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Abstract 

Background  Selecting the appropriate vascular access type for elderly patients before initiating hemodialysis 
presents a challenge, given their limited life expectancy and multiple comorbidities. This systematic review aims 
to evaluate whether initial arteriovenous access (AVa), including arteriovenous fistulas (AVF) and/or arteriovenous 
grafts (AVG), offers a benefit in reducing the risk of all-cause mortality compared to central venous catheters (CVC) 
for patients aged ≥ 65 years.

Methods  We conducted searches in PubMed (from 1946 to March 20, 2023), Embase (from 1947 to 20 March 20, 
2023), and the Cochrane Library to identify studies comparing the use of CVC with AVa as the initial vascular access 
in hemodialysis patients aged ≥ 65 years. The primary outcome of interest was all-cause mortality. We pooled the haz-
ard ratio (HR) and 95% confidence intervals (CIs) of the included studies using a random-effect model. The Newcas-
tle–Ottawa Scale was employed to assess the risk of bias for each included study.

Results  Ten studies involving over 300,000 patients were included, all of which were retrospective cohort studies. 
Compared to AVa, the use of CVC as the initial dialysis access is associated with a higher incidence of all-cause mortal-
ity in patients aged ≥ 65 years (HR = 1.53, 95%CI = 1.41–1.67, I2 = 74.9).

Conclusion  In this analysis, we observed an increased risk of death in elderly patients initiating dialysis with CVC 
compared to those using AVa. However, the retrospective cohort studies included in this analysis are susceptible 
to selection bias, indicating that further randomized controlled trials are necessary to confirm these findings.

Funding  This systematic review and meta-analysis were not funded.

Registration  The protocol of this systematic review has been registered in the PROSPERO registry (CRD42023435577; 
https://​www.​crd.​york.​ac.​uk/​prosp​ero).
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Introduction
Hemodialysis (HD) is one of the life-sustaining treat-
ment modalities for patients with end-stage renal disease 
(ESRD) in all age groups. Adequate hemodialysis depends 
on proper vascular access (VA), which involves arterio-
venous fistula (AVF), arteriovenous graft (AVG), and cen-
tral venous catheter (CVC). Vascular access infection and 
intervention may be the leading causes of hospitalization 
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and mortality in HD patients [1]. Therefore, selecting the 
optimal vascular access for individuals is crucial.

Data from the United States Renal Data System 
(USRDS) indicated that incidence of ESRD among indi-
viduals aged ≥ 65  years remains the highest in all age 
stratifications and the mortality increased more rapidly 
among the elderly HD patients than in younger patients 
between 2019 and 2020 [2]. A number of retrospective 
cohort studies have found that catheter use is associ-
ated with higher mortality compared with fistula or graft 
in adult HD patients [3–16]. As a result, arteriovenous 
access (AVa), which includes AVF and AVG, is currently 
recommended as the preferred vascular access for the 
general HD population according to clinical practice 
guidelines [17, 18]. However, AVa, particularly AVF is 
more commonly placed in younger patients with fewer 
comorbidities. This trend indicates that nephrologists are 
less likely to refer older patients with limited life expec-
tancy and multiple comorbidities for AVF placement [19]. 
Several studies have demonstrated that elderly patients 
exhibit a relatively higher risk of failure to maturation 
or experience longer maturation times of pre-emptively 
placed AVF compared to their younger counterparts [20–
23]. In the case of AVG, their use is limited due to higher 
intervention rates required to maintain patency [24]. As a 
consequence, catheters remain the most commonly uti-
lized vascular access method among elderly patients at 
the initiation of HD [2]. Therefore, we conducted a sys-
tematic review and meta-analysis to quantify the risk of 
all-cause mortality in elderly patients who initiated HD 
with CVC compared to those who began HD with pre-
emptively placed AVa.

Methods
The methodology adhered to the PRISMA guidelines and 
included the  PRISMA  flow diagram. Additionally,  the 
protocol has been registered in the PROSPERO registry 
(CRD42023435577; https://​www.​crd.​york.​ac.​uk/​prosp​
ero).

