
 

NeuroQuantology | January 2026 | Volume 24 | Issue 1 | Page 269-280 | doi: 10.48047/nq.2026.24.1.26026 
Dr. Ramesh H/ Predictors of Functional Maturation in Native Arteriovenous Fistula for Hemodialysis: A Prospective Study  

 
 

Eissn: _1303-5150  269       www.neuroquan tology.com 

Predictors of Functional Maturation in Native Arteriovenous Fistula for 

Hemodialysis: A Prospective Study 
 

Dr. Ramesh H1, Dr N G Thakappa2, Dr Sharanabasappa Rudrawadi3,  

Dr Shivlalingaiah M4 

 
1Senior Consultant, Department of Urology, Vasavi hospital, Bengaluru, Karnataka, India. 

2Assistant Professor, Department of Urology, Karnataka Institute of Medical Sciences and Research 

Institute. Hubbali, India. 
3Associate Professor, Department of Urology, Gulbarga Institute of Medical Sciences -SSH – Kalaburagi, 

India. 
4Professor, Department of Urology, Institute of Nephro urology Bangalore, India. 

 

 

Received date: 06 October 2025            Revised date: 17 November 2025 

Acceptance date:02 December 2025                  Publication date: 15 January 2026 

 

 

Corresponding author addresses: Dr. Sharanabasappa Rudrawadi, Associate Professor, Department of 

Urology, Gulbarga Institute of Medical Sciences -SSH – Kalaburagi, India. 

Email: lakshya.28.29@gmail.com 

 

 

ABSTRACT 

Background: Native arteriovenous fistulas (AVFs) remain the preferred vascular access for 

hemodialysis, yet functional maturation is frequently unpredictable and influenced by multiple 

anatomical and clinical factors. Identifying reliable predictors of maturation is essential to improve 

access planning, reduce early failure, and minimize dependence on temporary catheters. This 

prospective study evaluated the relative contributions of preoperative vessel characteristics, patient 

demographics, comorbidities, and surgical factors to AVF maturation outcomes. Methods: A 

prospective observational study was conducted on 120 patients undergoing radiocephalic or 

brachiocephalic AVF creation. All participants underwent detailed preoperative Doppler 

ultrasonography, including measurement of cephalic vein and feeding artery diameters. Functional 

maturation was defined as the ability of the AVF to support six consecutive hemodialysis sessions. 

Demographic variables, comorbidities, and anastomotic technique were recorded. Associations 

with maturation were assessed using chi-square tests and independent t-tests, with significance set 

at p < 0.05. Results: The overall functional maturation rate was 70.8%. Cephalic vein diameter 

emerged as the strongest predictor of maturation, with significantly higher success observed when 

diameter exceeded 2.5 mm. Maturation increased progressively with vein size, reaching nearly 

79% in veins >3 mm. Arterial diameter did not significantly influence outcomes. Brachiocephalic 

AVFs demonstrated higher maturation rates than radiocephalic AVFs. Age, sex, diabetes, 
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hypertension, ischemic heart disease, peripheral vascular disease, prior hemodialysis access, and 

anastomotic technique showed no significant association with maturation. Conclusion: Cephalic 

vein diameter is the principal determinant of functional AVF maturation, while patient 

demographics and comorbidities have limited predictive value when adequate vessel anatomy is 

present. Routine preoperative Doppler ultrasound is essential for optimal site selection and should 

guide individualized access planning. When suitable vein calibre is identified, patient age or 

comorbid conditions should not preclude creation of an AVF. These findings support an anatomy-

driven approach to improving vascular access outcomes. 

Keywords: Arteriovenous fistula maturation; Hemodialysis vascular access; Cephalic vein 

diameter; Preoperative Doppler ultrasonography; Predictors of fistula maturation; Radiocephalic 

fistula; Brachiocephalic fistula; Venous remodeling; Vascular mapping; Functional maturation; 

Hemodynamic determinants; End-stage renal disease. 

 

INTRODUCTION 

Chronic kidney disease (CKD) and its terminal stage, end-stage renal disease (ESRD), represent 

an expanding global health challenge driven by aging populations, the diabetes epidemic, and the 

rising prevalence of cardiovascular risk factors. The majority of patients who reach ESRD require 

renal replacement therapy, and hemodialysis remains the dominant treatment modality worldwide. 

