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Arteriovenous fistulas are associated with superior outcomes
in very elderly hemodialysis patients: a nationwide cohort study
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In this large-scale study, AVF use was associated with superior patency and lower mortality compared with AVG in

Conclusion patients aged > 80 years. These findings suggest that AVF remains a beneficial option for appropriately selected KJ I M ~‘

elderly patients and that age alone should not be a primary barrier to its creation.

Background/Aims: The optimal vascular access strategy for very elderly patients initiating hemodialysis (HD) remains un-
clear. Arteriovenous fistulas (AVFs) offer long-term benefits but may be limited due to vascular aging. This study evaluated
vascular access outcomes in patients aged > 80 years.

Methods: We conducted a retrospective cohort study using data from the Korean National Health Insurance Service be-
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tween 2008 and 2019. Patients aged > 80 years who initiated HD with a newly created AVF or arteriovenous graft (AVG)
were included. Primary outcomes were primary, assisted primary, and secondary patency. The secondary outcome was all-
cause mortality. Outcomes were compared using Kaplan—Meier analysis and multivariable Cox regression.

Results: Among 8,487 patients, 5,124 (60.4%) received AVFs (AVF group) and 3,363 (39.6%) received AVGs (AVG group).
AVFs were associated with significantly lower rates of patency loss across all definitions. The adjusted hazard ratios (HRs)
for AVG vs. AVF were 1.76 (95% confidence interval [Cl], 1.67-1.86) for primary patency loss, 1.90 (95% Cl, 1.77-2.03) for
assisted primary, and 3.18 (95% Cl, 2.81-3.61) for secondary patency loss. All-cause mortality was also higher in the AVG
group (adjusted HR, 1.24; 95% Cl, 1.17-1.30).

Conclusions: In this large-scale study, AVF use was associated with superior patency and lower mortality compared with
AVG in patients aged > 80 years. These findings suggest that AVF remains a beneficial option for appropriately selected el-

derly patients and that age alone should not be a primary barrier to its creation.
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INTRODUCTION

The global rise in life expectancy has led to a growing num-
ber of elderly patients initiating dialysis, posing unique chal-
lenges in their clinical management [1,2]. In Korea, recent
data from the Korean Renal Data System (KORDS) showed
that over half of all incident dialysis patients were > 65
years of age, with a significant and continuing increase in
the population aged > 80 years [3]. Vascular access (VA)
remains a critical determinant of dialysis adequacy, compli-
cations, and survival, yet the optimal VA strategy in the very
elderly remains controversial.

Arteriovenous fistulas (AVFs) have long been considered
the preferred access modality due to superior long-term pa-
tency, lower infection risk, and reduced mortality compared
with arteriovenous grafts (AVGs) or central venous catheters
(CVCs) [4]. However, in elderly populations, particularly oc-
togenarians, AVF maturation is often delayed or unsuccess-
ful due to age-related vascular changes and comorbidities
such as diabetes and peripheral artery disease. In a seminal
study of older adults, Lok et al. [5] reported that maturation
failure accounted for ~49% of AVF failures—comparable to
thrombosis/stenosis (43.9%)—highlighting the unique chal-
lenges of AVF creation in this age group. These limitations
have raised concerns regarding the universal applicability of
the “Fistula First” initiative in older adults [4,6-10].

This issue has been examined in several studies with
mixed findings. While some reports suggest comparable
or even favorable outcomes with AVFs in elderly patients
when preoperative assessment is thorough and vessel qual-
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ity is adequate [5,11-13], others highlight high failure rates
and prolonged catheter dependence, particularly in frail or
comorbid individuals, were reported in other studies [6,14-
16]. Recent guidelines, including the 2019 Kidney Disease
Outcomes Quality Initiative (KDOQI) VA update, advocate
for a “Patient First” approach, emphasizing individualized
access planning based on life expectancy, functional status,
vascular anatomy, and patient preference [9,10,17].

Despite increasing attention, real-world data on VA out-
comes in patients > 80 years of age remain limited, especially
from East Asian populations. Furthermore, few studies have
simultaneously evaluated both patency metrics and survival
outcomes across different VA types in this age group.

Therefore, the purpose of this study was to determine
whether, among Korean patients aged > 80 years initiat-
ing hemodialysis (HD), creation of AVF is associated with
superior vascular patency and overall survival compared
with AVG. We hypothesized a priori that AVF would confer
longer vascular patency as well as lower all-cause mortality,
than AVG in this very elderly population. Our findings aim to
inform clinical decision-making and support individualized
VA strategies for the very elderly.

METHODS

Data sources and study population

This study utilized data from the Korean National Health
Insurance Service (NHIS) database between January 2008
and December 2019. The dataset includes demographic
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information, ICD-10 diagnostic codes, procedure codes,
prescription records, inpatient and outpatient claims, and
mortality data. Lifestyle factors such as smoking status, alco-
hol consumption, and basic laboratory values were obtained
from the national health screening database.

The study protocol was approved by the local Institutional
Review Board (IRB No. 2020-0576) of Asan Medical Center,
and the requirement for informed consent was waived due
to the retrospective design. All procedures adhered to na-
tional regulations and ethical standards.

