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Abstract

Introduction: Multiple factors and comorbidities have been implicated in the ability of 

arteriovenous fistulas (AVF) to mature, including vessel anatomy, advanced age, and the presence 

of coronary artery disease or peripheral vascular disease. However, little is known about the role of 

uremia on AVF primary failure. In this study, we attempt to evaluate the effect of uremia on AVF 

maturation by comparing AVF outcomes between pre-dialysis chronic kidney disease (CKD) stage 

five patients and those who had their AVF created after hemodialysis (HD) initiation.

Methods: We included 612 patients who underwent AVF creation between 2003 and 2015 at 

the University of Miami Hospital and Jackson Memorial Hospital. Effects of uremia on primary 

failure were evaluated using univariate statistical comparisons and multivariate logistic regression 

analyses.

Results: Primary failure occurred in 28.1% and 26.3% of patients with an AVF created prior to 

or after HD initiation, respectively (p = 0.73). The time of HD initiation was not associated with 

AVF maturation in multivariate logistic regression analysis (p = 0.57). In addition, pre-operative 

blood urea nitrogen (p = 0.78), estimated glomerular filtration rate (p = 0.66), and serum creatinine 

levels (p = 0.14) were not associated with AVF primary failure in pre-dialysis patients.

Conclusions: Our results show that clearance of uremia with regular HD treatments prior to 

AVF creation does not improve the frequency of vascular access maturation.
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Introduction

Hemodialysis (HD) initiation with a tunneled central venous catheter is still a common 

occurrence in chronic kidney disease (CKD) patients with planned arteriovenous fistula 

(AVF) creation surgeries or during the time of AVF maturation. Tunneled catheters (TC) are 

associated with increased morbidity and mortality due to the high frequency of dysfunction 

and infections (1). The CHOICE study reported a 50% higher mortality rate in patients who 

initiate HD with a TC compared to an AVF (2). Based on these recognized complications, 

since 2006 the National Kidney Foundation Kidney Disease Outcome Quality Initiative 

(NKF KDOQI) recommends that at least 50% of patients have a functional AVF at HD 

initiation (3). In addition, since 2013 the Centers for Medicare and Medicaid Services 

(CMS) advocate a 68% of prevalent AVF use in HD patients (4).

After the implementation of the Fistula First Initiative (FFI) in 2003, AVF use in the USA 

has increased significantly from 32.2% in 2003 to 62.2% in 2013 (5–7). However, compared 

to other developed countries, the USA continues to have a lower incidence of AVF maturity 

prior to HD initiation (8). An estimated 71% of patients initiate HD sub-optimally using a 

temporary TC or arteriovenous graft (AVG), even with early nephrology referral of longer 

than 12 months (6). In addition, more than 80% of patients do not have a mature AVF 

at the start of HD, requiring placement of a TC, thus increasing morbidity, mortality and 

health-care costs in this population (9).

There is reason to believe that inflammation is one of the factors that can negatively 

affect the AVF maturation process (10–12). Both the underlying uremic milieu in CKD 

and the initiation of HD sessions have been suggested as potential sources of systemic 

inflammation (13–15). Uremia has been associated with endothelial dysfunction as a result 

of reduced vascular bioavailability of nitric oxide (NO) (16–18). In addition, uremia induces 

vasoconstriction to a greater extent than hypertension by increasing the intima-media 

thickness and reducing luminal diameter (19). A seminal study indicated that the duration of 

uremia correlates with the severity of intimal thickness and calcification in patients’ arteries 

(20). On the other hand, despite the ability of HD sessions to efficiently clear the circulating 

uremic milieu, HD treatments are also thought to accelerate vascular calcification, even in 

the pediatric CKD population (21). Therefore, whether early initiation of HD improves the 

survival or clinical outcomes of CKD patients is still debatable (22, 23). As these studies 

illustrate, there is no clear information on when is the appropriate time for AVF creation and 

HD initiation to improve both vascular access and overall clinical outcomes (24). However, 

the NKF KDOQI guidelines recommend having a fistula created at least 6 months before the 

expected start of HD in order to allow sufficient time for access maturation and revision (if 

needed), and prevent possible complications (3).

In this study, we aim to evaluate the effect of uremia and uremia markers on AVF maturation 

outcomes.
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Materials and methods

Study participants

This retrospective study includes 612 patients over 17 years of age who underwent either 

one-stage or two-stage AVF creation at Jackson Memorial Hospital or at the University of 

Miami hospital from May 2003 to August 2015. Patients’ medical records were reviewed 

to collect information on demographics, comorbidities, drug treatment at the time of AVF 

creation, prior vascular access history, and AVF characteristics such as type of anastomosis, 

location and outcomes. Glomerular filtration rate (eGFR), blood urea nitrogen (BUN), serum 

creatinine (SCr) levels were collected for pre-dialysis patients. Patients were excluded from 

the study if they were lost to follow-up or if the patient underwent a mid-arm fistula 

(brachial-brachial) because of the necessity of a graft extension. A single vascular surgeon 

(M.T.) performed all surgical procedures in 591 of the 612 patients (97%) included in the 

study. Patients on HD treatment prior to AVF creation were receiving three regular sessions 

per week using various vascular accesses. In addition, in order to discern the effect of 

HD initiation time (prior to or after AVF creation) on AVF maturation, patients who first 

started HD treatments with a TC during the AVF maturation period were excluded from 

the study. All sections of the study were performed according to the ethical principles of 

the Declaration of Helsinki and regulatory requirements at both institutions. The ethics 

committee and Institutional Review Board at the University of Miami approved the study.

