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Background/Aims: Owing to aging-related factors, arteriovenous access (AV) is difficult to establish in older patients; cen-
tral venous catheter (CVC) access is used instead. However, evidence on long-term outcomes of permanent vascular access 
types in the oldest-old adults (≥ 80 yr) is lacking. We aimed to compare mortality by vascular access type in older Korean pa-
tients undergoing hemodialysis. 
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INTRODUCTION

With the significant increase in the global prevalence of end-
stage kidney disease (ESKD) in recent decades, the age dis-
tribution of the patient population has shifted toward older 
adults [1-3]. Although hemodialysis is commonly selected 
for older patients [1,4], establishing and maintaining vascu-
lar access in this population remains challenging. According 
to the 2024 Korean Renal Data System report, patients with 
ESKD aged ≥ 65 years comprise 57.2% of the national dialy-
sis population [4], underscoring the need for an appropriate 
vascular access method in this group.

Given the distinctive age-related physiological and clinical 
characteristics, personalized vascular access strategies are 
essential. The 2019 Kidney Disease Outcomes Quality Initia-
tive (KDOQI) guidelines recommend patient-centered strat-
egies, prioritizing arteriovenous access (AV; arteriovenous 
fistula [AVF] or graft [AVG]) over central venous catheter 
(CVC) access [5]. However, comorbidities, such as diabetes 
mellitus (DM) and peripheral vascular disease (PVD), often 
complicate AV access creation and hinder AVF maturation 
in older adults [2,6-8]. Many patients may die before the 
long-term survival benefits of AV access are realized [9-12]. 
Considering these clinical limitations, the KDOQI guidelines 
suggest long-term CVC use in certain circumstances. CVC 
access remains widely used and is often considered the most 
appropriate permanent alternative to AV access, especially 
in oldest-old adults [8,10,13,14]. Nonetheless, the appro-

priateness of long-term CVC use in this population remains 
controversial, given its well-established links to central ve-
nous stenosis, infection, and increased mortality [15-18]. 

As randomized controlled trials are not feasible owing 
to ethical and clinical constraints, we designed an observa-
tional study using real-world data from the National Health 
Insurance Service (NHIS) database, which provides compre-
hensive clinical and mortality information. We aimed to eval-
uate the long-term mortality risk associated with CVC use as 
permanent vascular access in older hemodialysis patients—
particularly octogenarians (aged ≥ 80 yr) and nonagenarians 
(aged ≥ 90 yr)—using a large-scale national cohort.

METHODS

Data Sources 
This retrospective cohort study was conducted using data 
from the Korean NHIS, a government-operated single-payer 
system that provides universal health coverage. The NHIS 
maintains a comprehensive database comprising demo-
graphic characteristics, International Classification of Dis-
ease, Tenth Revision (ICD-10) diagnosis codes, procedure 
codes, prescriptions, and healthcare utilization records [19].

Data collection and publication were performed in accor-
dance with the relevant guidelines and regulations, and ap-
proved by the Institutional Review Board of Ewha Womans 
University Hospital, Seoul, Korea (No. EUMC 2023-03-040). 

Methods: This nationwide retrospective cohort study included 79,286 adult patients who initiated maintenance hemodi-
alysis between 2012 and 2021, identified from the Korean National Health Insurance Service database. Patients were cat-
egorized by permanent vascular access type (AV fistula [AVF], AV graft [AVG], or CVC). Kaplan–Meier survival analysis and 
Cox proportional hazards models were used to assess mortality across vascular access types. Analyses were stratified by age 
group. 
Results: CVC access was associated with the highest mortality. Compared with AVF use, CVC use was associated with 
more than a threefold increase in mortality risk (aHR 3.54; 95% CI, 3.43–3.65). Though attenuated, the CVC use-associated 
mortality risk remained significantly elevated in octogenarians and nonagenarians (aHR 3.30; 95% CI, 3.14–3.47 and aHR 3.18; 
95% CI, 2.65–3.82, respectively). Compared with AVG use, CVC use remained consistently associated with elevated mortali-
ty risk across age groups. 
Conclusions: CVC use as permanent access was associated with increased mortality, even among the oldest-old. Advanced 
age should be regarded as a clinical consideration rather than a definitive contraindication to AV access. Our findings support 
the need for individualized clinical decision-making, even in the oldest-old population.
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Owing to the use of de-identified and routinely collected 
data, the requirement for informed consent was waived. 