We identified patients diagnosed with end-stage kidney
disease who received maintenance HD using a three-part
algorithm to enhance specificity. First, individuals were re-
quired to have the Korean Rare and Intractable Disease spe-
cial-exemption code V001, which is issued to patients certi-
fied as requiring maintenance HD. Second, we required at
least one diagnosis of chronic kidney disease (ICD-10 code
N18) during the ascertainment window. Third, to confirm
ongoing treatment and reduce misclassification, we re-

KNHIS database
Patients with ESKD receiving HD
Between January 1, 2009 and December 31, 2019
N = 191,503

Adult patients with incident ESKD
initiating maintenance HD
N = 151,391

Adult ESKD patients initiating HD
with newly created vascular access
N = 86,036

v

Age < 80 years
N = 77,549
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quired > 2 claims for HD procedures (07020, 07021, or
09991) recorded at least 90 days apart after the index date.
The cohort explicitly includes patients who may have initi-
ated dialysis with a CVC before receiving their permanent
access. Patients with evidence of peritoneal dialysis (V003)
or kidney transplantation (V005, R3280, or Z94.0) before or
within 90 days of the index date were excluded. We also ex-
cluded those who had undergone HD or VA creation during
the look-back period (calendar year 2008), younger than 19
years, or had received HD for > 3 months prior to the index
date. This combined approach is a standard and validated
method in claims-based research to minimized the inclusion
of patients with acute kidney injury or non-dialysis CKD [18-
20]. A visual summary of cohort selection is presented in
Figure 1.

Clinical variables and risk factors
Comorbidities were identified using ICD-10 codes recorded
within one year before the index date. Hypertension was

40,112 Excluded

® 72 patients with missing eligibility data linkage

* 489 patients aged < 19 years

® 39,551 patients with maintenance HD during look-back period
(= 3 months in 2008)

65,355 Excluded
® 821 patients with AVF or AVG procedures during look-back period

——————— - * 64,534 patients without documented AVF or AVG procedure codes

during study period

Age > 80 years
N = 8,487

v v v

AVF AVG AVF
N = 59,055 N =18,494 N =5,124

v

AVG
N = 3,363

Figure 1. Study cohort selection process. Flow diagram of patient selection from the Korean NHIS database, identifying adult ESKD pa-
tients initiating HD with newly created AVF or AVG. NHIS, National Health Insurance Service; ESKD, end-stage kidney disease; HD, hemo-

dialysis; AVF, arteriovenous fistula; AVG, arteriovenous graft.
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defined using 110 and diabetes mellitus using E10 or E11.
Cardiovascular conditions included coronary artery disease
(121, 122), peripheral vascular disease (170, 173), and cerebro-
vascular disease (163-166, 1678). Dyslipidemia was defined
using E78, and cancer was identified based on site-specific
malignancy codes. These definitions were consistent with
those used in our prior NHIS-based study [21].

Baseline use of antithrombotic agents was identified
using Anatomical Therapeutic Chemical codes. Novel oral
anticoagulants (NOACs) were captured with BOTAEQ7 (dab-
igatran) and BO1AF sub-codes (rivaroxaban, apixaban and
edoxaban), antiplatelet agents with BO1AC, and warfarin
with BOTAAO3.

The type of the facility in which each index HD claim was
generated was obtained from the provider classification
code that accompanies every NHIS claim. We collapsed the
original codes into three categories: tertiary hospital (code
01), general hospital (code 11) and others (including hospi-
tal, clinic and community health center).

Age was categorized into four groups: 18-64, 65-74,
75-84, and > 85 years. Health behavior variables such as
body mass index (BMI), smoking, and alcohol use were ob-
tained from the national health screening data. Because
these variables had > 60% missingness in this very elder-
ly, incident HD cohort, we used a three-model adjustment
strategy: Model 1 (age, sex), Model 2 (Model 1 + comor-
bidities and care-setting variables including hospital type;
excluding BMI, smoking, alcohol), and Model 3 (Model 2 +
BMI, smoking, alcohol modeled categorically with an explicit
“Not available” level). We did not perform multiple imputa-
tion due to the extent and likely non-random missingness in
screening-derived variables. This approach aligns with rec-
ommended transparent reporting of missing-data handling
in studies using routinely collected health data.

Definition of VA type

VA type was determined using initial procedure codes for
AVF (02011, 02012, 02081) or AVG (02082). The index
date was defined as that of initial VA creation. If both AVF
and AVG codes were recorded on the same date, the case
was classified as AVG. Only patients with clearly document-
ed access creation codes were included in the final cohort.

Assessment of study outcomes

The primary outcomes were VA-related patency measures.
The definitions of patency were based on the KDOQI guide-
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lines [17]. Primary patency was defined as the time from
access creation to the first occurrence of thrombosis or any
intervention to maintain or restore patency. Assisted pri-
mary patency was defined as the time from access creation
to access thrombosis. During this interval, interventions in-
tended to maintain patency were allowed without counting
as failure. Secondary patency was defined as the time to
permanent access abandonment, operationalized as either
the creation of a new access or the placement of a tun-
neled dialysis catheter (07011-07014) with no subsequent
removal within one year. Catheter placement alone did not
count as loss of primary or assisted primary patency. Tem-
porary catheterization followed by catheter removal was
considered maintenance of patency provided the original
access remained in use. We did not systematically quantify
the frequency or duration of CVC exposure as a covariate
or outcome. Catheter procedure codes were used solely to
operationalize outcome definitions.