Definitions

Anatomic maturation failure was defined as an AVF that was created but never reached 

a diameter greater than 6 mm, length greater than 6 cm (evaluated during post-operative 

follow-up using vascular ultrasound and physical exam), or that required an intervention 

(intravascular or surgical) within the first three months of AVF cannulation. One-stage AVF 

accounts for radio-cephalic and brachio-cephalic anastomoses, while two-stage AVF refers 

to brachio-basilic anastomoses with lateral superficialization surgeries.

Statistical analyses

Statistical analyses were performed using XLSTAT (New York, NY) and GraphPad Prism 

(La Jolla, CA). Results were considered significant when p<0.05. Patients were divided 

into those in whom an AVF was created prior to HD initiation and those who were 

already receiving HD treatments using a TC. Normally distributed data were compared 

using the Student’s t-test and expressed as mean ± standard deviation. Comparisons 

between group frequencies were performed using Fisher’s exact test or Chi-square tests. 

Statistical associations between baseline covariates and primary failure were assessed 

using multivariate logistic regressions (Logit algorithm) adjusted for age, sex, ethnicity, 

comorbidities, medications, AVF type, and time of HD initiation. Logistic regressions of 

primary failure in smaller patient subsets were minimally adjusted for baseline covariates as 

indicated in the respective analyses.

Duque et al. Page 3

J Vasc Access. Author manuscript; available in PMC 2024 March 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results

Demographics, clinical and AVF characteristics of the study population

A total of 612 patients were included in the study, 18.6% with advanced CKD but not 

yet receiving HD sessions and 81.4% who had already initiated HD. The average age 

in both groups is 54.4 and 51.1 years, respectively (p = 0.026). The study population is 

formed by 46.5% and 39.2% females in the HD-naïve and -experienced groups, respectively, 

with 35%–44% Hispanics, 54%–61% non-Hispanic blacks and 3%–4% Caucasians (Tab. I). 

Over 95% of patients have hypertension in both subgroups, while approximately 50% have 

diagnosis of diabetes, 15% of CAD, and 6%–8% of congestive heart failure (CHF). Almost 

one-fifth of the population was on anti-platelet therapy (aspirin and/or clopidogrel) in both 

the HD-naïve and -experienced groups; 51.8% and 41.0% were statin users, respectively (p 

= 0.046), and 43%–46% were on either an angiotensin-converting enzyme inhibitor (ACE-I) 

or angiotensin II receptor blocker (ARB). The frequency of one-stage versus two-stage 

AVF was approximately the same (~50%) in both patient cohorts. Primary failure occurred 

in 28.1% and 26.3% of patients with an AVF created prior to or after HD initiation, 

respectively (p = 0.73; Tab. I).

Pre-operative BUN, eGFR and SCr were obtained from 86 patients in the pre-dialysis 

subset. Demographics, comorbidities, concurrent medications, and AVF characteristics were 

equivalent in this subgroup as in the original group of 114 patients. The frequency of 

primary failure was 29.1%. BUN ranged from 24–120 mg/dL (average 66.5 ± 21.6 mg/dL), 

eGFR from 4–30 mL/min/1.73 m2 (10.6 ± 4.6 mL/min/1.73 m2), and SCr from 2–18 mg/dL 

(6.1 ± 2.7 mg/dL).

Associations between baseline covariates and primary failure

Table II shows the demographics, clinical factors and AVF characteristics of patients with 

primary failure or successful maturation in both the HD-naïve and -experienced cohorts. 

There are no statistical differences across any of above baseline characteristics between 

failed and mature AVF, with the exception of demographics for patients already receiving 

HD sessions. In this latter group, a lower percentage of Hispanics (26.0% vs. 37.9%) 

and higher proportion of non-Hispanic blacks (69.5% vs. 58.6%) had primary failure 

compared to successful maturation, while the proportion of Caucasians for both outcomes 

was approximately the same (4.6% vs. 3.5%; p = 0.048 for the comparison of the three 

ethnic groups; Tab. II).

The logistic regression analysis for the overall patient population demonstrates that primary 

failure is positively associated with female sex (odds ratio [OR] 1.46, p = 0.049) and non-

Hispanic black ethnicity (OR 1.61, p = 0.021), while negatively associated with statin use 

(OR 0.59, p = 0.013) (Tab. III). Further analyses of the HD-naïve and -experienced patient 

subsets indicate that none of the above factors predict non-maturation in patients with AVF 

placement prior to HD initiation, but do affect outcomes in patients already receiving HD. 