Participants
This study included adult patients aged ≥ 18 years who 
initiated maintenance hemodialysis between 1 January, 
2012 and 31 December, 2021. The inclusion criteria were: 
(1) ESKD diagnosis (ICD-10 code: N18), (2) registration for 
maintenance dialysis (V001), or (3) receipt of outpatient he-
modialysis procedures (O7020, O7021, or O9991) for ≥ 3 
consecutive months.

The index date was defined as the first date of vascular 
access creation. The vascular access type was categorized as 
AV access—further subclassified as AVF (O2011, O2012, or 
O2081) or AVG (O2082)—and CVC (O7011–O7018).

Patients were classified into the following groups: (1) AVF: 
those with AVF as initial access or after CVC use; (2) AVG: 
those with AVG as initial access or after CVC use; and (3) 
CVC: those who remained catheter-dependent without 
subsequent AV access. Patients who underwent AVF and 

AVG creation on the same day were classified into the AVG 
group, assuming that graft placement was made following 
AVF failure.

Measurements and Variables
The primary exposure variable was the type of permanent 
vascular access used during maintenance hemodialysis 
(AVF, AVG, or CVC). Older age was defined as ≥ 65 years. 
Patients were further stratified into four age subgroups: 65–
69, 70–79, 80–89, and ≥ 90 years, to allow a more detailed 
assessment of outcomes across the aging spectrum, partic-
ularly within the “young-old” population while maintain-
ing adequate sample size within each age subgroup. This 
approach was informed by age-stratified analyses used in 
previous large cohort studies [20,21].

The baseline characteristics included age, sex, and comor-
bidities identified using ICD-10 codes: DM, hypertension, 
coronary artery disease (CAD), cerebrovascular accident 
(CVA), and PVD (see Supplementary Table 1 for code de-
tails). Data on intravenous antibiotic use (vancomycin, teico-

Table 1. Baseline characteristics by vascular access type

Characteristic All (n = 79,286)
AVF group  

(n = 53,229)
AVG group  
(n = 15,164)

CVC group  
(n = 10,893)

p value

Mean age (yr) 66.41 ± 13.57 63.93 ± 13.34 69.68 ± 12.27 73.98 ± 12.64 < 0.001

Age group (yr) < 0.001

< 65 32,512 (41.0) 25,722 (48.3) 4,622 (30.5) 2,168 (19.9)

≥ 65 46,774 (59.0) 27,507 (51.7) 10,542 (69.5) 8,725 (80.1)

65–69 9,705 (12.2) 7,037 (13.2) 1,814 (12.0) 854 (7.8)

70–79 23,213 (29.3) 14,340 (26.9) 5,291 (34.9) 3,582 (32.9)

80–89 12,893 (16.3) 5,869 (11.6) 3,251 (21.4) 3,773 (34.6)

≥ 90 963 (1.2) 261 (0.5) 186 (1.2) 516 (4.7)

Sex < 0.001

Male 47,889 (60.4) 33,845 (63.6) 8,229 (54.3) 5,815 (53.4)

Female 31,397 (39.6) 19,384 (36.4) 6,935 (45.7) 5,078 (46.6)

DM 64,882 (81.8) 43,193 (81.2) 13,058 (86.1) 8,631 (79.2) < 0.001

HTN 76,083 (96.0) 51,223 (96.2) 14,756 (97.3) 10,104 (92.8) < 0.001

CAD 5,662 (7.1) 3,221 (6.1) 1,335 (8.8) 1,106 (10.2) < 0.001

CVA 18,525 (23.4) 10,485 (19.7) 4,286 (28.3) 3,754 (34.5) < 0.001

PVD 32,247 (40.7) 20,835 (39.1) 6,759 (44.6) 4,653 (42.7) < 0.001

Follow-up duration (y) 3.22 ± 2.32 3.64 ± 2.26 3.03 ± 2.15 1.46 ± 1.94 < 0.001

Death 33,873 (42.7) 17,678 (33.2) 7,654 (50.5) 8,541 (78.4) < 0.001

Categorical variables are presented as numbers (%). Continuous variables are presented as mean ± standard deviation.
AVF, arteriovenous fistula; AVG, arteriovenous graft; CVC, central venous catheter; DM, diabetes mellitus; HTN, hypertension; 
CAD, coronary artery disease; CVA, cerebrovascular accident; PVD, peripheral vascular disease.
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Figure 1. Kaplan–Meier survival curves stratified by the vascular access type for patients aged (A) < 65, (B) ≥ 65, (C) 65–69, (D) 70–79,  
(E) 80–89, and (F) ≥ 90 years. The AV group represents a combined cohort of patients in the AVF and AVG groups. AV, arteriovenous ac-
cess; AVF, arteriovenous fistula; AVG, arteriovenous graft; CVC, central venous catheter.
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planin, and cefazolin) and catheter replacement were also 
collected. Analyses were stratified by sex and DM status.

