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Resumo 
 
Introdução: 
 
A disfunção do acesso vascular, devido especialmente a estenose venosa, representa uma das 
causas mais frequentes de morbilidade em doentes sob hemodiálise. A angioplastia transluminal 
pecutânea (PTA) é atualmente o gold standard para tratamento de fístulas estenosadas, com taxas 
de patência de 26-62% um ano pós-intervenção. Esta revisão sistemática e meta-análise têm por 
objetivo determinar a eficácia do uso de balões eluidores de fármaco (DEB) no tratamento de 
estenoses em fistulas arteriovenosas para hemodiálise, bem como a sua segurança, 
comparativamente à PTA. 
 
Métodos: 
 
Foi realizada uma pesquisa da literatura através das bases de dados bibliográficas PubMed® e 
Scopus® a todos os estudos randomizados (RCTs) e estudos coorte que comparam o uso de 
angioplastia com DEB e PTA no tratamento de estenoses em fistulas ou próteses arteriovenosas 
para hemodiálise. A pesquisa incluiu artigos publicados entre janeiro de 2012 e dezembro de 2023. 
O risco de viés nos RCTs foi avaliado segundo a ferramenta de avaliação de risco de viés da 
organização Cochrane® (RoB 2.0), e a qualidade dos estudos coorte foi determinada pela escala 
Newcastle-Ottawa. O risco relativo de perda de patência primária na lesão alvo e de perda de 
patência primária do circuito foi estimado agregando a hazard ratio dos RCTs e estudos coorte 
separadamente. A segurança do tratamento foi avaliada através da razão dos riscos de mortalidade 
por todas as causas aos 12 e 24 meses, entre grupos de intervenção.  
 
Resultados: 
 
Dezoito estudos, incluindo um total de 1894 doentes, cumpriram os critérios de elegibilidade, 
sendo 14 RCTs e 4 estudos coorte. A angioplastia com DEB demonstrou uma maior eficácia na 
manutenção da patência da lesão alvo, quando comparado com a PTA, tanto entre os RCTs como 
entre os estudos coorte (HR 0.76, 95% CI 0.60-0.98, I2 = 69%, e HR 0.55, 95% CI 0.38-0.82, I2 = 0%, 
respetivamente). As análises de subgrupos não identificaram qualquer correlação deste resultado 
com o tipo de acesso usado, a presença de estenoses primárias ou restenoses, a idade do acesso 
vascular, o uso de pré-dilatação, ou dose de paclitaxel usada.  
 
Do mesmo modo, a análise de 9 RCTs demonstrou um menor risco de perda de patência do circuito 
de hemodiálise em doentes tratados com DEB, em comparação com PTA (HR 0.85, 95% CI 0.77-
0.94, I2 = 49%).  
 
A mortalidade por todas as causas foi analisada em 16 estudos aos 12 meses (RCTs: RR 0.99, 95% 
CI 0.69-1.44, I2 = 0%; Estudos coorte: RR 0.99, 95% CI 0.18-5.53, I2 = 0%) e 5 estudos aos 24 meses 
(RCTs: RR 1.20, 95% CI 0.86-1.67, I2 = 0%; Estudos coorte: RR 1.67, 95% CI 0.42-6.56, I2 = 0%). Não 
foram encontradas diferenças significativas entre os grupos submetidos a tratamento com DEB ou 
PTA.  
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Conclusão: 
 
Esta análise demonstra a superioridade no uso de DEB quando comparados com PTA, para o 
tratamento de estenoses de fistulas arteriovenosas para hemodiálise, sem diferença na taxa de 
mortalidade.  
 
Palavras-chave: Angioplastia transluminal percutânea; Balão eluidor de fármaco; Hemodiálise; 
Fistula arteriovenosa; Estenose; 
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Abstract 
 
Introduction: 
 
Vascular access dysfunction, especially due to venous stenosis, represents one of the most 
prominent causes of morbidity in patients undergoing hemodialysis. Percutaneous transluminal 
angioplasty (PTA) is the gold standard treatment for stenotic fistulas, with patency rates of 26-62% 
1-year after PTA. This systematic review and meta-analysis aims to determine the efficacy of drug-
eluting balloons (DEB) for the treatment of hemodialysis arteriovenous fistula stenosis, as well as 
its safety, when compared to PTA.  
 