Reliable, durable vascular access is therefore central to safe and effective dialysis care, and 

autogenousarteriovenous fistulae (AVF) are widely regarded as the preferred long-term access 

because of superior patency and lower complication rates compared with prosthetic grafts and 

central venous catheters [1]. Despite this preference, a persistent and clinically important problem 

is that a substantial proportion of newly created native AVFs never mature to permit adequate, 

sustained hemodialysis, forcing prolonged catheter dependence or additional access procedures 

that increase morbidity, cost, and patient burden [2]. 

AVF maturation is a complex, time-dependent biological and biomechanical process that requires 

adaptive outward remodeling of the venous outflow and sufficient arterial inflow to produce a 

cannulable, high-flow conduit. Clinical practice guidelines (the KDOQI principles that underpin 

contemporary access care) define practical ultrasound and clinical thresholds for maturation  often 

summarized by the “rule of 6s” yet these static criteria do not fully capture the dynamic remodeling 

process and do not consistently predict which fistulae will become functionally usable [1,3]. 

Contemporary studies highlight that the interplay between preoperative vessel anatomy (venous 

caliber, arterial diameter and wall quality), patient factors (age, diabetes, vascular disease), 

procedural variables (anastomotic technique, site selection) and early postoperative physiology 

(flow volume, venous dilation, and stenosis) determine the likelihood of successful unassisted use 

[4–6]. This multifactorial causation explains the wide variability in reported maturation rates and 

the limited performance of single-variable thresholds when applied to heterogeneous patient 

populations. 

Recent advances in imaging, quantitative ultrasound assessment, and predictive modelling have 

sharpened our understanding of the most influential determinants of AVF outcome. High-

resolution duplex ultrasound performed at 4–6 weeks can quantify early postoperative vein 

diameter and flow and has been repeatedly associated with subsequent successful use; importantly, 

machine-learning and nomogram approaches that integrate early ultrasound metrics with clinical 
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features show markedly better discrimination than traditional rule-based criteria [5,7]. Large 

multicentre datasets and pooled analyses indicate that outflow vein diameter and flow volume are 

especially discriminative predictors, while the presence of flow-limiting stenosis diminishes the 

probability of unassisted use [6,8]. These insights suggest that structured postoperative surveillance 

coupled with risk stratification can identify immature fistulae that may benefit from timely 

intervention to salvage maturation. 

Notwithstanding these methodological advances, heterogeneity in study design, outcome 

definitions, and patient case-mix has limited the translation of predictive models into universal 

clinical practice. Systematic evaluations of prediction tools show promise but also reveal 

methodological shortcomings and inconsistent external validation, underscoring the need for 

parsimonious, generalizable models built on contemporary cohorts and standardized maturation 

endpoints [9]. At the same time, simpler, clinically actionable findings  notably the robust 

association between preoperative venous diameter and functional maturation  remain highly 

relevant for everyday surgical decision-making: evidence consistently shows that larger 

preoperative vein calibres are associated with higher rates of subsequent use, providing a 

pragmatic threshold for site selection and the recommendation for routine preoperative duplex 

mapping in selected patients [2,4,10]. 

Against this evolving evidence base, prospective, single-centre observational studies that carefully 

characterise preoperative vessel metrics, patient comorbidities, operative variables and short-term 

functional outcomes remain valuable. Such data both validate broader findings within specific 

populations and supply the granular detail needed to refine local practice for example, whether 

forearm (radiocephalic) versus upper-arm (brachiocephalic) sites yield differing maturation 

probabilities when controlling for vessel size and comorbidity. Moreover, prospectively collected 

cohorts contribute to pooled analyses and model validation efforts that ultimately aim to replace 

blunt dichotomous criteria with calibrated probability estimates that support shared decision-

making and timely interventions. 