Data sources and search strategies
We conducted searches in PubMed (from 1946 to 
March  20, 2023), Embase (from 1947 to  March  20, 
2023) and the Cochrane Library, without imposing any 
language restrictions, to identify relevant studies. We 
did not restrict the age of the population in our search 
strategy, as doing so could potentially exclude studies 
that included subgroups of the elderly population. The 
detailed retrieval strategy is outlined in Supplemen-
tary Table  1. Concurrently, the reference lists of the 
included studies were hand-searched at the same time. 
We conducted a preliminary screening of the titles and 
abstracts before retrieving the full texts of relevant 

studies. This retrieval process was carried out indepen-
dently by two reviewers, and any disagreements were 
resolved through discussion.

Eligibility criteria and study selection
We defined the elderly as individuals aged ≥ 65  years; 
however, the definition of elderly varies significantly 
across studies. Consequently, we included the studies 
that enrolled elderly population across any age range 
starting from 65 years, as well as those that comprised 
subgroups of the elderly. Our objective was to inves-
tigate whether incident elderly patients could benefit 
from preemptively placed arteriovenous access (AVa) 
compared to central venous catheters (CVC). There-
fore, we included studies that compared CVC with 
either fistulas or grafts, or a combination of the two. We 
excluded articles that enrolled prevalent patients who 
had undergone hemodialysis for an extended period, 
as well as those that analyzed the vascular access used 
after the initiation of hemodialysis. Longitudinal cohort 
studies, case–control studies, and controlled clinical 
trials were all deemed eligible for inclusion. The pri-
mary outcome measured was all-cause mortality, while 
the secondary outcomes were cardiovascular-related 
mortality and all-cause infection-related mortality. 
Studies should present estimates of relative risk (RR), 
hazard ratio (HR), or odds ratio (OR) along with con-
fidence intervals (CIs) or standard errors for the asso-
ciation between the type of initial vascular access and 
mortality. In cases where relevant studies reported 
potentially overlapping cohorts, we selected the study 
with the largest cohort to avoid data duplication.

Data extraction and quality assessment
Two reviewers utilized a standardized form to extract 
data, including the first author, publication year, study 
type, region, data source, study period, duration of fol-
low-up, cohort size, mean age, percentage of male partic-
ipants, eligibility criteria for study entry, definition of the 
elderly, and adjustments for confounders. In instances 
where studies employed multiple multivariable adjusted 
models to assess risk estimates, we selected the estimates 
from the model that included the most comprehensive 
set of variables.

Additionally, two reviewers independently evaluated 
the risk of bias in the eligible studies using the Newcas-
tle–Ottawa Scale (NOS), which is designed to assess the 
quality of nonrandomized studies [25]. The maximum 
score was 9 points; studies that achieved 7 points or 
above were classified as high quality, while those scoring 
6 points or below were categorized as low quality [26].
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Statistical analysis
We pooled the risk estimates and 95% confidence inter-
vals (CIs) of the included studies using the Inverse Vari-
ance fixed effect model, unless high heterogeneity was 
present, in which case we employed the DerSimonian-
Laird random effects model. A HR > 1 indicated a higher 
risk of mortality associated with CVC as initial vascular 
access. The 95% CI represents the potential range of the 
pooled HR; if the CI included 1, the result was deemed 
not statistically significant.

We utilized the Chi-Squared test and I2 test to evalu-
ate heterogeneity across the included studies. A P-value 
of less than 0.05 from the chi-squared test indicated 
significant heterogeneity. The  I2 test was employed to 
assess the impact of heterogeneity on our analysis with 
I2 values  categorized as follows: 0–25% indicating low 
heterogeneity, 25–50% moderate heterogeneity, 50–75% 
substantial heterogeneity, and 75–100% high heteroge-
neity. We conducted subgroup analyses based on data 
source, definition of elderly, region, follow-up duration, 
and sample size to investigate sources of heterogeneity. 
A P-value of less than 0.05 for differences between sub-
groups was considered significant. To explore the asso-
ciation between initial vascular access type and mortality 
across different age subgroups, we performed additional 
analyses categorizing patients into the following age 
groups: 65–74, 75–84, and ≥ 85 years.

To assess the robustness of our results, we conducted a 
sensitivity analysis by omitting the included studies one 
at a time. Eight studies reported potentially overlapping 
cohorts, and we included these studies separately in the 
sensitivity analyses [27].