Outcomes 
The primary outcome was all-cause mortality. To minimize 
lead-time bias from delays between AV access surgery and 
hemodialysis initiation, survival time was measured from the 
date of hemodialysis initiation. Follow-up continued until 
death or censoring at the earliest occurrence of transition 

to peritoneal dialysis (procedure codes: O7061, O7062, 
O7071, and O7072), kidney transplantation (ICD-10 code: 
Z940), or the end of the study period (31 December, 2021). 
Supplementary analyses were conducted to assess compli-
cation-free survival, specifically focusing on catheter-related 
infections and dysfunction in the CVC group.

Statistical analysis
The baseline characteristics and demographics were sum-

Figure 2. Kaplan–Meier survival curves of the patients aged (A) 80–89 and (B) ≥ 90 years in the CVC group versus the AVF group and 
those aged (C) 80–89 and (D) ≥ 90 years in the CVC group versus the AVG group. AVF, arteriovenous fistula; AVG, arteriovenous graft; 
CVC, central venous catheter.
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marized by vascular access type. Categorical and continuous 
variables were presented as frequencies with percentages 
and means, respectively. Differences were assessed using 
one-way analysis of variance and chi-square test for contin-
uous and categorical variables, respectively.

Survival by vascular access type was analyzed using the 
Kaplan–Meier method, and comparisons, via the log-rank 
test [22]. Cox proportional hazards models were used to es-
timate mortality hazard ratio (HR) and confidence interval 
(CI) for CVC access, using AV access as reference [23]. Al-
though the mortality risk was not perfectly proportional over 
time, the Kaplan–Meier survival curves remained separated 
during follow-up. Therefore, the Cox proportional hazards 
model was used to provide a summary estimate of the over-
all HR. This analysis was repeated with AVF and AVG as the 
reference. Multivariate models were adjusted for age, sex, 
DM status, and presence of hypertension, CAD, PVD, and 
CVA.

Survival analyses were conducted in each age subgroup to 
evaluate whether the association between the vascular ac-
cess type and mortality differed by age. Additional subgroup 
analyses were performed to assess the effect of the vascu-
lar access type on mortality by age, sex, and DM status. To 
evaluate catheter-related complications, complication-free 
survival was analyzed using the Kaplan–Meier method, with 

death treated as censored data. All statistical analyses were 
performed using SAS version 9.4 (SAS Institute Inc., Cary, 
NC, USA).

RESULTS

Patient characteristics
Of 79,286 patients who initiated maintenance hemodialysis, 
over half (59.0%, n = 46,774) were aged ≥ 65 years, and 
17.4% (n = 13,856) were aged ≥ 80 years (approximately 
51% female). When categorized by the vascular access type, 
53,229 (67.1%), 15,164 (19.1%), and 10,893 (13.7%) pa-
tients were in the AVF, AVG, and CVC groups, respectively. 
The CVC group had the highest mean age (73.98 ± 12.64 
yr), proportion of female patients, and CAD and CVA preva-
lences, and the lowest prevalence of hypertension. The AVG 
group had the highest DM prevalence. The mean follow-up 
duration was 3.22 ± 2.32 years, and 33,873 (42.7%) deaths 
occurred (Table 1). CVC use increased with age (6.7%, 
8.8%, 15.4%, 29.3%, and 53.6% at < 65, 65–69, 70–79, 
80–89, and ≥ 90 yr, respectively).