To identify these outcomes, we used procedural codes
for percutaneous transluminal angioplasty (procedure code:
M6597), thrombectomy (M6632, M6633, M6639), surgi-
cal thrombectomy or revision (02083), and percutaneous
stent placement (M6605, M6613). Procedure codes for
new access creation (02011, 02012, 02081, 02082) were
also used. To minimize misclassification of non-HD-related
procedures, fistulography codes (HA731, HA711, HA712,
HA732, HA643) were used to exclude unrelated vascular
interventions such as interventions for renal arteries or il-
iofemoral arteries.

The secondary outcome was all-cause mortality, deter-
mined using NHIS death records. Patients were censored at
the first of death, outcome event, transition to peritoneal
dialysis (07061, 07062, 07071, O7072), kidney transplan-
tation (2940), or end of the study period (December 31,
2019).

Statistical analysis

Descriptive statistics are presented as frequencies and per-
centages for categorical variables and as means with stan-
dard deviations for continuous variables. Group compar-
isons were performed using Pearson’s chi-square test or
Student’s t-test/ANOVA, as appropriate.

Kaplan—Meier curves were used to estimate VA patency
and overall survival, with differences assessed using the log-
rank test. Cox proportional hazards models were used to
calculate adjusted hazard ratios (HRs) and 95% confidence
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Table 1. Baseline characteristics of patients stratified by age group and vascular access type

Characteristic AVF (n = 5,124) AVG (n = 3,363) p value

Age at VA formation (yr) 83.2+30 835+ 3.1 < 0.001
80-84 3,717 (72.5) 2,314 (68.8) < 0.001
> 85 1,407 (27.5) 1,049 (31.2)

Female 2,457 (48.0) 1,748 (52.0) <0.001

Comorbidities
Hypertension 4,678 (91.3) 3,105 (92.3) 0.092
Diabetes 2,965 (57.9) 2,183 (64.9) <0.001
CAD 171 (3.3) 133 (4.0) 0.134
Dyslipidemia 2,629 (51.3) 1,729 (51.4) 0.925
CVD 25(0.5) 7(0.5) 0.999
PVD 1,107 (21.6) 802 (23.8) 0.016
Atrial fibrillation 478 (9.3) 375 (11.2) 0.006
Cancer 702 (13.7) 467 (13.9) 0.808

Use of medication before creation date
NOAC 68 (1.3) 40(1.2) 0.580
Antiplatelet 3,171 (61.9) 2,231 (66.3) < 0.001
Warfarin 239(4.7) 182 (5.4) 0.121

Hospital type < 0.001
Tertiary hospitals 2,374 (46.3) 1,385 (41.2)

General hospitals 2,212 (43.2) 1,419 (42.2)
Others? 538(10.5) 559 (16.6)

Body mass index (kg/m?) 242 +3.6 239+3.8 0.111
<18.5 91 (1.8) 54 (1.6) 0.154
18.5-23 867 (16.9) 544 (16.2)

23-25 548 (10.7) 349(10.4)
25-30 630 (12.3) 324 (9.6)
>30 79 (1.5) 51(1.5)
Not available 2,909 (56.8) 2,041 (60.7)

Smoking 0.982
Yes 693 (13.5) 403 (12.0)

No 1,520 (29.7) 918 (27.3)
Not available 2,911 (56.8) 2,042 (60.7)

Alcohol use 0.695
Yes 327 (6.4) 182 (5.4)

No 1,883 (36.7) 1,139 (33.9)
Not available 2,914 (56.9) 2,042 (60.7)

Values are presented as mean + standard deviation or number (%).

AVF, arteriovenous fistula; AVG, arteriovenous graft; SD, standard deviation; VA, vascular access; CAD, coronary artery disease;
CVD, cerebrovascular disease; PVD, peripheral vascular disease; NOAC, novel oral anticoagulant.

A0thers include hospitals, clinics, and community health centers.
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intervals (Cls) for the associations between access type and
outcomes. A two-sided p value < 0.05 was considered sta-
tistically significant. All analyses were conducted using SAS
Enterprise Guide version 7.1 (SAS Institute Inc., Cary, NC,
USA).

RESULTS

Baseline characteristics of elderly HD patients
The baseline characteristics of the study population are
summarized in Table 1. Among the 8,487 patients aged
> 80 years who initiated HD with newly created VA, 5,124

Table 2. Adjusted HRs (95% Cls) of VA-related outcomes

KJIM™

(60.4%) underwent AVF creation (AVF group) and 3,363
(39.6%) underwent AVG placement (AVG group). The
mean age at the time of VA formation was significantly
higher in the AVG group compared with the AVF group
(83.5 vs. 83.2 years, p < 0.001). Females were more likely
to undergo AVG placement than AVF creation (52.0% vs.
48.0%, p < 0.001).

