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ABSTRACT:  

Background: Persistent central venous catheter dependence after hemodialysis 

initiation is clinically important, but transition to definitive arteriovenous access is poorly 

characterized in Saudi Arabia. 

Methods: We performed a retrospective multicenter secondary cohort analysis of adults 

receiving maintenance hemodialysis at two centers in Al-Ahsa. Patients whose first 

documented access was a permanent catheter were followed through recorded access 

history. The primary outcome was subsequent arteriovenous fistula or graft 

establishment. Modified Poisson regression with robust variance estimated adjusted risk 

ratios. 

Results: Among 264 catheter-initiating patients, 144 (54.5%; 95% CI 48.5-60.4%) 

subsequently established arteriovenous access; 136 received fistulas and eight grafts. 

Median time to creation was 4.3 months (IQR 1.8-12.9). Cardiovascular comorbidity was 

independently associated with lower transition probability (aRR 0.60, 95% CI 0.42-0.84; 

p=0.003). Recent ESKD diagnosis, refusal, prior access failure, low ejection fraction, 

and surgical unsuitability were common barriers. 

Conclusions: Nearly half of catheter-initiating patients lacked documented definitive 

arteriovenous access. Structured, individualized transition pathways may reduce 

avoidable catheter dependence. 

 

INTRODUCTION 

Hemodialysis vascular access is a central component of care for patients with kidney failure. Chronic kidney disease also 

constitutes a substantial health burden in Saudi Arabia, where recent population-based data have documented clinically 

important CKD prevalence and a steep increase with advancing age.1 For patients progressing to maintenance hemodialysis, 

vascular-access planning must balance immediate dialysis requirements with long-term access durability, complications, 

vascular anatomy, comorbidity, life expectancy, and individual preferences. 

The 2019 Kidney Disease Outcomes Quality Initiative (KDOQI) guideline moved vascular-access practice away from a rigid 

“fistula first” strategy toward an individualized End-Stage Kidney Disease Life-Plan.2 Nevertheless, avoidable prolonged use 
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of central venous catheters remains undesirable. Observational evidence consistently associates catheter-based hemodialysis 

with greater infection and mortality risks than usable arteriovenous access, although part of this relationship reflects 

differences in underlying patient health and selection.3 

Catheter initiation remains common internationally. Dialysis Outcomes and Practice Patterns Study data demonstrated 

substantial variation in vascular-access practice and showed that catheter use at dialysis initiation remains frequent even in 

healthcare systems with established predialysis nephrology services.4 Moreover, creation of an arteriovenous fistula (AVF) 

does not necessarily result in rapid catheter independence. International DOPPS data show marked variability in time from 

AVF creation to successful catheter-free dialysis, particularly when fistulas fail to mature or cannot be successfully 

cannulated.5 

The clinically relevant question is therefore not simply which access a patient has at one point in time, but whether a patient 

who begins dialysis through a catheter subsequently progresses to usable definitive arteriovenous access. Previous studies 

suggest that successful conversion is associated with more favorable outcomes than continued catheter dependence.6-8 

However, real-world data describing this transition are limited in Saudi Arabia. 

Saudi physicians have previously identified late nephrology referral, inadequate predialysis preparation, patient denial, fear of 

dialysis, and refusal of AVF surgery as important causes of delayed permanent access establishment.9 Understanding which 

patients remain catheter dependent and why may therefore provide a more actionable quality-of-care measure than simple 

cross-sectional vascular-access prevalence. 

The underlying Al-Ahsa dataset has previously been used to describe overall vascular-access patterns, current access 

outcomes, and correlates of access failure.10 The present study addresses a distinct question by restricting analysis to patients 

whose first documented hemodialysis access was a catheter and reconstructing their subsequent trajectory toward AVF or 

arteriovenous graft (AVG) creation. 

The objectives were to determine the proportion of catheter-initiating patients who subsequently established AVF/AVG 

access, characterize the timing and type of transition, describe barriers among patients without transition, and identify patient 

characteristics independently associated with definitive arteriovenous-access establishment. 