Methods: 
 
An electronic literature search was conducted using the PubMed® and Scopus® databases for all 
randomized controlled trials (RCTs) and cohort studies comparing the use of DEB angioplasty with 
PTA for the treatment of stenotic hemodialysis arteriovenous fistulas or grafts. The search was 
carried out from January of 2012 to December of 2023. Risk of bias for RCTs was accessed with the 
Cochrane® risk of bias tool (RoB 2.0), and quality of cohort studies with the Newcastle-Ottawa Scale. 
The relative risk of loss of target lesion primary patency and loss of circuit primary patency were 
estimated by pooling the hazard ratio of RCTs and cohort studies, separately. Safety was evaluated 
using risk ratio of all-cause mortality at 12 and 24 months, between intervention groups. 
 
Results: 
 
Eighteen studies were found to meet the eligibility criteria, 14 of which were RCTs and 4 were 
cohort studies, including a total of 1894 patients. DEB demonstrated a greater efficacy in 
maintaining target lesion patency when compared to PTA, both amongst RCTs and cohort studies 
(HR 0.76, 95% CI 0.60-0.98, I2 = 69% and HR 0.55, 95% CI 0.38-0.82, I2 = 0%, respectively). Subgroup 
analyses found no significant correlation with type of access used, primary versus restenosis, 
vascular access age, use of predilation and paclitaxel dose. 
 
Similarly, 9 RCTs demonstrated a lower risk of overall access circuit patency loss for DEB, when 
compared to PTA (HR 0.85, 95% CI 0.77-0.94, I2 = 49%).  
 
All-cause mortality was analyzed for 16 studies at 12 month (RCTs: RR 0.99, 95% CI 0.69-1.44, I2 = 
0%; Cohort Studies: RR 0.99, 95% CI 0.18-5.53, I2 = 0%) and 5 studies at 24 months (RCTs: RR 1.20, 
95% CI 0.86-1.67, I2 = 0%; Cohort Studies: RR 1.67, 95% CI 0.42-6.56, I2 = 0%). We found no 
significant difference between DEB and PTA groups.  
 
Conclusion: 
 
Our analysis demonstrated a superiority of DEB for the treatment of upper limb hemodialysis 
arteriovenous fistula stenosis, when compared to PTA, with no difference in mortality rate.  
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Introduction 
 
The worldwide prevalence of kidney failure is estimated at roughly 0,1%, with nearly 4 million 
people living on kidney replacement therapy (KRT)1,2. The most commonly chosen KRT is 
undoubtedly hemodialysis, representing 69% of all treatments2. According to the European Society 
of Vascular Surgery guidelines, the first option for hemodialysis vascular access is an autogenous 
arteriovenous fistula (AVF), and it has proven to develop fewer post-operative complications and 
need for surgical or endovascular revisions, when compared to alternative options such as 
arteriovenous grafts (AVG) or central venous catheters3. Nevertheless, vascular access (VA) 
dysfunction still represents one of the most prominent causes of morbidity in patients undergoing 
hemodialysis, accounting for almost one third of hospitalizations in this population, ultimately 
increasing the burden for patients, as well as caregivers and generating high healthcare costs2. 
 
Dysfunction in matured fistulas is mostly due to venous stenosis, which may contribute to 
inefficient hemodialysis clearance, VA thrombosis and eventually AVF abandonment4-6. Upstream 
events such as trauma at the time of VA creation, hemodynamic shear stress, repetitive canulation, 
non-laminar flow and endothelial dysfunction secondary to uremia cause injury to the vessel wall7. 
This results in the proliferation of vascular smooth muscle cells and myofibroblasts (α-smooth 
muscle actin positive cells), and their migration to the intima, leading to an excessive deposition of 
extracellular matrix, vascular fibrosis and venous neointimal hyperplasia (NH), the primary cause of 
VA stenosis8,9. VA flow dysfunction can manifest with clinical signs (arm edema, weak or 
discontinuous thrill, high pitch systolic bruit, increased bleeding time), and may be associated to 
increased venous pressures, increased urea recirculation and decreased flow rates6. 
 