In this latter group, the non-Hispanic black demographics are associated with primary failure 

(OR 1.68, p = 0.025), while statin treatment improves maturation outcomes (OR 0.60, p = 

0.023) (Tab. III).
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In the group of pre-dialysis patients, there was no statistically significant association 

between BUN, eGFR or SCr and AVF primary failure (Fig. 1). There was a trend for 

increased frequency of non-maturation with higher SCr values, but the analysis did not reach 

statistical significance (p = 0.14).

Discussion

The notion that there is an ideal time frame for AVF creation and HD initiation in 

advanced CKD patients, and that this may influence vascular access outcomes, remains 

a topic of heated debate. Uremic toxins are known to increase oxidative stress, endothelial 

dysfunction, intima-media thickness and calcification in the vasculature (15–20). However, 

it is not clear whether the potential benefits of uremia clearance with regular HD sessions to 

the vasculature offset the risks of infection and central venous stenosis associated with TC 

use. In this study, we demonstrate that patients with sustained uremia and those receiving 

regular HD prior to AVF creation have the same rate of AVF maturation. In addition, we 

reveal that pre-operative BUN, eGFR or SCr levels are not associated with primary failure of 

AVF created prior to HD initiation.

Current guidelines recommend that an AVF be created at least 6 months before the 

anticipated start of HD to allow sufficient time for its maturation (3). This is considered 

to be the best strategy to prevent medical complications related to TC and AVG use, and to 

decrease health-care costs in this patient population (25). Despite the rate of AVF creation 

in the USA nearly doubling from 32.2% in 2003 to 62.2% in 2013 (7), a large proportion 

of the advanced CKD population still initiates HD sub-optimally, either with a temporary 

TC or AVG (6). The main reasons for a sub-optimal start have been acute-on-CKD (31.3%) 

and patient-related delays (31.3%), followed by surgical delays (16.4%) and late decision 

making by nephrology (8.6%) (26).

Despite the deleterious effects of uremia to the vasculature, our results suggest that 

removing uremia with a TC solely with the purpose of improving AVF outcomes is not 

clinically justified. In our cohort, the time of HD initiation did not affect the frequency of 

primary failure. One explanation is that uremia does not impede proper AVF remodeling. 

Alternatively, we speculate that the damage done by uremic toxins to the vasculature is 

permanent, and cannot be reversed by regular HD sessions prior to AVF creation. Another 

factor to take into consideration is that the chronic inflammation associated with HD 

treatments (14–27) may offset the benefits of removing uremic toxins from the circulatory 

system. Several factors inherent to the HD technique are thought to initiate or promote 

inflammatory responses in the body. These include the retention or no elimination of 

pro-inflammatory molecules normally eliminated by the kidneys, exacerbation of oxidative 

stress, and stimulation of immune cells and activation of complement by dialysis membranes 

and pyrogenic substances (27). Of note, we show that statin therapy is associated with 

a lower risk of AVF primary failure in patients receiving HD treatments, but not in the 

HD-naïve cohort, possibly as a result of a heightened inflammatory state in the former. The 

potential benefit of statins in AVF maturation contradicts a previous retrospective study by 

Pisoni et al (28), but is supported by a recent publication by our group that suggests that not 

all statins are equally efficacious at reducing primary failure (29).
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Our results are in agreement with a recent study of 569 patients, which reported that 

pre-dialysis patients and those receiving HD treatments had the same frequency of early 

AVF failure (30). In addition, the authors showed no association between eGFR and 

AVF outcomes, but did find a statistically significant relationship between serum urea and 

primary failure. In contrast with our cohort, the patient population in the above study was 

mostly of Caucasian origin, the average serum urea level was half the one in our patient 

cohort, and no brachio-basilic AVFs were included. Interestingly, among patients already 

on HD, Aitken et al (30) demonstrated that those who dialyzed on the day prior to AVF 

creation had an almost two-times higher frequency of failure than patients who dialyzed 

on the same day of surgery. Further investigations are needed to elucidate whether this 

improvement is due to the removal of one-day worth accumulation of uremic toxins or 

because the inflammatory responses triggered by the HD treatment had peaked in patients 

who had dialyzed the day prior to surgery.

The limitations of this study include the lack of vessel histology information, the smaller 

number of pre-dialysis patients compared to the HD-experienced cohort, and the possibility 

that additional clinical differences between both groups and not assessed in the present study 

play a major role in AVF maturation outcomes.

Conclusion

Despite the above limitations, our results indicate that timing of AVF creation (before or 

after HD initiation) is not statistically associated with vascular access outcomes. Our results 

also show that statins improve AVF maturation outcomes among patients already on HD. 

This important finding needs to be confirmed in a randomized control trial. If such a benefit 

is confirmed, it may lead to the reduction of morbidity, mortality, and HD access-related 

costs in ESRD patients.
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Fig. 1. 
Logistic regression of primary failure as determined by pre-operative blood urea nitrogen 

(BUN); (A), estimated glomerular filtration rate (eGFR); (B) and serum creatinine (SCr); 

(C) in arteriovenous fistulas created prior to hemodialysis initiation. All analyses were 

adjusted for sex. The male and female curves in 1C are superimposed.
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