METHODS 

Study design and setting 

This was a retrospective multicenter secondary cohort analysis of adults receiving maintenance hemodialysis at two dialysis 

centers in Al-Ahsa, Eastern Province, Saudi Arabia. 

The underlying clinical data were collected during 2024 and contained demographic, clinical, dialysis, laboratory, cardiac, and 

vascular-access information. The present analysis was designed specifically to investigate the sequence from initial catheter use 

to subsequent arteriovenous-access establishment. 

Reporting was guided by the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement.11 

Source data and relationship to previous publication 

The updated source files contained 381 patient records. A previous publication from the underlying cohort examined cross-

sectional vascular-access patterns, access status, complications, and predictors of access failure.10 

The present study used a distinct eligibility criterion, primary outcome, exposure framework, and statistical analysis. 

Specifically, only patients whose first documented dialysis access was a catheter were included, and subsequent establishment 

of AVF/AVG was reconstructed from the longitudinal access fields. 

Participants 

Patients were eligible if they were adults receiving maintenance hemodialysis for kidney failure; had an internal jugular or 

femoral permanent catheter documented as their first dialysis access; and had sufficient subsequent access information to 

determine whether AVF or AVG creation occurred. Patients whose first documented access was already an AVF or AVG 

were excluded because they were not at risk for the transition of interest. A total of 264 patients satisfied the eligibility criteria. 
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Outcome definitions 

Primary outcome. The primary outcome was establishment of definitive arteriovenous access, defined as subsequent 

documentation of an AVF or AVG after initial dialysis through a catheter. Patients were categorized as transitioned when a 

subsequent AVF or AVG was documented, or as having no documented transition when no subsequent AVF or AVG was 

recorded. 

Functional transition. A secondary outcome required both AVF/AVG establishment and documentation that the access 

was well functioning at the time of assessment. 

Time to access creation. For patients with valid dates for both catheter initiation and AVF/AVG creation, elapsed time was 

calculated in months using the difference between the two recorded dates divided by 30.44 days. 

Candidate explanatory variables 

Variables considered for the primary adjusted model were chosen a priori on the basis of clinical relevance, temporal 

interpretability, and data completeness: age, sex, dialysis center, diabetes mellitus as the primary etiology of ESKD, and 

cardiovascular comorbidity. 

Cardiovascular comorbidity was defined by documented ischemic heart disease, coronary disease, congestive heart failure, 

dilated or ischemic cardiomyopathy, or equivalent clinically significant cardiac disease. 

Body mass index, smoking, laboratory results, and ejection fraction were not included in the primary adjusted etiologic model 

because missingness was substantial for some variables or the dataset could not consistently establish that measurement 

preceded AV-access creation. 

Barriers to arteriovenous access 

For patients without AVF/AVG transition, free-text reasons were harmonized into clinically meaningful categories: 

recent/new ESKD diagnosis; patient refusal; previous access failure; reduced ejection fraction; not a surgical candidate; 

technical difficulty; peripheral arterial disease; superior vena cava syndrome; unclear diagnosis; unknown/unspecified; and no 

reason documented. Future AV-access plans were also summarized. 

Statistical analysis 

Continuous variables were summarized as mean ± standard deviation when appropriate and as median with interquartile 

range (IQR) when distributions were skewed. Categorical variables were presented as frequencies and percentages. The 

primary transition proportion was accompanied by a Wilson 95% confidence interval. 

Because the primary outcome occurred in more than half of the cohort and was therefore not rare, modified Poisson 

regression with robust sandwich variance was used to directly estimate adjusted risk ratios (aRRs) and 95% confidence 

intervals.12 Age was modeled continuously per 10-year increase. Female sex, treatment center, diabetes as ESKD etiology, 

and cardiovascular comorbidity were entered as binary covariates. 

As a sensitivity analysis, multivariable logistic regression was performed using the same predictors. A second modified 

Poisson model used well-functioning AV-access transition as the outcome. Complete-case analysis was used for the primary 

model because the included covariates had complete information in the analytic cohort. No statistical imputation was 

performed. Two-sided p<0.05 was considered statistically significant, with interpretation emphasizing effect estimates and 

confidence intervals. 