To identify potential small-sample effects, we created a 
funnel plot and tested its asymmetry using Egger test.

We used GRADEpro GDT to create a “Summary 
of findings” table to report the certainty of evidence ( 
GRADEpro GDT). According to GRADEpro GDT, we 
assigned four levels of quality of evidence: high, moder-
ate, low, and very low.

Statistical analyses were performed using Stata 14.0 
software (STATA  Corporation, College Station, TX, 
USA).

Results
Study selection, characteristics and risk of bias
We identified 6462 citations through electronic searches 
and an additional 12 citations from reference lists after 
removing duplicates. The flow of the identification pro-
cess is illustrated in Fig. 1. 17 studies met our inclusion 
criteria. Among these, eight studies utilized the same 
data source (USRDS) and had overlapping study periods 
[28–35], so we selected the study with the largest cohort 
to avoid data duplication [29]. Ultimately, we included 
ten studies in the meta-analysis, which collectively 
reported data on more than 300,000 patients, all of which 
were cohort studies [29, 36–44]. The characteristics of 
the included studies are presented in Table 1.

Five studies were conducted in North America, two in 
Europe, and two in Asia, while one study included data 
from North and South America, Asia–Pacific region 
and Europe. Among these, eight studies were based on 
the data of elderly subgroup drawn from adult cohorts, 
whereas two were specifically for elderly population. 
Sample sizes were reported for all studies except one [42], 
as we extracted data from a subgroup of an overall cohort 
consisting of 12,719 participants, and the specific num-
ber for the subgroup was not disclosed in that study. All 
studies reported a HR with 95% CI using multivariable 
Cox regression analysis.

Table 1  Characteristics of the studies included in the meta-analysis
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According to the NOS score, only one study was 
classified as high-quality (NOS score ≥ 7), while the 
remaining nine studies were deemed low-quality (NOS 
score < 7) (Supplementary Table  2). The distribution of 
bias domains according to the NOS in our analysis is 

presented in Table  2. Selection bias was evident in 90% 
of the studies, as all included studies were retrospective. 
The choice of vascular access type was not determined 
by randomized grouping but was instead influenced 
by patients’ health status and vascular conditions. The 

Fig. 1  Flow diagram of identification process

Table 2  Distribution of bias domains of NOS for each included study
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cohorts receiving CVC tended to have poorer physi-
cal conditions and limited life expectancies. Although 
each study adjusted for confounders to varying extents, 
the potential for selection bias persisted. Notably, Quinn 
et al. [41] restricted the patient population to those who 
underwent a fistula attempt, thereby ensuring that the 
baseline health statuses of the two groups were compa-
rable [41].

Whole group outcomes
All-cause mortality was reported in ten articles. Com-
pared to patients who initiated HD with pre-emp-
tively established AVa, those who began HD with CVC 
exhibited a 53% increased risk of all-cause mortality 
(HR = 1.53, 95%CI = 1.41–1.67, I2 = 74.9, Fig.  2). Only 
two studies reported cardiovascular-related mortality 
and infection-related mortality respectively [28, 39]. The 
pooled estimates indicated that CVC was also associated 
with a higher risk of both cardiovascular-related mortal-
ity (HR = 2.13, 95%CI = 1.37–3.29) and infection-related 
mortality (HR = 2.57, 95%CI = 1.61–4.12) compared to 
AVa (Supplementary Fig. 1, Fig. 2). However, the limited 
number of included cohorts precludes drawing a credible 
conclusion.

Subgroup analysis
We conducted subgroup analyses to explore the sources 
of heterogeneity in the analysis of all-cause mortality 
(I2 = 74.9%) using predefined characteristics of eligible 

studies, including data source, definition of elderly, 
region, follow-up duration, and sample size (Supple-
mentary Figs.  3–7). However, the I2  remained high 
within the subgroups and the heterogeneity remained 
unexplained (Table 3).