The prevalence of diabetes mellitus (64.9% vs. 57.9%, p
< 0.001), peripheral vascular disease (23.8% vs. 21.6%, p
=0.016), and atrial fibrillation (11.2% vs. 9.3%, p = 0.006)
was significantly higher in the AVG group than in the AVF
group. Patients in the AVG group were also more likely to
have received antiplatelet therapy prior to access creation

AVF (n = 5,124) AVG (n = 3,363) p value

Primary patency

No. of event 2,582 2,368

Sum of person years 7,047.6 2,668.0

Incidence rate for 100 person-years (95% Cl) 36.64 (35.24-38.08) 88.76 (85.22-92.40)

Crude HR (95% Cl) 1 (reference) 1.83(1.72-1.92) < 0.001

Model 12 1 (reference) 1.82 (1.72-1.92) < 0.001

Model 2° 1 (reference) 1.76 (1.67-1.86) <0.001

Model 39 1 (reference) 1.76 (1.67-1.87) < 0.001
Primary assisted patency

No. of event 1,571 1,659

Sum of person years 9,280.4 4,248 .1

Incidence rate for 100 person-years (95% Cl) 16.93 (16.10-17.79) 39.05 (37.20-40.98)

Crude HR (95% Cl) 1 (reference) 1.94 (1.81-2.07) <0.001

Model 12 1 (reference) 1.92 (1.79-2.06) < 0.001

Model 2° 1 (reference) 1.90 (1.77-2.03) <0.001

Model 39 1 (reference) 1.90 (1.77-2.03) < 0.001
Secondary patency

No. of event 381 671

Sum of person years 11,299.6 5,709.5

Incidence rate for 100 person-years (95% Cl) 3.37 (3.04-3.73) 11.75 (10.88-12.68)

Crude HR (95% Cl) 1 (reference) 3.19(2.81-3.62) <0.001

Model 12 1 (reference) 3.18 (2.80-3.60) < 0.001

Model 2° 1 (reference) 3.18 (2.81-3.61) <0.001

Model 39 1 (reference) 3.18 (2.80-3.60) < 0.001

HR, hazard ratio; Cl, confidence interval; VA, vascular access; AVF, arteriovenous fistula; AVG, arteriovenous graft.

AModel 1 was adjusted for age, sex. PModel 2 was adjusted for age, sex, hypertension, diabetes, coronary artery disease, dyslipi-
demia, cerebrovascular disease, peripheral vascular disease, cancer and type of VA creation hospital. “Model 3 was adjusted for
age, sex, hypertension, diabetes, coronary artery disease, dyslipidemia, cerebrovascular disease, peripheral vascular disease, cancer,
type of VA creation hospital, body mass index, smoking and alcohol use.
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than subjects in the AVF group (66.3% vs. 61.9%, p <
0.001). Other clinical variables, including BMI, smoking sta-
tus, and alcohol consumption, were comparable between
the two groups. AVF procedures were more frequently per-
formed at tertiary hospitals compared with AVG placement
(46.3% vs. 41.2%).

Comparison of patency outcomes between
AVF and AVG

Among patients aged > 80 years, AVF creation was associat-
ed with significantly better VA outcomes across all patency
definitions. The incidence rate of primary patency loss was
36.64 per 100 person-years in the AVF group compared
with 88.76 in the AVG group. Adjusted estimates are from
our prespecified primary model (Model 2). Estimates were
similar in Model 3 that additionally included BMI, smoking,
and alcohol (Table 2). After adjusting for relevant covariates,
the HR for primary patency loss with AVG vs. AVF was 1.76
(95% Cl, 1.67-1.86; p < 0.001). Similar associations were
observed for assisted primary patency (adjusted HR, 1.90;
95% Cl, 1.77-2.03) and secondary patency (adjusted HR,
3.18; 95% Cl, 2.81-3.61), indicating consistently superior
durability of AVFs in this population (Table 2). Effect esti-
mates from Model 3 (including BMI, smoking, alcohol) were

Table 3. Cumulative patency rates over time by vascular access
type

AVF AVG
(n=5,124) (n = 3,363)

Cumulative Primary patency rate (%)

At 6 months 65.5 58.2
1 year 56.4 39.7
2 years 46.8 18.3
5 years 339 35
Cumulative primary assisted patency rate (%)
At 6 months 79.7 75.3
1 year 74.8 62.5
2 years 68.6 46.2
5 years 58.3 21.7
Cumulative secondary patency rate (%)
At 6 months 95.9 94.0
1 year 94.1 88.0
2 years 92.3 78.6
5 years 88.9 56.1

AVF, arteriovenous fistula; AVG, arteriovenous graft.

158  www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 1, January 2026

directionally consistent with the primary Model 2 results,
supporting robustness to missing lifestyle data.

Cumulative patency rates over time

Cumulative patency analysis further demonstrated the long-
term advantages of AVF. At one year, the primary patency
rate was 56.4% in the AVF group and 39.7% in the AVG
group. At five years, these rates had declined to 33.9% and
3.5%, respectively. For assisted primary patency, the five-year
cumulative rate was 58.3% for AVF compared with 21.7%
for AVG. Secondary patency at five years remained marked-
ly higher in the AVF group (88.9%) than in the AVG group
(56.1%). These cumulative rates are presented in Table 3 and
visualized in Figure 2.

All-cause mortality

All-cause mortality was also significantly higher among pa-
tients with AVG. The incidence rate of death was 35.22 per
100 person-years in the AVG group compared with 27.52
in the AVF group. After adjustment for demographic and
clinical characteristics, AVG use remained independently as-
sociated with an increased risk of death (adjusted HR, 1.24;
95% Cl, 1.17-1.30; p < 0.001; Table 4).