Survival analysis
Kaplan–Meier analysis revealed consistently lower surviv-

Table 2. Mortality risk by age subgroup in the Cox models

Age group (y)
Univariate analysis Multivariate analysis

Unadjusted HR (95% CI) p value Adjusted HR (95% CI) p value

CVC vs. AVF

AVF Reference - Reference -

< 65 4.312 (4.045–4.596) < 0.001 4.402 (4.123–4.700) < 0.001

65–69 4.612 (4.221–5.038) < 0.001 4.413 (4.033–4.828) < 0.001

70–79 3.784 (3.621–3.954) < 0.001 3.620 (3.461–3.787) < 0.001

80–89 3.356 (3.197–3.524) < 0.001 3.300 (3.138–3.471) < 0.001

≥ 90 3.033 (2.538–3.623) < 0.001 3.181 (2.651–3.817) < 0.001

CVC vs. AVG

AVG Reference - Reference -

< 65 2.347 (2.174–2.535) < 0.001 2.601 (2.401–2.818) < 0.001

65–69 2.825 (2.546–3.134) < 0.001 2.789 (2.511–3.098) < 0.001

70–79 2.664 (2.531–2.805) < 0.001 2.633 (2.500–2.773) < 0.001

80–89 2.619(2.479–2.767) < 0.001 2.610 (2.469–2.760) < 0.001

≥ 90 2.416 (1.996–2.925) < 0.001 2.554 (2.100–3.107) < 0.001

HR, hazard ratio; CI, confidence interval; CVC, central venous catheter; AVF, arteriovenous fistula; AVG, arteriovenous graft.
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al rates in the CVC group versus the AV group across age 
groups (Fig. 1). This pattern remained in all patients, includ-
ing in octogenarians and nonagenarians, when the AV group 
was stratified into the AVF and AVG subgroups (Fig. 2).  
The survival curves remained separated throughout the fol-
low-up.

Mortality risk associated with CVC use
In the overall cohort, CVC use was associated with a 3.4-fold 
increased risk of all-cause mortality, compared with AV ac-
cess (adjusted hazard ratio [aHR] 3.41; 95% CI, 3.32–3.50; 
p < 0.001); this survival disadvantage remained robust even 
among nonagenarians (aHR 2.99; 95% CI, 2.57–3.47; p < 
0.001). Although clinical covariates, such as sex, presence 
of hypertension, and DM status, showed varying degrees 
of association with mortality across age subgroups—includ-
ing a paradoxically protective effect of hypertension in the 

65–79-year age subgroup—CVC use remained associated 
with mortality in all multivariable models (Supplementary 
Table 2, 3).

Subgroup and access type comparisons
When AVF and AVG were used as separate reference 
groups, the CVC group consistently exhibited significantly 
higher mortality rates across age subgroups (all p < 0.001; 
Table 2). Compared with the AVF group, the CVC group 
demonstrated more than a threefold increased risk of mor-
tality in all age subgroups; however, the HRs gradually de-
clined with advancing age. In contrast, the survival benefit 
of AVG use over CVC use was less pronounced than that of 
AVF use over CVC use but remained relatively stable across 
the age subgroups. Regarding absolute survival measures, 
among octogenarians, the 2-year survival probability was 
approximately 60% and 52% in the AVF and AVG groups, 

Table 3. Mortality risk associated with CVC use across age, sex, and DM status in the stratified Cox models 

Risk group

Stratified Cox regression

AVF group as reference AVG group as reference

aHR (95% CI) p value aHR (95% CI) p value

65–69 yr

Absence of DM Male 5.06 (3.93–6.5) < 0.001 3.45 (2.52–4.74) < 0.001

Female 5.72 (4.33–7.54) < 0.001 4.13 (2.94–5.80) < 0.001

Presence of DM Male 4.12 (3.66–4.64) < 0.001 2.52 (2.19–2.89) < 0.001

Female 4.66 (4.01–5.41) < 0.001 3.01 (2.54–3.58) < 0.001

70–79 yr

Absence of DM Male 3.71 (3.29–4.18) < 0.001 2.81 (2.42–3.25) < 0.001

Female 3.47 (3.06–3.93) < 0.001 2.79 (2.39–3.25) < 0.001

Presence of DM Male 3.73 (3.51–3.97) < 0.001 2.62 (2.44–2.81) < 0.001

Female 3.49 (3.25–3.74) < 0.001 2.60 (2.40–2.81) < 0.001

80–89 yr

Absence of DM Male 3.60 (3.20–4.06) < 0.001 2.80 (2.43–3.22) < 0.001

Female 2.99 (2.65–3.37) < 0.001 2.56 (2.22–2.94) < 0.001

Presence of DM Male 3.64 (3.38–3.92) < 0.001 2.72 (2.50–2.96) < 0.001

Female 3.02 (2.81–3.24) < 0.001 2.49 (2.29–2.69) < 0.001

≥ 90 yr

Absence of DM Male 4.12 (2.75–6.20) < 0.001 3.06 (1.94–4.82) < 0.001

Female 3.02 (2.00–4.55) < 0.001 3.03 (1.94–4.72) < 0.001

Presence of DM Male 3.57 (2.73–4.67) < 0.001 2.43 (1.85–3.20) < 0.001

Female 2.61 (2.00–3.42) < 0.001 2.41 (1.76–3.31) < 0.001

CVC, central venous catheter; DM, diabetes mellitus; AVF, arteriovenous fistula; AVG, arteriovenous graft; aHR, adjusted hazard 
ratio; CI, confidence interval.
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respectively (versus 20% in the CVC group). Among nona-
genarians, the corresponding survival rates were approxi-
mately 55% and 41% in the AVF and AVG groups, respec-
tively (versus 15% in the CVC group). By 5 years, the survival 
rates among nonagenarians converged to approximately 
10% and 8% in the AVF and AVG groups, respectively, 
while remaining markedly lower in the CVC group. Con-
sequently, the AVF and AVG groups maintained a survival 
advantage over the CVC group in the long term, whereas 
the difference between the AVF and AVG groups reduced 
with advancing age.