The choice of vascular access type was not deter-
mined by randomized grouping; rather, it was 
influenced by patients’ health status and vascular con-
ditions. Clinical experience indicates that patients with 
poorer physical conditions and multiple comorbidities 
are more likely to be recommended for treatment with 
CVC. To mitigate selection bias, each study included in 
our analysis was adjusted for various confounding fac-
tors including sex, age, comorbidities, laboratory indi-
cators, and medications to varying degrees; however, 
the specific items included in these adjustments var-
ied significantly (Supplementary Table  4). This varia-
tion may partly account for the heterogeneity observed 
among the different studies. To further investigate this 
heterogeneity, we conducted post-hoc subgroup analy-
ses based on three criteria: (1) whether the number of 
adjusted comorbidities was ≥ 3, (2) whether laboratory 
indicators were adjusted, and (3) whether pre-dialysis 
care was adjusted, as listed in Table  1. The results of 
these subgroup analyses indicated that none of these 
factors could sufficiently explain the observed hetero-
geneity among the studies (Supplementary Fig.  8–10). 
Given that it is common for patients to experience 
conversions of their VA type, particularly during the 

Fig. 2  Forest plot for risk of all-cause mortality for the use of central venous catheter vs. arteriovenous access at the initiation of hemodialysis 
in the elderly
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first year after initiating dialysis, the varying propor-
tions of VA type conversions may also contribute to the 
observed heterogeneity.

Subgroup analyses were subsequently conducted based on 
different age categories. The results indicated that patients 

with CVC as their initial dialysis access experienced higher 
mortality rates compared to those who initially used AVa 
in the age subgroups of 65–74, 75–84, and over 85  years 
(HR = 1.53, 95% CI = 1.32–1.76; HR = 1.38, 95% CI = 1.22–
1.57; and HR = 1.48, 95% CI = 1.40–1.56, respectively) (Fig. 3).

Table 3  Subgroup analyses of the association between all-cause mortality and the use of central venous catheter vs. arteriovenous 
access according to study characteristics

a Raimann et al. (2017) [42] comprised pre-set region groups of North America, Asia and Europe, and we separately included them into our subgroup analyses

Fig. 3  Subgroup analyses of the association between all-cause mortality and the use of central venous catheter vs. arteriovenous access according 
to different age category
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Sensitivity analysis and small‑sample effect
The superior survival rate in patients utilizing AVa 
as initial dialysis access compared to those using 
CVC remained consistent in sensitivity analyses that 
excluded eligible studies one at a time (Supplemen-
tary Fig.  11). We also incorporated the other seven 
duplicated cohorts into our analysis, and the results 
remained robust [28, 30–35] (Supplementary Table 4).

Although the funnel plot displayed some asymmetry 
(Supplementary Fig.  12), we performed the Egger test 
to assess this asymmetry. The results indicated no evi-
dence of a small-sample effect (P = 0.907).

Certainty of evidence
Based on the evaluation conducted using GRADEpro, 
the level of evidence for this finding is assessed to be 
very low (Supplementary Table  5). The primary limi-
tations arise from the study design, which presents 
a serious risk of bias, as well as inconsistencies in the 
research findings.

Discussion
Advanced age is recognized as an independent risk fac-
tor for maturation failure of arteriovenous fistula [21, 
45] and inferior patency rates [21]. Elderly patients face a 
dilemma when selecting vascular access for hemodialysis, 
as both patients and physicians often prefer catheters due 
to the limited life expectancy and presence of comorbidi-
ties. However, the findings of this systematic review and 
meta-analysis provide evidence that the use of CVC at 
the initiation of hemodialysis is associated with a higher 
risk of mortality compared to preemptively placed AVa. 
In terms of type-specific cardiovascular-related mortal-
ity and infection-related mortality, two cohort studies 
indicate that CVC as initial HD access is associated with 
lower survival rate compared to AVa, which is consistent 
with findings from studies involving adult HD patients 
[3–16].

According to the cause-specific mortality data for 
hemodialysis patients reported in the annual report of 
USRDS, over half of the deaths with a known cause were 
attributed to cardiovascular disease, followed by all-cause 
infection accounting for 16.7% [2]. The distribution of 
causes of death among elderly patients exhibits a simi-
lar pattern [46]. In our review, we identified two studies 
indicating that elderly patients who initiated HD with a 
catheter had a higher risk of both cardiovascular-related 
and infection-related mortality compared to those who 
began HD with an AVa. This finding may contribute to 
the increased all-cause mortality observed in patients 
who initiated HD with a catheter; however, the limited 

number of included cohorts prevents us from drawing a 
definitive conclusion.