This study therefore investigates predictors of functional maturation of native arteriovenous 

fistulae in a contemporary prospective cohort. The aim is to quantify the relative contributions of 

preoperative vessel characteristics, demographic and comorbidity profiles, and operative variables 

to functional maturation, defined pragmatically by sustained use for hemodialysis. By situating 

our findings within recent advances in ultrasound-based surveillance and predictive modelling, we 

seek to inform practical strategies including selective preoperative Doppler mapping and early 

postoperative assessment that can increase the yield of usable autogenous access and reduce 

reliance on temporary catheters. 

 

Objectives 

The primary objective of this prospective study was to identify the key predictors of functional 

maturation in native arteriovenous fistulae (AVFs) created for haemodialysis. In particular, we 

aimed to evaluate whether preoperative vascular characteristicsspecifically cephalic vein diameter 

and feeding arterial diameterwere associated with successful functional maturation, defined as the 

ability of the fistula to support six consecutive haemodialysis sessions. 

A secondary aim was to examine the influence of patient-related factors and operative variables 

on AVF maturation. These included age, sex, diabetes mellitus, hypertension, ischaemic heart 
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disease, peripheral vascular disease, prior haemodialysis through temporary access, fistula type 

(radiocephalic or brachiocephalic), and anastomotic technique. By assessing these independent 

variables, the study sought to determine which factors reliably predict successful AVF maturation 

and which do not. 

 

METHODOLOGY 

Study Design and Setting 

This investigation was designed as a prospective observational cohort study conducted at a tertiary 

care centre at Institute of Nephrourology Bangalore. The study period extended from December 

2015 to July 2017. All eligible patients referred for native arteriovenous fistula creation were 

evaluated and followed in a uniform clinical pathway. The study adhered to recognised principles 

for observational research, including predefined eligibility criteria, systematic data collection, and 

transparent reporting of outcomes. 

Participant Selection 

Eligibility Criteria 

Patients with chronic kidney disease or end-stage renal disease who were planned for creation of 

a native arteriovenous fistula were assessed for inclusion. Eligibility was determined through 

clinical examination and duplex ultrasound mapping to confirm the suitability of both artery and 

vein. Patients were excluded if major vessel inadequacy, negative Allen’s test, limb deformity, 

severe uremic bleeding tendency, or a requirement for multiple procedures precluded fistula 

formation. All participants provided informed consent prior to enrolment. 

Recruitment Process 

Consecutive patients meeting inclusion criteria were enrolled to minimise selection bias. 

Demographic characteristics, comorbidities and dialysis history were recorded at baseline. The 

final study cohort consisted of 120 participants who underwent AVF creation and completed the 

minimum follow-up duration. 

Preoperative Assessment 

Clinical Evaluation 

Each participant underwent a detailed clinical evaluation that included assessment of dominant 

and nondominant upper limbs, peripheral pulses, prior vascular access use and comorbid illnesses 

relevant to vascular integrity. This assessment guided initial site selection and supported 

identification of factors potentially influencing AVF maturation. 

Ultrasound Mapping 

Preoperative duplex ultrasonography was performed using a high-frequency linear probe. 

Systematic evaluation of the arterial and venous anatomy included measurement of luminal 

diameters, compressibility, depth from skin surface and anatomical variations. The cephalic vein 

and radial or brachial arteries were examined in longitudinal and transverse planes to determine 

suitability for fistula construction. Vessel diameters were recorded with care to ensure 

reproducibility and uniform technique across all patients. 

Surgical Procedures 

Radiocephalic Fistula Creation 

For patients with suitable wrist vessels, a radiocephalic fistula was constructed through a 

standardised operative approach. The radial artery and cephalic vein were exposed through a 
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longitudinal incision at the wrist. After mobilisation and preparation of both vessels, arteriotomy 

and venotomy were fashioned to allow either a side-to-side or end-to-side anastomosis using fine 

non-absorbable monofilament sutures. Flow restoration was confirmed immediately after releasing 

clamps. 

Brachiocephalic Fistula Creation 

When forearm vessels were unsuitable, the brachiocephalic configuration was selected. A 

transverse incision near the antecubital crease allowed exposure of the brachial artery and cephalic 

vein or its communicating branches. The cephalic vein was mobilised adequately to ensure a 

tension-free end-to-side anastomosis. Anatomical characteristics, vessel quality and intraoperative 

challenges were documented. 

