ESRD nephrology care (Table 2).

The multivariate analysis revealed that AVG was associ-
ated with a higher risk of mortality than AVF [hazard ratio
(HR), 1.60; p=0.048]. CAVG and CAVF were also associ-
ated with a higher risk of mortality in comparison to AVF
(HR, 2.26; p=0.001; and HR, 1.65; p=0.003, respectively).
No significant differences were observed between AVG and
CAVF (HR, 1.03; p=0.904) or CAVG (HR, 1.42; p=0.261).
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Table 2. The Association between the Different
Types of Vascular Access with Patient Mortality
as Determined by a Cox Proportional Hazards
Model Adjusted for Age, Sex, BMI, Primary Re-
nal Diagnosis, Serum Albumin, Serum Hb, eGFR,
Duration of pre ESRD Nephrology Care.

HR(95% CI) p value
AVF Reference <0.001
AVG 1.600 ( 1.005-2.548) 0.048
CAVF 1.652 (1.181-2.311) 0.003
CAVG 2.264 (1.424-3.599) 0.001

BMI: body mass index, ESRD: end stage renal disease

The numbers of patients whose vascular access was cre-
ated more than 30 days prior to the first hemodialysis ses-
sion were as follows AVF (n=660); AVG (n=30); and CVC
(n=12). Similarly, the patients in the AVG group also
showed a higher risk of mortality in comparison to the AVF
group in a multivariate analysis in which the patients in
whom vascular access had been prepared before the initia-
tion of dialysis were excluded (HR, 1.87; 95% CI, 1.07-
3.27; p=0.027). Furthermore, CAVG and CAVF both had a
higher risk of mortality than AVF (HR, 2.75; 95% CI, 1.65-
4.57; p=0.001 and HR, 1.55; 95% CI, 1.04-2.31; p=0.031,
respectively).

Discussion

The results of the present study proved that hemodialysis
initiated with AVG or CVC was associated with a signifi-
cantly higher risk of mortality than hemodialysis initiated
with AVFE. In addition, this study proved that in Japan, the
proportion of people in whom dialysis was initiated by AVF
was greater than that in other countries.

There are significant differences in the dialysis environ-
ments of Japan and the United States. The DOPPS study re-
vealed that the hemodialysis patients in the United States
have a higher prevalence of diabetes, cardiovascular disease
and other complications in comparison to Japan. The use of
CVC and AVG for vascular access is also quite high in the
United States. Furthermore, some patients in the United
States occasionally skip their dialysis treatments (16). This
situation, which appears to be associated with a higher risk
of mortality, does not happen in Japan. It is therefore un-
clear whether we can adapt the recommendation of ‘AVF
first’ to dialysis patients in Japan.

This study proved that hemodialysis initiated with AVG
and CVC was associated with a significantly higher risk of
mortality in comparison to AVF. Although numerous studies
have discussed the relationship between vascular access and
mortality (17-20), the present study represents the first time
an investigation into this relationship has been conducted in
Japan. The reason why patients in whom hemodialysis is
initiated with CVC and with AVG show a worse mortality
rate is thought to involve the higher incidence of adverse ef-
fects (such as infectious disease, and vascular injury) that

are associated with these modes of access (21, 22). AVF is
known to be associated with lower rates of infection than
AVG and CVC, and vascular access infection has the poten-
tial to lead to death (21). AVG has been associated with
higher rates of access thrombosis. Furthermore, AVG is as-
sociated with a higher relative risk of hospitalization than
AVF (22). In this study, we could not obtain details on hos-
pitalization, vascular access infection or access thrombosis.
Thus we were unable to elucidate the reason(s) why AVF
was associated with a lower rate of mortality. One possible
reason for a poor prognosis in cases in which a catheter
used in the first hemodialysis session was changed to AVF
(in comparison to AVF alone) is that the catheter used in the
first hemodialysis causes an increased risk of catheter-related
complications, even after it is removed. There is a case in
which a patient suffered delayed complications after stand-
ing, long after the hemodialysis catheter was removed (23).
AVF was prepared before the initiation of dialysis, in an or-
ganized manner, according to the physicians’ suggestion. It
was therefore unclear whether AVF itself was superior to
AVG/CAC or whether AVF was just one of the markers for
patients with a high compliance to medical practice. In order
to eliminate this concern, we excluded the patients whose
vascular access was created more than 30 days prior to the
first hemodialysis session and performed a multivariate
analysis. However, we did not find any significant differ-
ences in the mortality rates of the groups. This result
showed that vascular access might have a more important
role in the prognosis than the timing of its creation.

The present study proved that in Japan, the proportion of
patients in whom dialysis was initiated by AVF was larger
than that in other countries. Ethier et al. reported that the
proportion of patients in whom dialysis was initiated by
AVF was larger than that in other European and North
American countries (11). The present study supports the
findings of the previous study. The fact that hemodialysis is
initiated by AVF in a larger number of patients may be a
reason why Japanese dialysis patients live longer than dialy-
sis patients in other countries.

There present study is associated with a number of limita-
tions. First, it was a prospective cohort study. Second, we
could not determine the cause of death in the majority of
the cases due to missing data. It is commonly thought that
CVC and AVG are associated with a higher risk of infec-
tion (16, 17); however, we could not be assess this point in
the present study.

In summary, the present study proved that hemodialysis
initiated with AVF was associated with a significantly higher
survival rate than hemodialysis initiated with AVG and
CVC.
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