DISCUSSION

This large, nationwide cohort study demonstrates that in
Korean patients aged > 80 years, AVF was associated with
substantially better patency and lower all-cause mortality
than AVG. This association remained robust after multi-
variable adjustment, reinforcing the clinical benefit of AVF
in the very elderly. Several factors may explain the superior
outcomes observed with AVF in our cohort of patients aged
> 80 years. In Korea, early nephrologist referral and routine
use of vascular mapping, often guided by ultrasound, are
common practices that may allow selective AVF creation in
patients with favorable vascular anatomy [22-25]. Further-
more, patients undergoing AVF creation may have better
overall functional and nutritional status, contributing to
both access durability and survival. In addition, center-level
practices such as multidisciplinary access planning and rou-
tine surveillance protocols may support higher AVF patency
[26]. Cultural and systemic factors including more frequent
follow-up and longer hospitalization periods may also have
facilitated early intervention for access-related complica-
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Years Years
Number at risk Number at risk
AVF 5124 2173 1,271 756 418 230 133 68 39 14 4 AVF 5124 2876 1,791 1,101 635 351 208 115 61 19 8
m AVG 3,363 951 299 12 37 10 5 4 2 0 E AVG 3,363 1,481 724 358 175 78 37 16 6 1 1
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(') ; '2 3' ; ;—, é '7 é ; 1'0 Figure 2. Kaplan—Meier curves for vascular access patency. Ka-
Years plan—Meier curves showing (A) primary, (B) assisted primary, and
Number at risk (C) secondary patency of AVF and AVG. p values were calculated
AF 5124 3542 2261 1391 81 455 240 132 71 22 9 using the log-rank test. AVF, arteriovenous fistula; AVG, arteriove-
. AVG 3363 2015 1091 555 272 129 65 28 13 2 0 nous graft.
Table 4. Adjusted HRs (95% Cls) of all-cause mortality
All-cause mortality AVF (n = 5,124) AVG (n = 3,363) p value
No. of event 3,323 2,401
Sum of person years 12,076.4 6,816.5
Incidence rate for 100 person-years (95% Cl) 27.52 (26.59-28.47) 35.22 (33.83-36.66)
Crude HR (95% Cl) 1 (reference) 1.28 (1.21-1.34) < 0.001
Model 12 1 (reference) 1.28 (1.22-1.35) < 0.001
Model 22 1 (reference) 1.24 (1.17-1.30) <0.001
Model 39 1 (reference) 1.22 (1.16-1.29) < 0.001

HR, hazard ratio; Cl, confidence interval; AVF, arteriovenous fistula; AVG, arteriovenous graft; VA, vascular access.

AModel 1 was adjusted for age, sex. PModel 2 was adjusted for age, sex, hypertension, diabetes, coronary artery disease, dyslipi-
demia, cerebrovascular disease, peripheral vascular disease, cancer and type of VA creation hospital. “Model 3 was adjusted for
age, sex, hypertension, diabetes, coronary artery disease, dyslipidemia, cerebrovascular disease, peripheral vascular disease, cancer,
type of VA creation hospital, body mass index, smoking and alcohol use.
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tions [27].

The results align with prior studies showing AVF benefits
even in patients aged > 80 years [5,11-13]. For example,
Olsha et al. [13] reported favorable long-term AVF patency
in octogenarians when access was created based on careful
preoperative evaluation. Similarly, a recent Portuguese co-
hort by Dias et al. [28] showed comparable AVF outcomes
between elderly and younger patients when vascular map-
ping guided access planning. A recent meta-analysis of 12
studies including over 95,000 elderly HD patients found that
AVFs were associated with significantly better overall sur-
vival (HR, 1.38), access survival (HR, 1.60), and lower infec-
tion risk (odds ratio [OR], 9.74) compared with AVGs [29].
However, AVFs also had a higher risk of maturation failure
(OR, 0.33), highlighting the trade-off in VA planning in this
population.

The superior outcomes in the AVF group are likely in-
fluenced by selection bias. Evidence for this includes the
AVF group being younger with fewer comorbidities, such
as diabetes. Furthermore, a non-statistically significant
trend showed that patients with a higher BMI or a histo-
ry of smoking and alcohol also received more AVFs. This
paradox suggests that clinicians selected patients for AVF
creation—even from higher-risk groups—based on better
overall health and more favorable vascular anatomy. This
patient selection is a critical, unmeasured confounder that
likely contributed to the observed benefits of AVF.

Although we adjusted for key confounders, unmeasured
factors related to access selection (e.g., vascular anatomy
and vein quality, arterial calcification, pre-operative map-
ping, frailty, functional status, urgency of dialysis initiation,
and surgeon/center preference) may remain. And these fac-
tors may bias comparisons between AVF and AVG. There-
fore, while our findings favor AVF in very elderly patients,
they should be interpreted with appropriate caution, and
confirmation in prospective, clinically detailed cohorts is
warranted.

Results in the literature remain controversial. Multiple
reports highlight the challenges of AVF in elderly patients,
including high rates of primary failure, delayed catheter-free
dialysis, and early abandonment [14-16]. Meta-analyses also
suggest increased failure rates of distal AVFs in the elderly,
with better outcomes from proximal fistulas or AVGs in se-
lect cases [30,31]. Additionally, Lyu et al. [16] caution that
prolonged catheter dependence with AVF planning may
offset long-term benefits in older patients with limited life

160  www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 1, January 2026

expectancy.

Importantly, our study provides further evidence that AVFs
may confer meaningful survival advantages even among
octogenarians. These findings remained robust even after
adjusting for comorbidities and medication use, minimizing
confounding. Although anatomical and individual factors
must be considered, the results and data support prioritiza-
tion of AVF whenever technically feasible in this population.

