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Background: Whereas general anaesthesia is commonly used for haemodialysis fistula creation, 

regional or local anaesthesia has been posited to lead to better fistula maturation outcomes. We 

sought to measure the association between anaesthesia type and arteriovenous fistula maturation.

Methods: We performed a secondary analysis of data from the Hemodialysis Fistula Maturation 

study, a multicentre prospective cohort study of advanced chronic kidney disease patients 

who underwent single-stage upper extremity fistula creation between 2010 and 2013. We 

evaluated the relationship between anaesthesia type and unassisted (without maturation-facilitating 

interventions) or overall (unassisted or assisted) fistula maturation using multivariable logistic 

regression.

Results: Among 602 participants, 336 (55.8%) received regional/local anaesthesia and 266 

(44.2%) received general anaesthesia. Unassisted maturation occurred in 164/309 patients (53.1%) 

after regional/local vs 91/226 patients (40.3%) after general anaesthesia (P=0.003). After 

adjustment for patient factors and fistula type, regional/local anaesthesia was associated with 

greater odds of unassisted maturation than general anaesthesia (odds ratio 1.72, 95% confidence 

interval 1.24–2.39; P=0.001). However, after further adjustment for clinical centre fixed effects, 

odds of unassisted maturation did not differ by anaesthesia type (odds ratio 1.03, 95% confidence 

interval 0.78–1.36; P=0.830). Similar findings were observed for overall maturation and composite 

endpoints accounting for potential survivorship bias.

Conclusions: Regional/local anaesthesia was associated with increased odds of fistula 

maturation when adjusting for patient factors and fistula type. However, this association did not 

persist after adjusting for centre fixed effects. Future research is needed to better understand the 

relationship between anaesthesia type and centre factors to optimise outcomes after fistula surgery.
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More than 500 000 people in the USA and nearly 2 400 000 people across 56 countries 

receive maintenance haemodialysis to treat end-stage renal disease (ESRD)1 and thus 

require vascular haemodialysis access. Arteriovenous fistulas are the preferred type of 

vascular access because of reduced risks of infection and thrombosis and lower overall 

costs compared with central venous catheters or synthetic arteriovenous grafts.2 However, 

up to 60% of newly created arteriovenous fistulas fail to mature adequately for use, often 

as a result of insufficient vasodilation and wall remodelling after creation of the artery–

vein anastomosis.3 Failure of fistula maturation necessitates additional procedures to secure 

dialysis access, such as central venous catheter placement, fistula angioplasty, or fistula 

revision surgery, with associated morbidity, mortality, and cost.4,5

The type of anaesthesia used for arteriovenous fistula surgery has been hypothesised to 

influence fistula maturation. Unlike general anaesthesia, which is commonly used for fistula 

creation, regional and local anaesthesia deliver targeted anaesthesia to the operative limb 

(regional) or the operative site (local). Patients undergoing surgery with regional or local 

anaesthesia do not require intubation or mechanical ventilation and may have reduced 

needs for systemic sedative or analgesic medications, potentially decreasing the risk of 
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intraoperative haemodynamic changes and postoperative complications that could affect the 

likelihood of fistula maturation.6-8 Additionally, regional anaesthesia causes a sympathetic 

nerve block that results in enhanced arterial flow and vasodilation starting immediately 

preoperatively until several hours postoperatively.8,9 Despite the theoretical advantages of 

regional and local anaesthesia over general anaesthesia, prior analyses of relationships 

between anaesthesia type and fistula outcomes have generated conflicting results.10-12 To 

this end, we conducted a secondary analysis of a large prospective multicentre observational 

study of patients undergoing arteriovenous fistula creation to measure the association 

between anaesthesia type and fistula maturation.

Methods

The University of Pennsylvania Institutional Review Board deemed this study (protocol 

number 844723) exempt from review and waived the requirement for participant informed 

consent. Hemodialysis Fistula Maturation (HFM) study data were used in compliance 

with an existing Data Use Agreement between the Cleveland Clinic Foundation and 

the University of Pennsylvania. Our study adhered to the Strengthening the Reporting 

of Observational Studies in Epidemiology (STROBE) guidelines13 (see Supplementary 

material: STROBE Statement) and was conducted in accordance with the Declaration of 

Helsinki.