Postoperative Evaluation and Follow-up 

Monitoring and Maturation Assessment 

Participants were reviewed periodically for a minimum of three months following surgery. Clinical 

examination assessed palpable thrill, continuous bruit, limb perfusion and early complications such 

as infection or thrombosis. Functional maturation was defined as successful use of the fistula for 

six consecutive haemodialysis sessions, representing a pragmatic and clinically meaningful 

endpoint. 

Outcome Definitions 

Primary AVF failure was defined as inability of the fistula to become usable for dialysis, including 

immediate surgical failure, early thrombosis or failure to achieve functional maturation. Secondary 

variables included demographic predictors, comorbidities, anastomotic technique and vessel 

diameters. 

Data Management and Statistical Analysis 

All clinical and operative data were prospectively entered into a dedicated database. Numerical 

variables such as age and vessel diameters were recorded as continuous measures. Categorical 

variables included fistula type, comorbid conditions and maturation outcomes. Data analysis was 

undertaken using a statistical software package, and comparisons between matured and non-

matured fistulas were performed with appropriate tests for categorical and continuous variables. 

Statistical significance was defined by a two-sided p-value of less than 0.05. The analytical 

approach followed STROBE recommendations by ensuring transparent reporting of statistical 

methods, outcome definitions, handling of subgroups and complete case analysis. 

Ethical Considerations 

The study received approval from the institutional research ethics committee. All participants 

provided informed consent, and confidentiality was maintained throughout data collection and 

analysis. No experimental interventions were undertaken, and all procedures followed standard 

clinical practice. 

 

RESULTS 

1. Patient Demographics and Baseline Characteristics 

Table 1: Demographic Profile and Etiology of ESRD 

Parameter Number (%) Mean Age (years) SD 

Male 78 (65%) 50.91 15.09 

Female 42 (35%) 49.55 14.18 
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Overall 120 50.43 14.73 

 

Etiology of ESRD Number Percentage (%) 

Diabetes nephropathy 46 38.7 

Hypertensive nephropathy 28 23.5 

Chronic glomerulonephritis 13 10.83 

IgA nephropathy 10 8.4 

Chronic interstitial nephritis 8 6.7 

Obstructive nephropathy 5 3.4 

Others 10 8.4 

A total of 120 patients were included, with a predominance of males (65%). The mean age of the 

cohort was 50.43 ± 14.73 years, with no major age distribution differences between sexes. Diabetes 

mellitus constituted the most common etiology of ESRD (38.7%), followed by hypertension 

(23.5%) and chronic glomerulonephritis (10.83%). Less frequent causes included IgA 

nephropathy, obstructive nephropathy and chronic interstitial nephritis. Overall, the demographic 

and etiological profile reflects the contemporary epidemiology of ESRD in South Asia, where 

metabolic and hypertensive disorders contribute substantially to kidney failure requiring vascular 

access creation. 

2. Surgical Characteristics and Fistula Distribution 

Table 2. Surgical Type, Laterality, and Functional Maturation 

Type of AVF Number Percentage (%) 

Radiocephalic AVF 74 61.7 

Brachiocephalic AVF 46 38.3 

Laterality Number Percentage (%) 

Left side 102 85 

Right side 18 15 

Functional Maturation Number Percentage (%) 

Mature 85 70.8 

Immature 35 29.2 

 

Radiocephalic fistulas were the predominant type (61.7%), consistent with standard distal-to-

proximal access planning. Brachiocephalic fistulas accounted for 38.3% of cases. The majority of 

fistulas were created on the left upper limb (85%), reflecting preferred nondominant-arm use for 

HD access. Overall functional maturation was achieved in 70.8% of patients, representing an 

acceptable early maturation success rate. The 29.2% non-maturation rate highlights the persistent 

challenge of early AVF failure, despite structured preoperative mapping and standardised surgical 

technique. These data provide the foundation for evaluating predictive factors influencing 

maturation. 