RESULTS 

Cohort characteristics 

A total of 264 patients had initiated hemodialysis through an internal jugular or femoral catheter and comprised the analytic 

cohort. 

Mean age was 55.7 ± 16.8 years, and median age was 59 years (IQR 42-69). Ninety-seven patients (36.7%) were women. 

Diabetes mellitus was the documented primary etiology of ESKD in 181 (68.6%), and 67 (25.4%) had cardiovascular 

comorbidity. 
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Forty-three patients were treated at one participating center and 221 at the second center. Internal jugular access represented 

the first catheter site in 250 patients (94.7%) and femoral access in 14 (5.3%). 

Table 1. Characteristics according to subsequent arteriovenous-access establishment 

Characteristic Transitioned n=144 No transition n=120 

Age, mean ± SD, years 55.1 ± 16.5 56.4 ± 17.1 

Age, median (IQR), years 56.5 (42.0-68.0) 59.0 (40.8-69.0) 

Female sex 55 (38.2%) 42 (35.0%) 

Diabetes as primary ESKD etiology 98 (68.1%) 83 (69.2%) 

Cardiovascular comorbidity 24 (16.7%) 43 (35.8%) 

Center 1 19 (13.2%) 24 (20.0%) 

Femoral initial catheter 7 (4.9%) 7 (5.8%) 

 

Abbreviations: ESKD, end-stage kidney disease; IQR, interquartile range; SD, standard deviation. 

Transition to definitive arteriovenous access 

Of the 264 catheter-initiating patients, 144 subsequently established an AVF or AVG, corresponding to a transition 

proportion of 54.5% (95% CI 48.5-60.4%). The remaining 120 patients (45.5%) had no subsequent definitive arteriovenous 

access documented. 

Among patients who transitioned, 136 (94.4%) received an AVF and 8 (5.6%) received an AVG. A well-functioning 

AVF/AVG was documented in 139 patients, representing 96.5% of those who transitioned and 52.7% (95% CI 46.6-58.6%) 

of the total catheter-initiating cohort. 

Among 132 transitioned patients with complete dates, median time from initial catheter access to AVF/AVG creation was 

4.3 months (IQR 1.8-12.9 months). Fifty-five of 132 patients (41.7%) had access creation within 3 months, 76 (57.6%) within 

6 months, and 96 (72.7%) within 12 months. 

Table 2. Catheter-to-arteriovenous-access transition outcomes 

Outcome n (%) or summary 

Catheter-initiating cohort 264 

Subsequent AVF/AVG 144 (54.5%) 

No documented AVF/AVG 120 (45.5%) 

AVF among transitioned patients 136 (94.4%) 

AVG among transitioned patients 8 (5.6%) 

Well-functioning AVF/AVG 139/144 (96.5%) 

Functional transition, total cohort 139/264 (52.7%) 

Complete transition dates 132 

Time to AVF/AVG creation, median (IQR) 4.3 (1.8-12.9) months 
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Barriers among patients without transition 

Among 120 patients without documented AVF/AVG transition, the most frequent recorded category was an unknown or 

unspecified reason (21.7%). A recent diagnosis of ESKD was recorded in 20.8%, patient refusal in 13.3%, previous access 

failure in 12.5%, low ejection fraction in 10.8%, and lack of surgical candidacy in 8.3%. 

Twenty-nine patients (24.2%) had a documented future plan to pursue AV access, whereas 17 (14.2%) had a documented 

plan not to pursue AV access. Future plans were unknown or unrecorded in the remainder. 