Data source

The National Institute of Diabetes and Digestive and Kidney Diseases HFM study was 

a multicentre prospective cohort study of 602 patients who underwent single-stage upper 

extremity arteriovenous fistula creation at seven clinical centres in the USA between 

March 2010 and August 2013.4,14,15 The seven centres were all academic vascular access 

referral institutions representing multiple geographic regions and diverse patient populations 

within the USA. Clinical decisions, such as fistula type and location, anaesthesia type, 

timing of and approach to cannulation, and fistula interventions, were made by the 

treating clinicians.16 The surgical procedures were performed by vascular surgeons.16 Data 

collection was performed monthly throughout the duration of follow-up, with more frequent 

data collection from initial cannulation of the fistula until the maturation outcome was 

ascertained.16 Patients were followed until 3 months after fistula abandonment or the end of 

the study.16

Inclusion criteria

We studied all patients included in the HFM study. Eligibility criteria for the HFM study 

included: adults <80 yr old; life expectancy >9 months; chronic kidney disease or ESRD 

with preexisting or anticipated initiation of haemodialysis within 3 months of fistula surgery; 

and single-stage upper extremity fistula surgery.16 Single-stage fistula surgeries included in 

the HFM study were radiocephalic, brachiocephalic, and one-stage brachiobasilic fistulas 

with simultaneous transposition of the basilic vein; two-stage procedures, such as two-stage 

basilic vein transpositions, were excluded.
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Outcomes

Our primary outcome was unassisted fistula maturation, which was also the primary 

outcome for the HFM study.16 In the HFM study, fistula maturation was defined using 

rigorous, standardised, and clinically meaningful criteria developed by a multidisciplinary 

team of surgeons and nephrologists, which required that patients have their fistula accessed 

with two needles for ≥75% of dialysis sessions during a 4-week period with evidence 

of adequate dialysis.16 Patients had to satisfy these criteria either within 9 months of 

fistula creation or within 8 weeks of initial cannulation for dialysis if this occurred 

>9 months after surgery. If maturation criteria were met without maturation-facilitating 

endovascular or surgical procedures, this was defined as unassisted fistula maturation. We 

defined overall fistula maturation, a secondary outcome, as maturation that was either 

unassisted or occurred after a maturation-facilitating intervention. To account for potential 

survivorship bias, we assessed the following additional exploratory outcomes: (1) death 

before maturation; (2) a composite of death before maturation or failure to attain unassisted 

maturation by the end of follow-up; and (3) a composite of death before maturation or 

failure to attain overall maturation by the end of follow-up. We also compared intraoperative 

factors by anaesthesia type, including intraoperative medications administered (heparin, 

protamine, topical vasodilators, topical thrombin); surgery duration in minutes; presence 

of a palpable thrill at the completion of surgery as determined by the surgeon; and the 

surgeon’s prediction of successful maturation at the completion of surgery (ascertained by 

the surgeon’s response at the end of the procedure to the prompt, ‘Surgeon’s predictor of 

success,’ with one of the following answers: ‘unlikely,’ ‘marginal,’ or ‘likely’).

Independent variables

Our adjusted analyses incorporated the following patient factors, measured preoperatively, 

that have previously been shown to be associated with fistula maturation outcomes or that 

differed by anaesthesia type: sex, age (as a linear term), race (Black or non-Black), ethnicity 

(Hispanic or non-Hispanic), insurance status (uninsured or insured), ESRD aetiology, 

diabetes, heart disease (including congestive heart failure, myocardial infarction, angina, 

cardiac arrhythmias, coronary artery bypass graft surgery, and percutaneous coronary 

intervention), body mass index (as a linear term), current smoking status, current dialysis 

use, antiplatelet or anticoagulant use, albumin (as a linear term), and haemoglobin (as a 

linear term). As previous studies have suggested that maturation rates vary by fistula type–

highest for brachiobasilic fistulas and lowest for radiocephalic fistulas15,17,18–we controlled 

for type of fistula created (radiocephalic, brachiocephalic, or brachiobasilic). We conducted 

an exploratory analysis that also controlled for history of prior arteriovenous fistula or graft 

surgery among patients for whom this information was available (approximately two-thirds 

of the study sample).