The following mechanism may account for the 
increased mortality observed in patients with CVC. The 
insertion of a catheter creates a foreign surface that facili-
tates bacteria colonization and the formation of biofilm, 
which can induce antimicrobial resistance. In the context 
of the compromised immune system present in patients 
with ESRD, catheter is associated with a higher risk of 
infection and mortality [47].

In addition, several studies have suggested that inflam-
mation status, as indicated by the marker C-reactive 
protein (CRP), predict all-cause and cardiovascular mor-
tality in hemodialysis patients by mediating endothelial 
dysfunction and accelerating atherosclerosis [48–50]. 
A subsequent study revealed that CRP levels in patients 
receiving dialysis through a non-infected catheter were 
higher compared to those receiving dialysis via a fistula 
[51]. This inflammation status, independent of infection 
in patients utilizing CVC, may contribute to the observed 
increase in mortality.

However, Ravani et al. [52] found that the associations 
between access type and all-cause mortality were nearly 
identical in models that excluded and included access 
complications. The hazard ratios were 2.00 (95% confi-
dence interval, 1.55 to 2.58) for CVC compared to AVF 
when access complications were excluded, and 2.01 (95% 
confidence interval, 1.56 to 2.59) when access complica-
tions were included [52]. Another study by Quinn et al. 
[41] reported that among incident HD patients who had 
undergone a pre-dialysis fistula attempt, the inferior sur-
vival rate in patients treated with CVC was not related 
to complications of vascular access when compared 
to those using fistula as their vascular access [41]. It is 
likely that the association between VA type and all-cause 
mortality was influenced by factors independent of VA 
complications.

This study has strengths. It presents a quantitative 
analysis of the relationship between vascular access 
and outcomes in incident elderly HD patients, which to 
our knowledge, was conducted by few researchers. Our 
research findings indicate that AVa provides a significant 
survival advantage as the initial dialysis access for elderly 
patients, which has important implications for clinical 
practice. It has been reported that nearly 40% of patients 
begin dialysis late due to delayed referral to nephrolo-
gists, and such late referral (defined as less than three 
months prior to the initiation of dialysis) are associated 
with increased mortality during the first year of treat-
ment [53]. These patients often experience emergencies, 
primarily acute pulmonary edema or hyperkalemia, and 
consequently start dialysis using CVCs during hospi-
talization; this group is referred to as “crashlander”.The 
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emergent initiation of dialysis via CVC is linked to high 
rates of mortality and hospitalization [54]. Therefore, 
timely referrals and early access planning are essential for 
improving patient outcomes. Early planning facilitates 
adequate pre-dialysis preparation and ensures the selec-
tion of the most appropriate access type. Preoperative 
vascular assessment is critical in determining the feasi-
bility and success rates of AVF or AVG creation. Routine 
preoperative vascular imaging has been shown to signifi-
cantly enhance the placement of AVF and improve the 
adequacy of forearm fistulas for dialysis [55]. Further-
more, vascular assessment can help identify patients who 
are unsuitable for AVF, thereby avoiding unnecessary sur-
geries and associated complications.

We acknowledge that our analysis has some limita-
tions. First, the studies included in our analysis may 
exhibit potential selection bias. In current clinical 
practice, maintenance hemodialysis patients are still 
advised to select an AVF as the preferred method of 
vascular access. However, this recommendation intro-
duces inherent selection bias, as patients utilizing CVC 
often present with poorer health conditions. Several 
studies have identified common reasons for the use of 
CVCs, including inadequate pre-dialysis care, lack of 
surgical referral, failure to recover from acute kidney 
injury, an unexpectedly rapid decline in kidney func-
tion, transitions in dialysis modalities due to compli-
cations related to peritoneal dialysis, or changes in 
the decision regarding the initial dialysis method [56, 
57]. Patients who initiate dialysis urgently are con-
sidered to be at a higher risk of mortality. To mitigate 
selection bias, each study included in our analysis was 
adjusted for various confounders. Moreover, one study 
excluded CVC that could not be converted to alterna-
tive vascular access [36], while three studies excluded 
deaths occurring within three months of initiating 
dialysis to eliminate fatalities attributable to pre-exist-
ing health conditions [29, 37, 39]. It is reported that, 
among patients aged ≥ 70 years, the use of CVCs has a 
more pronounced effect on outcomes than urgent ini-
tiation [58]. Large cohort studies can also help mitigate 
selection bias to some extent. Consequently, it remains 
unclear whether the selection bias is substantial enough 
to reverse the results, and the limitation does not pre-
clude the utility of analyzing results from retrospective 
cohort studies. Notably, Quinn et al. [41] reported that 
in patients aged ≥ 65  years who underwent a predialy-
sis fistula attempt, there was no significant difference 
in mortality between the CVC and AVF groups. They 
limited the patient population to individuals who had 
undergone a predialysis fistula attempt, ensuring that 
the baseline health status of the two groups was as 
comparable as possible [41]. This result is contrary to 