Cox regression analyses stratified by age, DM status, and 
sex showed that CVC use remained associated with a high 
mortality risk across all subgroups. Even in the subgroup 
with the lowest relative risk—nonagenarian female patients 
with DM—CVC use remained associated with higher mor-
tality, compared with AVF (aHR 2.61; 95% CI, 2.00–3.42) 
and AVG (aHR 2.41; 95% CI, 1.76–3.31). A sex-specific risk 
crossover occurred at the age of 70 years, where the rela-
tive risk became more pronounced in male patients than in 
female patients; apart from this, no other consistent trend 
or unidirectional pattern was observed across the strata (all 
p < 0.001; Table 3).

Supplementary analysis
The incidence of catheter-related complications in the CVC 

group was highest during the first 3 months after dialysis 
initiation. The Kaplan–Meier curves showed a steep early 
increase in catheter-related infections and dysfunction with-
in the initial period. Although the rate of incidence slowed 
significantly thereafter, complications continued to develop 
at a more gradual but persistent pace throughout the fol-
low-up period, without reaching a complete plateau. This 
trend was consistently observed across all age subgroups 
(Fig. 3).

DISCUSSION

In the present study, survival outcomes were evaluated in 
approximately 79,000 South Korean patients receiving 
maintenance hemodialysis using NHIS data with up to 10 
years of follow-up. The patients were categorized by long-
term vascular access type. Age-stratified analyses consistent-
ly showed higher mortality associated with CVC use versus 
AVF and AVG use. Specifically, the CVC group demonstrat-
ed more than threefold and twofold higher risk of mortal-
ity, compared with the AVF and AVG groups, respectively. 
These associations persisted after adjusting for age, sex, DM 
status, and the presence of hypertension, CAD, CVA, and 
PVD. To our knowledge, this is the first large-scale study on 
long-term survival outcomes by permanent vascular access 

Figure 3. Kaplan–Meier curves for complication-free survival during maintenance hemodialysis. Time from the index date to (A) cath-
eter-related infection and (B) to documented catheter dysfunction. Survival rate in this figure refers to the probability of remaining free 
from the specified complications.
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type in patients undergoing hemodialysis across age groups, 
with specific age-stratified analyses of oldest-old individuals.

Current clinical guidelines recommend AVF as the pre-
ferred vascular access type for hemodialysis and discour-
age CVC use [5,24]. Numerous studies have shown higher 
mortality among patients initiating dialysis with CVCs versus 
AVFs [15,16,25,26]. However, findings from older popu-
lations are inconsistent. One study showed no significant 
mortality difference by the vascular access type in patients 
aged ≥ 65 years [27], whereas others suggested that CVCs 
are ideal for patients aged ≥ 80 years owing to technical 
challenges of AV access creation and limited life expec-
tancy [8,13,14]. Nonetheless, most studies focused on the 
vascular access type at dialysis initiation rather than over 
long-term treatment course. Beyond the initiation phase, 
studies have assessed long-term outcomes. A study limited 
to patients on dialysis for at least 1 year showed a 3.43-
fold higher mortality risk with CVC use versus AVF use, al-
though only 5% of the patients used catheters [28]. Yeh et 
al. [29] followed up 738 patients undergoing hemodialysis 
aged 40–79 years for up to 10 years, categorizing them 
into three groups: AVF/AVG alone, AVF/AVG and catheters, 
and catheters alone. Compared with AVF/AVG use, the use 
of catheters alone was associated with a 3.23-fold higher 
mortality risk, whereas using both access types was associ-
ated with a 1.45-fold higher risk. Similarly, a 7-year obser-
vational cohort study conducted by Venegas-Ramírez et al. 
showed that tunneled CVC use was associated with a 2.38-
fold increased mortality risk, compared with AVF use [30]. 
Our study builds on and extends this evidence by studying 
a large, nationally representative cohort with up to 10 years 
of follow-up. The findings showed that CVC use was asso-
ciated with increased mortality risk, compared with AVF and 
AVG use, despite adjusting for demographic and clinical co-
variates. This association persisted among oldest-old individ-
uals, including octogenarians and nonagenarians. Although 
previous studies have identified risks associated with cath-
eter use at dialysis initiation [15,16,31], our study suggests 
that the association between CVC use and higher mortality 
was not limited to the initiation period but remained evident 
during long-term dialysis, including among the oldest-old 
individuals. These findings suggest that the association be-
tween AV access and more favorable survival may persist 
with advancing age and that AVF or AVG may remain a 
reasonable alternative to long-term catheter dependence 
when clinically feasible. 