Statistical analyses

The study outcomes and overall analytic approach were defined in a pre-specified statistical 

analysis plan that was finalised before beginning our analyses (see Supplementary material: 

Pre-specified Statistical Analysis Plan). For our primary analyses, we followed past 

observational studies in this area11,12,19 by combining patients who received regional or 
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local anaesthesia into a single group. Additionally, since recent prospective literature10 has 

suggested potential differences in outcomes between patients receiving local vs regional 

anaesthesia, a secondary analysis compared regional and local anaesthesia individually with 

general anaesthesia. Our main analyses included only participants for whom the outcome of 

fistula maturation was ascertained (i.e. complete case analysis). We compared baseline and 

intraoperative characteristics using Pearson’s χ2 tests and t-tests. We tested the association 

between anaesthesia type and fistula maturation outcomes using multivariable logistic 

regression adjusted for (1) patient factors only and (2) patient factors plus clinical centre 

fixed effects. We added the fixed effects adjustment to assess whether centre-level factors 

were contributing to the association between anaesthesia type and fistula maturation.20 To 

do this, we included a categorical variable in the regression identifying the clinical centre 

at which the fistula surgery occurred. In an additional exploratory analysis, we instead 

adjusted for clinical centre using a three-level categorical variable that categorised centres 

by their proportion of fistula surgeries performed under regional or local anaesthesia relative 

to general anaesthesia: low (<33.3% regional/local anaesthesia), medium (33.3–66.6%), or 

high (>66.6%) (Supplementary Table S1). We also calculated variance inflation factors for 

all models to rule out multicollinearity. All models used heteroscedasticity-robust standard 

errors that accounted for clustering by clinical centre. A two-sided P-value <0.05 was 

defined as statistically significant. All statistical analyses were performed using Stata 16.1 

software (StataCorp LLC, College Station, TX, USA).

Results

Of the 602 patients in the HFM study, 336 (55.8%) underwent either regional or local 

anaesthesia–including 133 (22.1%) regional and 203 (33.7%) local–and 266 (44.2%) 

underwent general anaesthesia (Table 1). The groups were similar with respect to age 

and race. Regional or local anaesthesia patients were more likely to be male, Hispanic, 

uninsured, and diabetic. Other comorbidities, current smoking status, and antiplatelet 

or anticoagulant use were similar between the groups. Regional or local anaesthesia 

patients also had lower preoperative albumin and haemoglobin concentrations than general 

anaesthesia patients. Nearly two-thirds of patients in both groups had maintenance dialysis 

initiated before surgery. General anaesthesia patients were more likely than regional or 

local anaesthesia patients to have had a prior arteriovenous fistula or graft surgery. The 

majority of regional or local anaesthesia patients had either radiocephalic (n=124, 36.9%) or 

brachiocephalic (n=164, 48.8%) fistulas, compared with 48 (14.3%) who had brachiobasilic 

fistulas. In contrast, general anaesthesia patients had brachiocephalic (n=111, 41.7%) or 

brachiobasilic (n=107, 40.2%) fistulas more frequently than radiocephalic (n=48, 18.0%) 

fistulas. Of the seven clinical centres, two performed <33.3% of their fistula surgeries 

under regional or local anaesthesia, three performed between 33.3% and 66.6% under 

regional or local anaesthesia, and two performed >66.6% under regional or local anaesthesia 

(Supplementary Table S1). Similar patterns were observed in the baseline characteristics of 

the analytic (535 patients) and excluded (67 patients) cohorts (Supplementary Table S2).

Use of intraoperative intravenous heparin (not including heparinised saline) and protamine 

was more common in general anaesthesia cases (Table 2). Surgery duration–from incision 

to dressing application–was shorter in regional or local anaesthesia cases than general 
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anaesthesia cases (regional or local anaesthesia 88.0 min, standard deviation [SD] 48.2 

minutes vs general anaesthesia 104.2 min, SD 34.0 min; P<0.001). Finally, surgeons more 

often predicted ‘likely’ success in regional or local anaesthesia cases (regional or local 

anaesthesia 82.0% vs general anaesthesia 73.6%; P=0.013).