The development of VA stenosis culminates in relatively low primary patency rates for AVFs (62-
68% at 1-year and 38-56% at 2-years), as well as for AVGs (40-50% at 1-year and 20-30% at 2-years)3. 
Stenoses can develop at any point on the access circuit, with the most common location in AVFs 
being the juxta-anastomotic area (around 50%), whereas in AVGs the majority are located at the 
venous anastomosis (around 60%)10, 11.  
 
Clinically significant VA stenoses are primarily treated with percutaneous transluminal angioplasty 
(PTA), with patency rates of 26-62% for AVFs and 20% for AVGs, 1-year after PTA3, 12-14. Therefore, 
although PTA does prolong the lifespan of stenotic VAs, barotrauma caused by the angioplasty 
represents a risk factor for further development of repeated stenoses. These restenoses post-PTA 
have notably higher cellular proliferation rates in comparison to de novo stenoses, and lead to low 
patency rates and a greater need for reintervention15, 16.  
 
Having this in mind, research has been focusing on mechanisms to lower the rate of reinterventions 
needed to maintain and increase lifetime of hemodialysis VA. Angioplasty with drug-eluting 
balloons (DEB) has proven to be a promising potential solution. DEB coated with paclitaxel, a 
lipophilic, antiproliferative substance that infiltrates the vessel wall, inhibit local cell migration and 
proliferation, reducing NH at the target lesion17, 18. Paclitaxel’s lipophilic properties allow it to be 
passively absorbed through the cell membrane, maintaining a prolonged effect upon the vessel 
wall. In addition, DEB include a hydrophobic excipient to facilitate this transport. At present, there 
are several types of drug-coated angioplasty balloons, with paclitaxel concentrations ranging from 
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2 to 3.5 µg/mm2, and different excipient formulas19. Several randomized controlled trials (RCTs) and 
cohort studies have shown promising results for DEB, in comparison to current gold-standard 
conventional PTA in prolonging patency rates after angioplasty20-31. Furthermore, the use of DEB 
has already proven successful in enhancing the patency of other vessels, like coronary arteries, as 
well as femoropopliteal arteries32-35. However, consensus has yet to be reached on its overall 
benefit compared to PTA for the treatment of stenotic hemodialysis access36-41.  
 
Our systematic review and meta-analysis aims to analyze the most recent published evidence and 
determine if there is superiority in the use of DEB in terms of risk of patency loss, as well as its 
safety, when compared to the conventional approach with PTA in hemodialysis AVF stenosis. 
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Material and Methods 
 
This Systematic Review and Meta-Analysis was carried out in accordance to Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement42. 
 
Search Strategy 
 
An electronic literature search was conducted using the PubMed® and Scopus® for publications 
comparing the use of DEB and conventional PTA, from January of 2012 to December of 2023. The 
following search terms were used: (“AVF” OR “AV access” OR ”arteriovenous access” OR “fistula” 
OR “fistulas” OR “fistulae” OR  “hemodialysis” OR “haemodialysis” OR “dialysis” OR “AVF 
angioplasty” OR “arteriovenous fistula angioplasty” OR  “AVF patency”  OR “arteriovenous fistula 
patency” OR  “AVF stenosis” OR “arteriovenous stenosis” OR “AVG” OR “arteriovenous graft” OR 
“arteriovenous grafts”) AND (“paclitaxel-eluting balloons” OR “paclitaxel-coated balloons” OR 
“drug-coated balloons” OR “drug-eluting balloons” OR “DCB” OR “DEB”). Results were downloaded 
to EndNote 21.1 (Clarivate), where duplicates were removed.  
 
Articles identified were initially screened according to title and abstract, in order extract the 
relevant literature. Selected studies were then examined in their entirety, to identify inclusion 
criteria and outcomes of interest.  
 