3. Predictors of Maturation: Demographics and Comorbidities 

Table 3: Relationship Between Age, Gender, Comorbidities and AVF Maturation 
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Variable Mature (%) Immature (%) p-value 

Male 57 (73%) 21 (27%) 0.461 

Female 28 (66.6%) 14 (33.4%) — 

Mean age (years) 50.20 51.00 0.788 

Diabetes 34 (70.8%) 14 (29.1%) 1.000 

Hypertension 63 (71.6%) 25 (28.4%) 0.762 

Ischemic heart disease 36 (65.45%) 19 (34.5%) 0.233 

Peripheral vascular disease 17 (68%) 8 (32%) 0.726 

Prior dialysis catheter 27 (69.2%) 12 (30.7%) 0.872 

 

None of the evaluated demographic or clinical comorbid parameters demonstrated a statistically 

significant association with AVF maturation. Age and gender distributions were similar between 

matured and non-matured groups. Likewise, diabetes, hypertension, IHD, PVD, and prior dialysis 

through temporary catheter did not significantly influence maturation. These findings suggest that 

patient comorbidity alone should not preclude AVF creation if suitable vascular anatomy exists. 

The results further emphasise that vessel quality, rather than systemic disease burden, is a more 

critical determinant of early AVF success in contemporary practice. 

4. Predictors of Maturation: Surgical Type and Anastomotic Technique 

Table 4: AVF Type and Anastomotic Technique vs Maturation 

Variable Mature (%) Immature (%) p-value 

Radiocephalic AVF 45 (60.8%) 29 (39.2%) 0.002 

Brachiocephalic AVF 40 (86.9%) 6 (13.1%) — 

End-to-side anastomosis 71 (72.4%) 27 (27.6%) 0.411 

Side-to-side anastomosis 14 (63.3%) 8 (36.7%) — 

 

Brachiocephalic AVFs exhibited significantly higher functional maturation rates compared with 

radiocephalic AVFs (p = 0.002). This may be attributed to larger venous calibres and more 

favourable flow dynamics in the proximal upper limb. In contrast, the choice of anastomotic 

configuration (end-to-side vs side-to-side) did not significantly influence maturation, indicating 

that vessel characteristics outweigh technical variation when proper anastomotic technique is used. 

These findings support proximal fistula creation when forearm vessels are marginal. 

5. Vascular Parameters: Vein and Artery Diameter as Predictors 

Table 5: Cephalic Vein and Arterial Diameter vs Maturation 

Parameter Mature (mean ± SD) Immature (mean ± SD) p-value 

Cephalic vein diameter (mm) 2.804 ± 0.32 2.31 ± 0.354 0.0001 

Artery diameter (mm) 2.59 ± 0.336 2.53 ± 0.241 0.358 

 

Table 6: Vein Diameter Categories and Functional Maturation 

Vein Diameter Mature (%) Immature (%) Total 

≤ 2.5 mm 29 (61.7%) 18 (38.3%) 47 

2.5–3.0 mm 39 (72.2%) 15 (27.7%) 54 

> 3 mm 15 (78.9%) 4 (21.1%) 19 
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Cephalic vein diameter emerged as the strongest predictor of successful AVF maturation. Matured 

fistulas exhibited significantly larger preoperative vein diameters compared with immature ones 

(p = 0.0001). A clear incremental relationship was observed: maturation increased from 61.7% in 

veins ≤ 2.5 mm to nearly 79% in veins > 3 mm. In contrast, arterial diameter did not significantly 

correlate with maturation (p = 0.358). These results reinforce the primacy of venous calibre as the 

key determinant of early AVF functionality and support routine preoperative vascular mapping. 

6. Postoperative Complications 

Table 7: Complications After AVF Creation 

Complication Number Percentage (%) 

Limb edema 9 7.5 

Thrombosis 8 6.66 

Wound infection 7 5.83 

Aneurysm 5 4.16 

Symptomatic distal ischemia 4 3.33 

AVF rupture 4 3.33 

Total complications 37 30.83 

 

A total of 37 complications were recorded (30.83%). Limb edema and thrombosis constituted the 

most frequent adverse events, while wound infection and aneurysm formation were less common. 

AVF rupture occurred in 3.33% of cases and required immediate ligation. Most complications were 

manageable with standard interventions and did not markedly alter overall maturation trends. 

Although complication rates align with reported literature, the distribution underscores the need 

for vigilant postoperative surveillance during the early maturation window. 