Unassisted and overall fistula maturation were both more frequent among patients who 

had received regional or local anaesthesia vs general anaesthesia on unadjusted analysis 

(unassisted: regional or local 53.1%, 95% confidence interval [CI] 47.5–58.6% vs general 

anaesthesia 40.3%, 95% CI 34.1–46.8; P=0.003; overall: regional or local 78.6%, 95% CI 

73.7–82.9% vs general anaesthesia 67.7%, 95% CI 61.3–73.5%; P=0.004) (Table 3). After 

adjusting for patient characteristics and fistula type, the odds of both unassisted and overall 

maturation were higher for patients who received regional or local anaesthesia compared 

with general anaesthesia (unassisted maturation: odds ratio [OR] 1.72, 95% CI 1.24–2.39; 

P=0.001; overall maturation: OR 1.55, 95% CI 1.03–2.33; P=0.038). These results were 

similar when history of previous arteriovenous fistula or graft surgery was incorporated 

into the models, although only 338/535 (63.2%) patients were included in this exploratory 

analysis as a result of missing information.

In models that controlled for patient factors and clinical centre fixed effects, anaesthesia 

type was no longer associated with either unassisted or overall maturation (unassisted 

maturation, regional or local vs general anaesthesia: OR 1.03, 95% CI 0.78–1.36; P=0.830; 

overall maturation, regional or local vs general anaesthesia: OR 1.01, 95% CI 0.57–1.80; 

P=0.968) (Table 3). Results were similar when an alternate variable for centre was 

used that categorised centres by their relative volume of regional or local anaesthesia to 

general anaesthesia (Supplementary Table S3). Findings were also qualitatively similar for 

composite outcomes that accounted for death (Supplementary Table S4).

In exploratory analyses that compared regional and local anaesthesia separately with general 

anaesthesia, the odds of unassisted and overall maturation were greater for local than 

for general anaesthesia after adjustment for patient factors and fistula type (unassisted 

maturation: OR 2.10, 95% CI 1.39–3.19; P<0.001; overall maturation: OR 2.04, 95% 

CI 1.34–3.09; P=0.001), but did not differ for patients receiving regional relative to 

general anaesthesia (unassisted maturation: OR 1.29, 95% CI 0.73–2.28; P=0.374; overall 

maturation: OR 1.11, 95% CI 0.58–2.10; P=0.756) (Supplementary Table S5). Because of 

sample size limitations within certain centres, we did not adjust for clinical centre when 

evaluating regional and local anaesthesia separately. The full models and their coefficients 

are reported in Supplementary Table S6a-p.

Discussion

Failure of fistula maturation occurs frequently and necessitates multiple invasive procedures 

and prolonged use of central venous catheters with associated morbidity and mortality.4 

Hence, interventions that improve maturation rates may also offer patient-centred benefits. 

In our secondary analysis of the multicentre prospective HFM study, we found that 

regional or local anaesthesia for single-stage arteriovenous fistula surgery was associated 

with significantly increased odds of fistula maturation relative to general anaesthesia after 

Ramadan et al. Page 6

BJA Open. Author manuscript; available in PMC 2022 October 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



controlling for patient factors and fistula type. However, in models that also incorporated 

a within-centre comparison to account for potential confounding because of centre 

characteristics, we no longer found an association between anaesthesia type and fistula 

maturation outcomes. Our findings suggest that such centre factors–such as variations in 

surgeon, anaesthesiologist, or centre-level expertise in regional or local anaesthesia, clinical 

practice patterns, or dialysis unit practices–may contribute to differences in outcomes 

between regional or local anaesthesia and general anaesthesia observed in prior retrospective 

studies.11,21

Our results contained several other interesting findings. When we compared all three 

anaesthesia types, separating regional and local anaesthesia, we found that local anaesthesia 

was associated with improved outcomes relative to general anaesthesia when adjusting 

for patient factors while regional anaesthesia was not significantly different from general 

anaesthesia, perhaps because of sample size limitations. We also observed that both regional 

or local and general anaesthesia were commonly used for brachiocephalic fistula creation. 