The strengths of this study include the large sample size,
nationally representative population, and detailed long-term
follow-up. However, several limitations must be acknowl-
edged. First, outcomes were defined using administrative
claims, which may be subject to misclassification. Second,
anatomical and surgical factors such as vessel diameter, ac-
cess location, or surgical technique were unavailable, lim-
iting our ability to adjust for procedural complexity. Third,
residual confounding cannot be fully excluded despite mul-
tivariable adjustment. BMI, smoking, and alcohol use which
sourced from national screening were unavailable for a
large fraction of this very elderly cohort, a known limitation
of Korean NHIS screening data. To mitigate bias from ex-
tensive and likely non-random missingness, we prespecified
Model 2 (excluding these variables) as primary and Model 3
as a sensitivity analysis with a missing category. While this
pragmatic strategy preserves sample size and may capture
informative missingness, estimates could be attenuated and
residual confounding by lifestyle factors cannot be exclud-
ed. Fourth, and most importantly, this study is susceptible
to selection bias. Despite multivariable adjustment, unmea-
sured factors that drive access selection could favor AVF out-
comes. We therefore interpret the observed advantages of
AVF with appropriate caution. Fifth, our study used nation-
wide NHIS database, which do not contain functional matu-
rity information. Therefore, we could not directly distinguish
maturation failure from other early failures. This constraint
is shared by prior Korean claims-based vascular-access stud-
ies that have relied on procedure-based endpoints or cath-
eter-dependence metrics rather than clinical maturation per
se. Consequently, we report patency using standardized,
code-based definitions and explicitly describe how catheter
insertion events were handled. Lastly, we did not quantify
the frequency or duration of CVC use within access groups.
Because short-term catheterizations are common and in-
consistently captured in claims, catheter procedure codes
were employed solely to define secondary patency. As a re-
sult, we were unable to assess time-updated catheter status
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or its temporal relation to access events. Therefore, residual
confounding by catheter exposure may persist and should
be considered when interpreting our results.

In this nationwide cohort study of Korean patients aged
> 80 years initiating HD, AVF was associated with superior
VA outcomes and lower all-cause mortality compared with
AVG. While these findings should be interpreted with cau-
tion due to the potential for significant selection bias, they
provide robust real-world evidence that AVF can be a dura-
ble and beneficial option in the very elderly. The results sug-
gest that age alone should not be an absolute contraindica-
tion for AVF creation, and it should be considered a priority
whenever technically feasible and clinically appropriate.

KEY MESSAGE

1. In patients aged > 80 years, AVFs were associated
with superior patency outcomes and lower all-
cause mortality compared with AVGs.

2. These findings provide robust real-world evidence
that AVFs should generally be preferred in the very
elderly, particularly in Asian populations.

3. With appropriate preoperative evaluation and indi-
vidualized planning, age alone should not be con-
sidered a barrier to AVF creation in this population.

REFERENCES

1. Ravani P, Quinn R, Fiocco M, et al. Association of age with risk
of kidney failure in adults with stage IV chronic kidney disease
in Canada. JAMA Netw Open 2020;3:e2017150.

2. Stevens LA, Viswanathan G, Weiner DE. Chronic kidney dis-
ease and end-stage renal disease in the elderly population:
current prevalence, future projections, and clinical signifi-
cance. Adv Chronic Kidney Dis 2010;17:293-301.

3. Hong YA, Ban TH, Kang CY, et al. Trends in epidemiologic
characteristics of end-stage renal disease from 2019 Korean
Renal Data System (KORDS). Kidney Res Clin Pract 2021;40:52-
61.

4. Lee T Fistula first initiative: historical impact on vascular access
practice patterns and influence on future vascular access care.
Cardiovasc Eng Technol 2017,8:244-254.

5. Lok CE, Oliver MJ, Su J, Bhola C, Hannigan N, Jassal SV. Ar-
teriovenous fistula outcomes in the era of the elderly dialysis

https://doi.org/10.3904/kjim.2025.141

10.

1.

12.

13.

15.

16.

17.

18.

19.

20.

KJIM™

population. Kidney Int 2005;67:2462-2469.

. Richardson Al 2nd, Leake A, Schmieder GC, et al. Should

fistulas really be first in the elderly patient? J Vasc Access
2009;10:199-202.

El Assar M, Angulo J, Vallejo S, Peir6 C, Sanchez-Ferrer CF, Ro-
driguez-Manas L. Mechanisms involved in the aging-induced
vascular dysfunction. Front Physiol 2012;3:132.

Pescatore LA, Gamarra LF, Liberman M. Multifaceted mech-
anisms of vascular calcification in aging. Arterioscler Thromb
Vasc Biol 2019;39:1307-1316.

. Viecelli AK, Lok CE. Hemodialysis vascular access in the elder-

ly-getting it right. Kidney Int 2019;95:38-49.

Yan T, Gameiro J, Grilo J, Filipe R, Rocha E. Hemodialysis vas-
cular access in elderly patients: a comprehensive review. J Vasc
Access 2024;25:27-39.

Arhuidese 1), Cooper MA, Rizwan M, Nejim B, Malas MB.
Vascular access for hemodialysis in the elderly. J Vasc Surg
2019;69:517-525.e1.

Ko GJ, Rhee CM, Obi Y, et al. Vascular access placement and
mortality in elderly incident hemodialysis patients. Nephrol
Dial Transplant 2020;35:503-511.

Olsha O, Hijazi J, Goldin I, Shemesh D. Vascular access
in hemodialysis patients older than 80 years. J Vasc Surg
2015;61:177-183.