 

DISCUSSION 

This prospective study sought to evaluate predictors of functional maturation in native 

arteriovenous fistulae (AVFs) for hemodialysis, focusing on anatomical, demographic and clinical 

variables. The overall maturation rate of 70.8% in our cohort is comparable to contemporary 

international ranges, reflecting the continued variability in AVF performance across populations 

and dialysis programs. The most compelling finding was that cephalic vein diameter emerged as 

the strongest determinant of functional maturation, significantly outperforming demographic 

characteristics and comorbidity profiles. This reinforces the clinical imperative of preoperative 

vascular mapping and vessel selection, especially in patient groups traditionally considered high-

risk for AVF failure. 

Recent studies increasingly highlight the primacy of venous calibre in determining early AVF 

success. Huang et al. demonstrated that cephalic vein diameter strongly predicts both early and 

late functional usability, with optimal maturation achieved when vein diameter exceeds 2.5–3.0 

mm, a threshold consistent with our observations [11]. A recent investigation in the Journal of 

Vascular Surgery similarly identified venous calibre as the principal driver of outward remodeling, 

surpassing arterial diameter and intraoperative flow characteristics in predictive accuracy [12]. Such 

findings support a mechanistic understanding in which the vein provides the substrate upon which 
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hemodynamic shear stress induces dilation, wall thickening and structural adaptation, ultimately 

determining postoperative usability. 

In contrast, the lack of a significant association between arterial diameter and maturation in our 

cohort aligns with emerging evidence that variations within clinically acceptable ranges may not 

meaningfully influence maturation unless arteries are critically small. Liang et al. showed that 

arterial diameter loses predictive power once diameter thresholds exceed approximately 2 mm [13]. 

Current physiologic studies indicate that arterial wall compositioncalcification, intima-media 

thickness and endothelial reactivitymay be more relevant determinants of remodeling capacity than 

size alone [14]. Thus, the finding that arterial diameter was not a maturation predictor in our cohort 

is consistent with modern vascular biology. 

The significantly higher maturation rate observed in brachiocephalic fistulas compared to 

radiocephalic fistulas parallels trends in large registry datasets and clinical trials. Upper-arm 

fistulas benefit from larger, more compliant veins and greater arterial inflow, enabling more 

reliable remodeling. Data from the European Renal Association confirm superior early maturation 

in brachiocephalic fistulas, even after adjustment for demographic factors [15]. Likewise, a large 

multicenter cohort from the United States found that upper-arm AVFs show higher clinical 

usability and require fewer assisted interventions to achieve maturation [16]. These findings 

reinforce a patient-specific approach to access planning that prioritizes distal sites without 

compromising functional success. 

Interestingly, the current study found no significant influence of age, gender, diabetes mellitus, 

hypertension, ischemic heart disease or peripheral vascular disease on functional maturation. This 

aligns with a 2021 systematic review that concluded comorbidities do not independently predict 

maturation when thorough vascular mapping guides surgical planning [17]. Martins et al. further 

reported that although aging affects vascular elasticity, its impact on AVF outcomes diminishes 

when adequate preoperative vessel calibre is present [18]. These findings collectively suggest that 

patient-level risk factors may be less critical than vascular anatomy itself, provided modern 

preoperative imaging is used to identify optimal sites. 

Although the study was not designed to assess the impact of postoperative surveillance, early 

complications such as thrombosis and limb edema were observed in a considerable proportion of 

patients. Contemporary literature increasingly emphasizes the importance of structured early 

ultrasound surveillance to detect remediable issues. Malhotra et al. reported that duplex 

abnormalities identified within the first six weeks strongly predict subsequent nonmaturation, 

enabling timely endovascular salvage [19]. A landmark randomized trial by Steinke et al. showed 

improved maturation rates following early correction of stenotic lesions in nonmaturing fistulas +. 

As surveillance practices become more standardized, many AVFs currently categorized as 

“failures” may become salvageable through early intervention. 