However, regional or local anaesthesia was rarely used for brachiobasilic fistulas whereas 

general anaesthesia was seldom used for radiocephalic fistulas. These practice patterns 

may reflect differences in anaesthesia requirements based on the size and location of 

the surgical incisions. Additionally, surgeons predicted ‘likely’ fistula maturation success 

more frequently after procedures performed under regional or local compared with general 

anaesthesia. This qualitative assessment may suggest that the regional or local anaesthesia 

procedures were on average less complex than general anaesthesia ones, for example 

because of fistula type or anatomic factors such as vein or artery size.

Prior literature, derived largely from retrospective or singlecentre data, has been mixed 

regarding the effect of regional or local anaesthesia relative to general anaesthesia on 

fistula outcomes. For instance, one retrospective analysis of a national surgical database 

found no meaningful outcome differences between regional or local anaesthesia and 

general anaesthesia,12 whereas two others suggested superior outcomes for regional or local 

anaesthesia.11,21 Similarly, an 84-patient single-centre prospective cohort study found no 

differences in outcomes19 whereas a 123-patient single-centre retrospective cohort study 

instead reported improved maturation outcomes after regional anaesthesia.22 However, all of 

the aforementioned studies adjusted for patient factors only.11,12,19,21,22

Our analysis of the association between anaesthesia type and fistula maturation builds 

on and extends prior work in two important ways. First, we harnessed a highly granular 

dataset derived from a large multicentre prospective cohort study to address this question. 

The HFM study sample was geographically and demographically diverse, and detailed 

information was recorded about patient characteristics and perioperative courses, allowing 

us to create rigorous multivariable regression models. Patients were followed closely 

postoperatively, and the HFM study used meticulous, standardised protocols for ascertaining 

outcomes–particularly fistula maturation outcomes–in a clinically relevant manner. Second, 

in addition to the standard patient factors and fistula type adjustments, we also adjusted 

for clinical centre fixed effects, allowing for a within-centre comparison. Importantly, 

while we found an association between anaesthesia type and fistula maturation outcomes 

with adjustment for patient factors and fistula type, these associations were not robust 
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to further adjustment for clinical centre. This suggests that centre factors may play a 

consequential role in contributing to associations between anaesthesia type and fistula 

maturation outcomes. Experience is necessary to perform regional anaesthesia well23; 

thus, one possible explanation is heterogenous centre-level expertise in regional or local 

anaesthesia, wherein centres (and their surgeons and anaesthesiologists) that routinely use 

regional or local anaesthesia may be more likely to realise its potential benefits for fistula 

maturation. As a result of the relatively small number of centres included in the HFM study, 

we were not able to fully examine this in the present work.

Our findings should be interpreted in the context of limitations. Although we controlled 

for an array of patient factors, fistula type, and centre fixed effects, we cannot rule out 

confounding as a result of other characteristics (e.g. severity of comorbidities or size of 

the vessels used for fistula creation) or confounding by indication. Further, sample size 

considerations precluded us from adjusting for centre fixed effects when comparing regional 

anaesthesia and local anaesthesia separately with general anaesthesia. We also observed 

several differences in intraoperative factors between anaesthesia groups. Whereas these were 

not adjusted for in our analysis as they occurred after exposure to anaesthesia, future studies 

may consider their potential role in influencing fistula surgery outcomes with differing types 

of anaesthesia. In addition, the HFM study was conducted between 2010 and 2013, and 

practice patterns or surgeon or anaesthesiologist expertise may have changed since then; 

however, we assess any such changes to be marginal and outweighed by the high-quality 

nature of the HFM data. Finally, the HFM study only included single-stage fistula surgeries, 

and as such our findings may not apply to two-stage procedures.

In conclusion, we found that regional or local anaesthesia was associated with improved 

odds of arteriovenous fistula maturation after adjusting for patient factors and fistula 

type. However, we did not observe an association between anaesthesia type and fistula 

maturation after also adjusting for clinical centre fixed effects. In this context, our analyses 

highlight the importance of considering centre factors when exploring the association 

between anaesthesia type and fistula maturation. Future research may consider whether 

and how fistula maturation outcomes with regional or local anaesthesia – relative to general 

anaesthesia – vary across surgeons or anaesthesiologists, who may have different levels of 

expertise, or institutions, which may range in their availability of standardised regional or 

local anaesthesia protocols and procedures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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