Table 3. Documented barriers to AVF/AVG establishment among patients without transition (n=120) 

Barrier n (%) 

Unknown/unspecified 26 (21.7) 

Recent/new ESKD diagnosis 25 (20.8) 

Patient refusal 16 (13.3) 

Previous access failure 15 (12.5) 

Low ejection fraction 13 (10.8) 

Not a surgical candidate 10 (8.3) 

No barrier documented 9 (7.5) 

Technical difficulty 3 (2.5) 

Peripheral arterial disease 1 (0.8) 

Superior vena cava syndrome 1 (0.8) 

Unclear diagnosis 1 (0.8) 

 

Factors associated with transition 

In modified Poisson regression, cardiovascular comorbidity was independently associated with a lower probability of 

AVF/AVG establishment. After adjustment for age, sex, treatment center, and diabetes as ESKD etiology, patients with 

cardiovascular comorbidity had an approximately 40% lower probability of transition than patients without documented 

cardiovascular disease (aRR 0.60, 95% CI 0.42-0.84; p=0.003). Age, sex, treatment center, and diabetic ESKD were not 

independently associated with transition. 

Table 4. Multivariable model for subsequent AVF/AVG establishment 

Predictor Adjusted risk ratio 95% CI p-value 

Age, per 10-year increase 1.00 0.93-1.08 0.921 

Female sex 1.09 0.86-1.37 0.477 

Center 1 vs Center 2 0.89 0.61-1.30 0.552 

Diabetes as ESKD etiology 1.04 0.81-1.34 0.739 

Cardiovascular comorbidity 0.60 0.42-0.84 0.003 

 

The sensitivity logistic-regression model yielded the same substantive conclusion. Cardiovascular comorbidity remained 

independently associated with reduced odds of transition (adjusted OR 0.37, 95% CI 0.20-0.67; p=0.001). Similarly, when the 

secondary outcome was restricted to a well-functioning AVF/AVG, cardiovascular comorbidity remained independently 

associated with lower functional-transition probability (aRR 0.60, 95% CI 0.42-0.87; p=0.007). 
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DISCUSSION 

Principal findings 

This multicenter study examined vascular access as a clinical trajectory rather than as a cross-sectional access category. Only 

slightly more than half of adults who began maintenance hemodialysis through a catheter subsequently had an AVF or AVG 

documented, while 45.5% remained without documented definitive arteriovenous access. Among patients who did transition, 

AVF predominated and functional status was favorable. However, median time to access creation exceeded four months, and 

more than one quarter of patients with complete dates had not undergone AV-access creation within the first year. The most 

important patient-level finding was the association between cardiovascular comorbidity and transition. After adjustment, 

cardiovascular disease was associated with approximately 40% lower probability of definitive arteriovenous-access 

establishment. 

Catheter dependence as a care pathway 

The findings add a different perspective to conventional vascular-access prevalence studies. International data have 

demonstrated that catheter initiation remains frequent and that subsequent catheter dependence can persist even after an 

AVF has been created.4,5 In the French REIN registry, a substantial proportion of patients beginning hemodialysis with 

nonfunctional arteriovenous access never achieved successful conversion during follow-up.7 Conversely, patients who 

eventually converted to functional access had outcomes more similar to patients who started with functional arteriovenous 

access than to those who remained catheter dependent. Gan et al. likewise reported clinically important differences between 

early catheter-to-AVF conversion and persistent catheter use among incident hemodialysis patients.8 These observations 

support evaluating time to catheter independence and transition success as meaningful dialysis-quality measures. The 54.5% 

transition proportion in our study should not, however, be interpreted as evidence that every remaining patient necessarily 

represented inappropriate catheter use. Contemporary KDOQI guidance explicitly recognizes that vascular-access choice 

must be individualized according to the patient's ESKD Life-Plan, comorbidity, vascular anatomy, prognosis, and treatment 

preferences.2 

Cardiovascular disease and access transition 

Cardiovascular comorbidity emerged as the clearest marker of non-transition. This finding is clinically plausible because 

substantial ischemic heart disease, heart failure, or cardiomyopathy may complicate arteriovenous-access planning and alter 

the balance between the expected benefit of catheter avoidance and the hemodynamic consequences of AV-access creation. 

Importantly, the finding should not be interpreted as evidence that cardiovascular disease is itself a contraindication to AVF 

or AVG creation. Rather, it identifies a group that may benefit from earlier multidisciplinary evaluation involving nephrology, 

vascular-access specialists and, where appropriate, cardiology. The barrier analysis supports this interpretation: reduced 

ejection fraction and designation as not being a surgical candidate together accounted for almost one fifth of patients without 

transition. 