Lee T, Thamer M, Zhang Y, Zhang Q, Allon M. Outcomes of
elderly patients after predialysis vascular access creation. J Am
Soc Nephrol 2015;26:3133-3140.

Woo K, Goldman DP, Romley JA. Early failure of dialysis ac-
cess among the elderly in the era of fistula first. Clin J Am Soc
Nephrol 2015;10:1791-1798.

Lyu B, Chan MR, Yevzlin AS, Astor BC. Catheter dependence
after arteriovenous fistula or graft placement among elderly
patients on hemodialysis. Am J Kidney Dis 2021;78:399-408.
el.

Lok CE, Huber TS, Lee T, et al. KDOQI clinical practice guide-
line for vascular access: 2019 update. Am J Kidney Dis
2020;75(4 Suppl 2):S1-S164.

Choi HS, Han KD, Oh TR, et al. Trends in the incidence and
prevalence of end-stage renal disease with hemodialysis in en-
tire Korean population: a nationwide population-based study.
Medicine (Baltimore) 2021;100:e25293.

Kang Y, Choi HY, Kwon YE, et al. Clinical outcomes among
hemodialysis patients with atrial fibrillation: a Korean na-
tionwide population-based study. Kidney Res Clin Pract
2021,;40:99-108.

Kim AY, Lee MJ, Choi H, Lee H, Park I. Kidney replacement

www.kjim.org 161


www.kjim.org
https://doi.org/10.1001/jamanetworkopen.2020.17150
https://doi.org/10.1001/jamanetworkopen.2020.17150
https://doi.org/10.1001/jamanetworkopen.2020.17150
https://doi.org/10.1053/j.ackd.2010.03.010
https://doi.org/10.1053/j.ackd.2010.03.010
https://doi.org/10.1053/j.ackd.2010.03.010
https://doi.org/10.1053/j.ackd.2010.03.010
https://doi.org/10.23876/j.krcp.20.202
https://doi.org/10.23876/j.krcp.20.202
https://doi.org/10.23876/j.krcp.20.202
https://doi.org/10.23876/j.krcp.20.202
https://doi.org/10.1007/s13239-017-0319-9
https://doi.org/10.1007/s13239-017-0319-9
https://doi.org/10.1007/s13239-017-0319-9
https://doi.org/10.1111/j.1523-1755.2005.00355.x
https://doi.org/10.1111/j.1523-1755.2005.00355.x
https://doi.org/10.1111/j.1523-1755.2005.00355.x
https://doi.org/10.1177/112972980901000311
https://doi.org/10.1177/112972980901000311
https://doi.org/10.1177/112972980901000311
https://doi.org/10.3389/fphys.2012.00132
https://doi.org/10.3389/fphys.2012.00132
https://doi.org/10.3389/fphys.2012.00132
https://doi.org/10.1161/atvbaha.118.311576
https://doi.org/10.1161/atvbaha.118.311576
https://doi.org/10.1161/atvbaha.118.311576
https://doi.org/10.1016/j.kint.2018.09.016
https://doi.org/10.1016/j.kint.2018.09.016
https://doi.org/10.1177/11297298221097233
https://doi.org/10.1177/11297298221097233
https://doi.org/10.1177/11297298221097233
https://doi.org/10.1016/j.jvs.2018.05.219
https://doi.org/10.1016/j.jvs.2018.05.219
https://doi.org/10.1016/j.jvs.2018.05.219
https://doi.org/10.1093/ndt/gfy254
https://doi.org/10.1093/ndt/gfy254
https://doi.org/10.1093/ndt/gfy254
https://doi.org/10.1016/j.jvs.2014.07.005
https://doi.org/10.1016/j.jvs.2014.07.005
https://doi.org/10.1016/j.jvs.2014.07.005
https://doi.org/10.1681/asn.2014090938
https://doi.org/10.1681/asn.2014090938
https://doi.org/10.1681/asn.2014090938
https://doi.org/10.2215/cjn.09040914
https://doi.org/10.2215/cjn.09040914
https://doi.org/10.2215/cjn.09040914
https://doi.org/10.1053/j.ajkd.2020.12.019
https://doi.org/10.1053/j.ajkd.2020.12.019
https://doi.org/10.1053/j.ajkd.2020.12.019
https://doi.org/10.1053/j.ajkd.2020.12.019
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1097/md.0000000000025293
https://doi.org/10.1097/md.0000000000025293
https://doi.org/10.1097/md.0000000000025293
https://doi.org/10.1097/md.0000000000025293
https://doi.org/10.23876/j.krcp.20.022
https://doi.org/10.23876/j.krcp.20.022
https://doi.org/10.23876/j.krcp.20.022
https://doi.org/10.23876/j.krcp.20.022
https://doi.org/10.3904/kjim.2024.052

K)

21.
22.
23.
24.

25.

26.

27.

28.

29.

162

IM™Y

therapy trends in end-stage kidney disease patients in South
Korea during the COVID-19 pandemic. Korean J Intern Med
2024,39:967-978.

Kim H, Park HS, Ban TH, Yang SB, Kwon YJ. Evaluation of
outcomes with permanent vascular access in an elderly Kore-
an population based on the National Health Insurance Service
database. Hemodial Int 2023;27:249-258.

Lee J, Lee JP, Park JI, et al. Early nephrology referral reduces
the economic costs among patients who start renal replace-
ment therapy: a prospective cohort study in Korea. PLoS One
2014,9:€99460.