Selection Criteria 
 
The selection included RCTs and cohort studies analyzing adult (≥18 years) patients with primary or 
restenotic lesions in upper limb hemodialysis AVF and AVG, undergoing endovascular 
revascularization with DEB, using PTA as a control. We considered PTA as non-specialized balloon 
angioplasty procedures recommended by Kidney Disease Outcomes Quality Initiative (KDOQI) and 
European Society for Vascular Surgery (ESVS) guidelines as primary treatment for AVF stenosis, 
namely standard balloon or high-pressure balloon (HPB) angioplasty3, 6.  
 
The primary outcome was efficacy of DEB compared to PTA, determined by the loss of target lesion 
primary patency (TLPP) or target lesion revascularization after index procedure. The secondary 
outcomes included loss of circuit primary patency (CPP) and all-cause mortality at 12 months and 
24 months. The absence of a primary outcome report determined the exclusion of the study from 
quantitative analysis. All studies had a minimum of 6 months follow-up. In studies reporting 
unadjusted and adjusted estimates, we used the unadjusted results, for a better comparability to 
other studies.  
 
As exclusion criteria, the following was established: in vitro tests; animal studies; case reports; 
conference abstracts; repeated reporting; protocols; reviews; commentaries; letters; studies not 
written in English or Portuguese language; full text not available; single arm cohort studies; cross-
over study designs; studies using endovascular treatment other than DEB and PTA, namely cutting-
balloons, stents, scoring balloons or hydrostatic balloons; central venous access; central venous 
target lesion (proximal to or including the subclavian vein); in-stent stenosis; fistulas that were 
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explicitly immature or had not yet been used for hemodialysis; studies focused solely on thrombotic 
lesions. In studies with more than one publication, the most recent literature was used for analysis.  
 
Assessment of Quality and Risk of Bias 
 
Individual study risk of bias for RCTs was evaluated using the Cochrane risk of bias tool (RoB 2.0)43, 
through the assessment of appropriate randomization process, deviation form intended 
interventions, missing outcome data, measurement of the outcomes and selection of reported 
results. As for the quality of cohort studies the Newcastle-Ottawa Scale for non-randomized studies 
was used, which assessed the selection cohorts, comparability between them and outcomes 
presented. A score of >5 was considered a determinant for a high-quality study44.  

 
Data Analysis and Statistical Methods 
 
RCTs and observational studies were analyzed separately, taking into account the methodological 
differences inherent to each study design45. In the studies that reported the hazard ratio (HR) and 
95% confidence interval (CI) for loss of TLPP and CPP, we used this information to estimate the 
variance of the lnHR (V). In the studies in which this was not provided, the observed and expected 
events in the intervention and control arms was used to estimate the HR and V, taking into account 
results reported at different timeframes, in order to calculate an average HR for the total follow-up 
in each study46. A random effects model was used to estimate the pooled HR of loss of TLPP and 
CPP, in cases where the heterogeneity was >50% to account for methodological or clinical 
heterogeneity, otherwise common effects model was preferred. The same logic was applied to the 
pooled all-cause mortality, expressed as risk ratio (RR) with 95% CI. Results were deemed 
statistically significant when the 95% CI for the pooled HRs did not include 1. A 95% CI lesser than 
1 determined a protecting effect for DEB, whereas a 95% CI greater that 1 meant a risk effect for 
DEB, when compared to PTA.  
 
𝐼! was used to evaluate statistical heterogeneity, with values of <40% representing low 
heterogeneity, 40-75% moderate heterogeneity and >75% considerable heterogeneity45. Funnel 
plots were used to access the publication bias, determined by the asymmetry present in the 
diagrams.  
 
We also performed subgroup analysis of the primary outcome to investigate the possibility of a 
variation in treatment efficacy in different patient groups. Subgroups were created according to the 
type of access used (AVF versus AVG), primary stenosis versus restenosis, age of the vascular access, 
use of predilation and the paclitaxel concentration. 
 
The library meta from R 4.3.1 software was used for this meta-analysis. 
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Results 
 
Literature search and study selection 
 
In total, 340 articles were identified in both databases (PubMed® and Scopus®) using the above 
query. Following the elimination of duplicates (n=122), 218 articles were screened though abstract 
and title. After initial screening, 67 papers were retrieved, and evaluated in full-text to identify 
inclusion and exclusion criteria. The number and reasoning for excluded studies is specified in 
Figure 1. Twenty studies were found to meet the inclusion criteria, however two of these did not 
report the primary outcome (loss of TLPP) and were therefore excluded from the quantitative 
analysis. Finally, 18 studies were approved for inclusion in the meta-analysis (Table I and II).  
 