Patient-level factors, such as age, presence of cardio-
vascular disease, sex, and DM status, are well-established 
predictors of mortality in hemodialysis populations [32-34]. 
These associations were confirmed in our multivariable 
models, though attenuated in some age-stratified analyses. 
Notably, presence of hypertension was associated with de-
creased mortality, particularly in the 70–79-year group. This 
may reflect the phenomenon of reverse epidemiology, in 
which traditional cardiovascular risk factors are paradoxical-
ly associated with improved survival in patients on dialysis. 
Nonetheless, hypertension is well-recognized as a contribu-
tor to cardiovascular morbidity and mortality in the general 
population; thus, these findings should be interpreted cau-
tiously [35,36]. 

The relationship between sex and mortality in hemodialy-
sis remains controversial. Astor et al. reported that CVC use 
was associated with substantially higher mortality in male 
individuals (18.8% with CVC use vs. 10.2% with AVF use), 
with no effect in female individuals, and comparisons with 
AVG use yielded inconsistent results [27]. In contrast, in our 
study, CVC use was consistently associated with significantly 
higher mortality, compared with AVF and AVG use, in both 
sexes. Moreover, we observed an age-dependent reversal: 
female individuals demonstrated a higher CVC-associated 
mortality risk at < 70 years, whereas male individuals exhib-
ited a higher risk at older ages. These discrepancies may not 
only indicate differences in sample size, racial composition, 
and study design but also suggest that vascular access out-
comes are influenced by age and sex.

In the analyses stratified by age, sex, and DM status, the 
relative HR associated with CVC use was attenuated in cer-
tain subgroups but remained significantly elevated overall. 
For example, female nonagenarians with DM using CVCs 
exhibited more than a 2.4-fold increased mortality risk, 
compared with those using AVFs or AVGs. This contrasts 
with the findings of DeSilva et al. [26], regarding no signif-
icant survival advantage of AV use over CVC use among 
patients aged ≥ 90 years, though their small sample size (n 
= 280) possibly limited statistical power. In our study, CVC 
use remained significantly associated with higher mortality 
across age groups, despite adjusting for covariates.

Although catheter use is clearly associated with increased 
mortality in patients receiving hemodialysis, the underlying 
mechanisms remain complex and are likely multifaceted. 
Catheter-related infections [37-40] and dysfunction [41,42] 
are frequently cited as potential mechanisms which may in-
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crease infection risk or reduce dialysis adequacy [43,44]. In 
our study, these complications were most frequent during 
the first 3 months and continued to develop at a more grad-
ual pace throughout the follow-up period, without reach-
ing a complete plateau. This sustained occurrence might 
be partly explained by the observation that even a single 
episode of CVC-related infection can permanently elevate a 
patient’s baseline mortality risk, which never returns to the 
baseline level, even after clinical recovery [43]. However, the 
causal link remains a subject of debate. Notably, previous 
studies have paradoxically shown that, despite higher cath-
eter dependency in the first 6 months after AVF creation, 
patients exhibit lower infection and mortality rates, com-
pared with those with AVG access [9,45]. This inconsistency 
highlights the unclear causal link between catheter use and 
mortality. Therefore, our findings may reflect the cumulative 
risk associated with prolonged CVC exposure rather than a 
direct causal effect of catheter use itself. The differences in 
survival by the vascular access type may be driven, in part, 
by selection bias [20,39,46]. Notably, our AV access groups 
included patients who initially began dialysis with CVCs and 
later converted to AVF or AVG, which are typically associ-
ated with higher mortality [18,28,31,47]. Despite including 
these higher-risk converters in the AV group, the hazard 
associated with long-term catheter use remained substan-
tially elevated. To partially mitigate the influence of acute 
illness at dialysis initiation, we included only the patients 
who survived and maintained dialysis for at least 3 months. 
However, because landmark analyses were not performed, 
the potential influence of early mortality and residual con-
founding related to underlying clinical conditions cannot 
be completely excluded. Therefore, although the observed 
mortality difference cannot be explained solely by patient 
selection, CVC use in this context may also reflect patients 
with poorer overall clinical condition. In this regard, cath-
eter use may function not only as an exposure but also as 
a surrogate marker of higher illness severity. Accordingly, 
although patient preference, vascular status, comorbidity 
burden, and overall clinical condition are important deter-
minants of vascular access choice, causality could not be 
definitively established in this observational study. However, 
the magnitude and consistency of the association between 
long-term catheter use and mortality across the age sub-
groups remain clinically meaningful.