the findings from other studies included in our analy-
sis, which did not limit the population to individuals 
who had previously attempted arteriovenous access 
before initiating dialysis. One possible explanation is 
that, as previously mentioned, individuals who start 
dialysis urgently are treated preferentially with CVC 
in the unrestricted elderly population and may exhibit 
poorer health status. However, it is important to note 
that the population who has attempted AVF creation 
before initiating dialysis exhibits notable differences in 
medical interventions, including dialysis protocols and 
the quality of care, compared to those who have not. 
These differences may also influence patient survival 
rates, potentially obscuring the survival benefits associ-
ated with AVF. In this context, only double-blind ran-
domized controlled trials can effectively minimize this 
selection bias. Nevertheless, our literature search indi-
cates that no randomized controlled studies have been 
conducted to randomly assign patients based on their 
initial choice of vascular access. Achieving such rand-
omization is challenging, as variations in vascular con-
ditions, comorbidities, life expectancy and urgency of 
the condition among patients can significantly influence 
the decision to utilize either an AVa or a CVC. Second, 
preoperative vessel assessment is crucial for determin-
ing the appropriate type of vascular access. Unfor-
tunately,  none of the ten included studies addressed 
whether a vascular assessment was conducted prior to 
establishing vascular access, nor did they specify the 
method of vascular evaluation performed. This omis-
sion raises concerns regarding potential confounding 
factors. To address this gap, it is recommended that 
future studies systematically document vascular status 
and preoperative vessel assessment methods before the 
establishment of access.  Third, our analysis was based 
on the type of vascular access at the point of dialysis 
initiation. However, it is common for patients to expe-
rience conversions of their VA type, particularly dur-
ing the first year after initiating dialysis. Given that 
AVF maturation can take 3–12 months [59], patients 
who require the initiation of hemodialysis via a CVC 
in emergency situations may be advised to establish an 
AVF or AVG once their health has stabilized, contin-
gent upon the suitability of their vascular conditions. 
Furthermore, AVF or AVG may be abandoned due to 
complications such as maturation failure, thrombosis, 
or stenosis, which can impede adequate patency [60]. 
This variability may lead to misclassification of the 
VA type, potentially affecting the observed associa-
tion between VA type and mortality [61]. Several stud-
ies subdivide VA types into different groups, including 
CVC only, AVF/ AVG only, placement of AVF/AVG 
from CVC and placement of CVC from failed AVF/
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AVG, and conduct pairwise comparisons. However, the 
majority of these studies have been primarily focused 
on adult populations, which highlights a significant 
gap in the evidence concerning elderly patients. Lastly, 
the heterogeneity in our analysis were substantial and 
the prespecified subgroup analysis cannot identify the 
potential source of the heterogeneity. We speculate 
that the heterogeneity arises from residual selection 
bias and variation in proportion of conversion of VA 
type subsequently. Given the above bias of observa-
tional studies, future randomized controlled trials are 
necessary.

Conclusions
In the elderly population undergoing hemodialysis pop-
ulation, the use of CVC as the initial vascular access is 
associated with higher mortality compared to AVa. This 
association remains significant in the subgroup of very 
elderly patients (those over 85 years of age). However, the 
strength of the available evidence is limited by potential 
selection bias inherent in cohort studies; therefore, rand-
omized controlled trials should be prioritized.
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