Advances in computational modeling and machine-learning–based prediction tools provide an 

exciting avenue for improving vascular access planning. Yang et al. recently developed a deep-

learning algorithm capable of predicting AVF maturation from ultrasound waveforms with >90% 

accuracy, significantly outperforming traditional diameter-based criteria [21]. Predictive 

nomograms that incorporate hemodynamic indices, distensibility and patient-specific factors have 

shown strong external validity, providing clinicians with individualized projections of success [22]. 
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These innovations reveal opportunities to refine patient selection and reduce primary failure rates 

through personalized vascular access strategies. 

From a mechanistic standpoint, recent vascular biology research offers insight into why venous 

calibre is so closely linked to maturation. Choi et al. demonstrated that endothelial shear stress 

drives critical molecular pathways governing outward remodeling, smooth muscle cell behavior 

and extracellular matrix reorganization [23]. Larger veins generate a more favorable biomechanical 

environment for these processes, supporting more efficient adaptation. These findings provide 

biological context for our observation that even when patient comorbidities are present, vein 

diameter remains the central determinant of successful maturation. 

Routine preoperative ultrasound mapping remains a cornerstone of best practice, and our findings 

further confirm its indispensable role. Gupta et al. showed that systematic mapping reduces 

primary failure and increases long-term patency, particularly in centers where mapping is not 

universally adopted [24]. Mapping also ensures equitable access creation by preventing unnecessary 

exclusion of patients with comorbid conditions who nonetheless possess suitable vascular 

anatomy. Moreover, detailed assessment of vein depth, wall thickness and compressibility further 

enhances surgical planning beyond simple diameter measurements. 

Contextualizing our findings within broader international trends, it is clear that vascular access 

outcomes reflect an interplay of surgical expertise, patient selection and postoperative 

management. While the local setting may have influenced specific outcomes, the strong predictive 

value of cephalic vein diameter identified here is consistent with global experience. Rivera et al. 

demonstrated that venous adaptability reflects both structural and biomechanical integrity, 

reinforcing the concept that veins above a certain calibre threshold are more capable of undergoing 

the hemodynamic stresses required for maturation [25]. This aligns with the biological consistency 

observed in our dataset. 

Limitations 

This study is not without limitations. It was conducted at a single centre, reducing generalizability 

across diverse healthcare environments and dialysis populations. The sample size, although 

adequate for primary analyses, limited subgroup comparisons for less prevalent risk factors. 

Hemodynamic parameters such as baseline flow volume, resistive index and wall shear stress were 

not included, limiting the mechanistic insights that could be drawn. Postoperative surveillance was 

not standardized, which may have led to underdiagnosis of remediable stenotic lesions. 

Additionally, long-term patency outcomes were not assessed, preventing evaluation of how early 

predictors influence durability over time. 

Future Implementation 

Future research should adopt multicentre designs with larger cohorts to validate predictive models 

and enhance external applicability. Integrating machine-learning algorithms with preoperative and 

early postoperative ultrasound datasets may yield individualized risk scores with clinical utility. 

Standardized early duplex surveillance could significantly improve salvage of nonmaturing 

fistulas. Incorporating advanced imaging techniques assessing endothelial function and vessel 

compliance may also refine preoperative risk stratification. Ultimately, a comprehensive predictive 

framework combining anatomic, physiologic and biologic markers may enable precision vascular 

access planning and reduce reliance on temporary catheter use. 
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CONCLUSION 

This prospective study demonstrates that preoperative cephalic vein diameter is the most 

significant and reliable predictor of functional maturation in native arteriovenous fistulae for 

hemodialysis. Larger venous calibre strongly correlates with successful outward remodeling and 

early usability, whereas arterial diameter, patient demographics and comorbidities exert minimal 

influence when suitable venous anatomy is present. Brachiocephalic fistulas achieved higher 

maturation rates than radiocephalic fistulas, reflecting anatomical and hemodynamic advantages. 

The findings reinforce the indispensable role of routine preoperative Doppler ultrasound in 

optimizing site selection and reducing primary AVF failure. They also highlight that age, diabetes, 

hypertension and cardiovascular disease should not preclude fistula creation when adequate 

vessels exist. Integrating structured postoperative surveillance and emerging predictive 

technologies may further improve maturation outcomes. Together, these results underscore the 

need for anatomy-driven, patient-centred vascular access planning to enhance dialysis readiness 

and reduce catheter dependence. 
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