This study focused on the risks associated with long-term 
CVC use and did not directly compare the survival outcomes 

between AVF and AVG use. In contrast to DeSilva et al. [21], 
who reported no significant survival difference between pa-
tients using AVF and AVG among those aged ≥ 80 years, 
our findings demonstrated a consistent survival advantage 
for patients using AVF across all age subgroups. However, 
the observed narrowing of this survival gap with advancing 
age and prolonged follow-up implies that the clinical supe-
riority of AVF may become less pronounced in oldest-old in-
dividuals. Despite the statistical advantage of AVF identified 
in our cohort, the practical challenges associated with AVF 
in this population—specifically the high rates of maturation 
failure or delay (30–40%)—cannot be overlooked [48]. Giv-
en that the long-term survival benefit gap between AVF and 
AVG diminishes over time, prioritizing AVG to minimize the 
duration of CVC exposure may serve as a more pragmatic 
and reasonable primary alternative for oldest-old individu-
als, consistent with the strategies proposed in previous lit-
erature [21,48].

Ultimately, the discrepancy between our results and those 
of DeSilva et al. [21] underscores the complexity of vascu-
lar access selection in this heterogeneous population and 
highlights the urgent need for definitive evidence. As noted 
in a recent review [48], current knowledge is derived exclu-
sively from observational data, and an ongoing randomized 
controlled trial [49] is investigating this question. Our find-
ings regarding the convergence of survival benefits provide 
critical baseline data for such future trials and emphasize 
the importance of a patient-centered approach that balanc-
es statistical survival gains against the immediate risks of 
CVC-related complications.

This study has some limitations. First, given its retrospec-
tive nature, causality cannot be established. Second, the 
NHIS database lacks granular clinical details—such as labo-
ratory results, specific anatomical information of the vascu-
lar access, and key indicators of a patient’s baseline status 
(e.g., insurance type, hospitalization history, and dialysis 
facility type). The absence of these variables, which reflect 
socioeconomic status, frailty, and healthcare utilization, 
prevented full adjustment for residual confounding and se-
lection bias. Consequently, these unmeasured factors may 
have influenced the strength of the observed associations 
between the vascular access type and survival. Furthermore, 
although age was analyzed in the subgroup analyses to 
explore clinical trends, continuous modeling approaches—
such as spline analysis to evaluate potential non-linear rela-
tionships between age and mortality—were not performed. 
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Future studies using more granular data may help further 
clarify this relationship. Third, patient and physician deci-
sion-making, which are critical for vascular access selection, 
could not be captured from the data. Finally, as this study 
was conducted in a single-race population (Korean), gener-
alizability to diverse populations may be limited.

Despite these limitations, this study has notable strengths. 
It included one of the largest cohorts to date of oldest-old 
patients undergoing hemodialysis, with age-stratified mod-
elling to account for heterogeneity across age groups. The 
dataset used was derived from a reliable nationwide insur-
ance claims system rather than from a single-center cohort. 
Furthermore, unlike previous studies that primarily focused 
on vascular access at dialysis initiation, this study evaluated 
the long-term use of various types of vascular access over a 
follow-up period of up to 10 years.

In this national cohort study, catheter use as permanent 
vascular access was associated with up to a five-fold higher 
risk of mortality, compared with the use of AVF or AVG. 
Despite adjusting for potential confounders, catheter use 
remained significantly associated with increased mortality in 
all age subgroups, including octogenarians and nonagenar-
ians. Based on these findings, the use of CVC as a perma-
nent vascular access should be carefully evaluated even in 
the oldest-old patients. Advanced age should be regarded 
as one of several clinical considerations rather than a de-
finitive contraindication to AV access. Therefore, vascular 
access decisions should be individualized whenever clinically 
feasible.

KEY MESSAGE
1.	 In octogenarians and nonagenarians, permanent 

CVC use was associated with a two- to three-fold 
higher risk of mortality, compared with AV access.

2.	Both AVF and AVG use were associated with bet-
ter survival, compared with CVC use, suggesting 
AVG may represent a reasonable alternative for 
older patients.