Patient and system barriers 

Several potentially modifiable barriers were also evident. Recent diagnosis of ESKD accounted for approximately one fifth of 

non-transition cases. This may reflect late presentation, rapid deterioration of kidney function, or insufficient time for 

predialysis access planning. Saudi nephrologists have previously identified late referral and inadequate predialysis preparation 

as important contributors to delayed permanent access creation.9 Patient refusal was documented in 13.3%. Effective 

counseling should therefore go beyond simply recommending a fistula and should provide balanced information about 

catheter risks, AVF maturation, potential interventions, and alternatives. Such shared decision-making is consistent with the 

individualized approach advocated by KDOQI.2 Previous access failure represented another clinically important group. 

These patients may require accelerated vascular mapping, alternative access configurations, endovascular or surgical 

reassessment, or individualized consideration of graft access rather than repeated unsuccessful fistula attempts. A further 

quality concern was documentation. Almost 30% of non-transition cases had either an unknown/unspecified reason or no 

recorded reason at all. Without a clearly documented rationale, it is difficult to distinguish appropriate long-term catheter use 

from potentially correctable delay. 
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Clinical implications 

A practical implication is that dialysis programs should monitor not only prevalent catheter rates but the trajectory of every 

patient who initiates dialysis through a catheter. A catheter-transition pathway could include documentation of the reason for 

catheter initiation; an individualized ESKD Life-Plan; vascular assessment and mapping when appropriate; explicit 

documentation of surgical or cardiac contraindications; patient-centered counseling when refusal occurs; a scheduled date for 

access reassessment; and continued follow-up until catheter removal or a documented decision for long-term catheter 

management is reached. Such an approach would distinguish unavoidable catheter use from potentially remediable catheter 

dependence. 

Strengths and limitations 

The study has several strengths. It uses data from two dialysis centers and examines a clinically meaningful sequence from 

first access to subsequent AVF/AVG creation. The primary denominator is clearly defined, and the main outcome is distinct 

from previously reported cross-sectional access-patency analyses. The use of adjusted risk ratios also provides a directly 

interpretable measure for a common outcome. Several limitations require consideration. First, the retrospective design 

prevents causal inference. Associations should therefore be interpreted as markers of transition probability rather than causal 

determinants. Second, the recorded date of AVF/AVG creation does not necessarily represent the date of successful 

cannulation or catheter removal. Accordingly, the primary outcome represents establishment of definitive arteriovenous 

access, not confirmed catheter-free survival. Third, time-to-event methods accounting for competing risks could not be 

performed because complete dates of death, transplantation, transfer, recovery of kidney function, and catheter removal were 

unavailable. Fourth, some clinically important factors—including vessel diameter, vascular mapping findings, previous central 

venous procedures, detailed peripheral vascular disease, surgeon-related factors, and repeated cannulation attempts—were not 

available. Fifth, cardiovascular disease was derived from clinical documentation and represents a heterogeneous group of 

conditions. Sixth, reasons for non-transition were retrospectively recorded and may be susceptible to documentation bias. 

Finally, both centers were located in Al-Ahsa. The findings therefore require external validation before being generalized to 

the wider Saudi dialysis population. 

CONCLUSIONS 

Among adults initiating maintenance hemodialysis through a catheter in two centers in Al-Ahsa, only 54.5% subsequently 

established an AVF or AVG, and approximately one half of the total cohort ultimately had a documented well-functioning 

arteriovenous access. 

Cardiovascular comorbidity was independently associated with substantially lower transition probability, while recent ESKD 

diagnosis, patient refusal, previous access failure, low ejection fraction, and surgical unsuitability represented important 

barriers. 

These findings support moving beyond simple catheter-prevalence measures toward a structured catheter-to-definitive-access 

pathway in which every catheter-initiating patient has a documented rationale, individualized access plan, scheduled 

reassessment, and explicit follow-up until catheter independence or an appropriately documented long-term catheter strategy 

is achieved. 
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