Lee J, Lee JP, An N, et al. Factors affecting the referral time
to nephrologists in patients with chronic kidney disease:
a prospective cohort study in Korea. Medicine (Baltimore)
2016;95:e3648.

Lee HS, Kim SG. A Korean perspective on the 2019 Kidney
Disease Outcomes Quality Initiative guidelines for vascular
access: what has changed and what should be changed in
practice? Kidney Res Clin Pract 2021;40:29-39.

Kim SM, Han'Y, Kwon H, et al. Impact of a preoperative eval-
uation on the outcomes of an arteriovenous fistula. Ann Surg
Treat Res 2016;90:224-230.

Kim YS, Kim Y, Shin SJ, et al. Current state of dialysis access
management in Korea. J Vasc Access 2019;20(1_suppl):15-19.
Lee HS, Ju YS, Song YR, et al. Current treatment status and
medical costs for hemodialysis vascular access based on anal-
ysis of the Korean Health Insurance Database. Korean J Intern
Med 2018;33:1160-1168.

Dias BF, Silva F, Fonseca |, Almeida P, Queirds J. Hemodialysis
vascular access in the elderly: promising results from a tertiary
center. Nefrologia (Engl Ed) 2025;45:228-237.

Li J, Lu H, Xie Z, Li Q, Shi H. Outcomes of arteriovenous graft

www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 1, January 2026

vs. fistula for haemodialysis access in the elderly: a systematic
review and meta-analysis. Exp Ther Med 2023;26:399.

30. Lazarides MK, Georgiadis GS, Antoniou GA, Staramos DN. A
meta-analysis of dialysis access outcome in elderly patients. J
Vasc Surg 2007,45:420-426.

31. McGrogan D, Al Shakarchi J, Khawaja A, et al. Arteriovenous
fistula outcomes in the elderly. J Vasc Surg 2015;62:1652-
1657.

Received : May 7, 2025
Revised : August 17, 2025
Accepted : September 2, 2025

Correspondence to

Hoon Suk Park, M.D., Ph.D.

Division of Nephrology, Department of Internal Medicine, Seoul St.
Mary's Hospital, College of Medicine, The Catholic University of Korea,
222 Banpo-daero, Seocho-gu, Seoul 06591, Korea

Tel: +82-2-2258-2342, Fax: +82-2-2258-5742

E-mail: cttailor@catholic.ac.kr
https://orcid.org/0000-0002-1102-5460

CRedit authorship contributions

Hyung Duk Kim: conceptualization, methodology, formal analysis, val-
idation, writing - original draft; Do Hyoung Kim: methodology, data
curation, formal analysis; Hyangkyoung Kim: methodology, resources,
data curation, formal analysis, validation; Hyung-Seok Lee: validation,
writing - review & editing, supervision; Seung Boo Yang: validation,
supervision; Seok Joon Shin: writing - review & editing, supervision;
Hoon Suk Park: conceptualization, writing - review & editing, supervi-
sion, funding acquisition

Conflicts of interest
The authors disclose no conflicts.

Funding

This research was supported by a research grant of Korean society of
dialysis access.

https://doi.org/10.3904/kjim.2025.141


www.kjim.org
https://doi.org/10.3904/kjim.2024.052
https://doi.org/10.3904/kjim.2024.052
https://doi.org/10.3904/kjim.2024.052
https://doi.org/10.1111/hdi.13077
https://doi.org/10.1111/hdi.13077
https://doi.org/10.1111/hdi.13077
https://doi.org/10.1111/hdi.13077
https://doi.org/10.1371/journal.pone.0099460
https://doi.org/10.1371/journal.pone.0099460
https://doi.org/10.1371/journal.pone.0099460
https://doi.org/10.1371/journal.pone.0099460
https://doi.org/10.1097/md.0000000000003648
https://doi.org/10.1097/md.0000000000003648
https://doi.org/10.1097/md.0000000000003648
https://doi.org/10.1097/md.0000000000003648
https://doi.org/10.23876/j.krcp.20.144
https://doi.org/10.23876/j.krcp.20.144
https://doi.org/10.23876/j.krcp.20.144
https://doi.org/10.23876/j.krcp.20.144
https://doi.org/10.4174/astr.2016.90.4.224
https://doi.org/10.4174/astr.2016.90.4.224
https://doi.org/10.4174/astr.2016.90.4.224
https://doi.org/10.1177/1129729818776913
https://doi.org/10.1177/1129729818776913
https://doi.org/10.3904/kjim.2018.170
https://doi.org/10.3904/kjim.2018.170
https://doi.org/10.3904/kjim.2018.170
https://doi.org/10.3904/kjim.2018.170
https://doi.org/10.1016/j.nefroe.2025.02.011
https://doi.org/10.1016/j.nefroe.2025.02.011
https://doi.org/10.1016/j.nefroe.2025.02.011
https://doi.org/10.3892/etm.2023.12098
https://doi.org/10.3892/etm.2023.12098
https://doi.org/10.3892/etm.2023.12098
https://doi.org/10.1016/j.jvs.2006.10.035
https://doi.org/10.1016/j.jvs.2006.10.035
https://doi.org/10.1016/j.jvs.2006.10.035
https://doi.org/10.1016/j.jvs.2015.07.067
https://doi.org/10.1016/j.jvs.2015.07.067
https://doi.org/10.1016/j.jvs.2015.07.067