3.	Advanced age should be regarded as one of sev-
eral clinical considerations, and individualized deci-
sion-making is essential.
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Supplementary Table 1. Definition of covariates in the study

Condition Procedure code ICD-10 code

Diabetes mellitus - E10, E11

Hypertension - I10

Coronary artery disease M6599, M6593, M6594, M6601, M6602, M6630, M6636, M6637, O0226, 
M0227, O2066

I21, I22

Cerebrovascular disease O1641, OA641, O1640, OA640, O1648, OA648, O1649, OA649, O1647, OA647, 
O1642, OA642, M6551, M6553, M6554, M6552, M6561, M6563, M6564, 
M6565, M6566, M6567, M6562, M6571, M6572, M6634, M6638

I63, I64, I65, I66, I678

Peripheral vascular disease - I70, I73

ICD-10, International Classification of Disease, Tenth Revision.
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Supplementary Table 2. Multivariate Cox regression analysis of mortality risk by age group referenced to the AV group

Variable
All ages < 65 years ≥ 65 years

aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value

CVC 3.41 (3.32–3.50) < 0.001 4.05 (3.80–4.32) < 0.001 3.29 (3.20–3.39) < 0.001

DM 1.25 (1.21–1.28) < 0.001 1.77 (1.65–1.89) < 0.001 1.13 (1.09–1.17) < 0.001

HTN 0.83 (0.79–0.89) < 0.001 0.73 (0.66–0.81) < 0.001 0.87 (0.81–0.94) 0.001

CAD 1.30 (1.25–1.35) < 0.001 1.41 (1.29–1.54) < 0.001 1.28 (1.23–1.33) < 0.001

CVA 1.28 (1.25–1.31) < 0.001 1.47 (1.39–1.56) < 0.001 1.25 (1.21–1.28) < 0.001

PVD 1.05 (1.03–1.07) < 0.001 1.09 (1.04–1.15) < 0.001 1.04 (1.01–1.06) 0.003

Female sex 0.81 (0.79–0.82) < 0.001 0.79 (0.75–0.83) < 0.001 0.81 (0.79–0.83) < 0.001

Age 1.05 (1.05–1.05) < 0.001 1.04 (1.04–1.05) < 0.001 1.05 (1.05–1.06) < 0.001

AV, arteriovenous access; aHR, adjusted hazard ratio; CI, confidence interval; CVC, central venous catheter; DM, diabetes mellitus; 
HTN, hypertension; CAD, coronary artery disease; CVA, cerebrovascular accident; PVD, peripheral vascular disease.
aHRs are calculated using the AV group as the reference.
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Supplementary Table 3. Mortality risk by age subgroup (≥ 65 yr) in Cox models referenced to the AV group

Variable
65–69 years 70–79 years 80–89 years ≥ 90 years

aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value

CVC 4.03 (3.69–4.39) < 0.001 3.40 (3.26–3.55) < 0.001 3.11 (2.97–3.25) < 0.001 2.99 (2.57–3.47) < 0.001

DM 1.27 (1.15–1.41) < 0.001 1.25 (1.18–1.31) < 0.001 0.99 (0.94–1.04) 0.705 0.93 (0.78–1.10) 0.410

HTN 0.80 (0.67–0.95) 0.012 0.81 (0.72–0.91) 0.001 0.98 (0.85–1.12) 0.762 1.07 (0.68–1.69) 0.756

CAD 1.44 (1.30–1.60) < 0.001 1.36 (1.29–1.45) < 0.001 1.13 (1.05–1.21) 0.001 1.24 (0.96–1.61) 0.100

CVA 1.47 (1.37–1.57) < 0.001 1.30 (1.25–1.35) < 0.001 1.13 (1.08–1.18) < 0.001 1.01 (0.87–1.18) 0.871

PVD 1.02 (0.96–1.09) 0.520 1.05 (1.01–1.09) 0.009 1.03 (0.98–1.07) 0.206 0.97 (0.84–1.12) 0.651

Female sex 0.82 (0.77–0.88) < 0.001 0.81 (0.79–0.84) < 0.001 0.81 (0.77–0.84) < 0.001 0.77 (0.67–0.89) < 0.001

Age 1.07 (1.04–1.09) < 0.001 1.06 (1.06–1.07) < 0.001 1.04 (1.03–1.05) < 0.001 1.00 (0.97–1.03) 0.975

AV, arteriovenous access; aHR, adjusted hazard ratio; CI, confidence interval; CVC, central venous catheter; DM, diabetes mellitus; 
HTN, hypertension; CAD, coronary artery disease; CVA, cerebrovascular accident; PVD, peripheral vascular disease
Stratified age groups include 65–69, 70–79, 80–89, and ≥ 90 years. aHRs are calculated using the AV group as the reference.
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