Study characteristics  
 
Out of the eighteen studies selected for the meta-analysis, 14 were RCTs16, 20-25, 47-53 and 4 were 
cohort studies28-31, including a total of 1894 patients (939 patients treated with DEB and 955 
patients treated with PTA). Within the cohort studies, there was one prospective31 and 3 
retrospective study designs28-30. Eight of the selected publications referred to multicenter studies16, 

20, 21, 47, 49-51, 53. Extracted study characteristics are presented in Table I and Table II.  
 
Regarding the hemodialysis VA, the majority of studies included only patients with autogenous 
AVFs, with 7 studies including both AVFs and AVGs22, 25, 47, 48, 51, 53, and 2 RCTs were dedicated solely 
to the study of grafts20, 23. Although several studies did not report vascular access age, most had an 
average of > 2 years.  
 
The proportion of recurrent to primary stenosis was variable across studies, with two cohort studies 
focusing only on primary stenosis29, 31, while one cohort and 2 RCTs included solely restenotic 
lesions23, 28, 53. Of note, even though central vein target stenosis was an exclusion criterion for this 
review, in Trerotola et al. one patient presented with subclavian vein stenosis as a protocol 
deviation, with no statistical significance50.  
 
Before the index angioplasty procedure, 11 studies opted for a predilation of the stenosis16, 20-22, 29-

31, 49-52, and 2 other studies performed predilation at the operator’s discretion25, 28. Seven different 
brand of DEB were used across all studies, including IN.PACTTM (n = 11), APERTO® (n = 2), SeQuent® 
(n = 1), Advance® (n = 1), LutonixTM  (n = 3) and Passeo® (n = 1), with one study using two different 
brands of DEB in their intervention group30. Most studies did not report Paclitaxel dose, and in the 
ones that did, drug dose ranged from 2 to 3.5 μg/mm2.  
 
Target lesion and access circuit patency were monitored through physical examination, duplex 
ultrasonography, angiography, or a combination of methods. In most studies, patency endpoints 
were determined by physical and/or functional signs of VA dysfunction, caused by significant 
anatomical stenosis, while some took only anatomical aspect into consideration16, 22, 53. 
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Quality and Risk of Bias 
 
For the RCTs, due to the visual difference between conventional and coated balloons, there was an 
overall inability to blind the intervention from the operator, which generated a moderate risk of 
bias in the deviation from the intended intervention parameter for all RCTs. The lack of concealment 
of treatment groups also increased the risk of bias in the measurement of the outcome in all trials, 
except the ones that explicitly blinded the outcome assessors, as well as follow-up staff and 
physicians16,22,23,52,53,57. As for the bias in the randomization process, several studies had insufficient 
descriptions of the process used, increasing the risk16, 21, 47, 50, 51. Risk of bias for missing outcomes 
data was high in three RCTs for the failure to recruit the initially planned necessary number of 
patients48, 52, 53, and in another two for the absence of missing data or censorship description21, 51. 
In addition, Lookstein et al. had a higher risk of bias in this parameter as there was an extension of 
the follow-up period, with several patients not reconsenting16 (Figure 2 and 3). 
 
For the non-randomized cohort studies selected, the Newcastle-Ottawa Scale demonstrated high 
quality for all studies included (Table III). As a prospective study with a retrospective control group, 
Lučev et al. had its score reduced for selection of a temporarily remote non-exposed cohort31.  
 

Loss of Target Lesion Primary Patency 
 
All 18 selected studies reported the patency of the target lesion after index angioplasty. The hazard 
ratio was estimated for each of the 14 RCTs and 4 cohort studies, and pooled to create two separate 
analysis. 
 
Amongst the RCTs, looking at the random effects model, it is clear that DEB demonstrated reduction 
in risk of loss of TLPP when compared to the use of conventional PTA (HR 0.76, 95% CI 0.60 to 0.98), 
although there was moderate heterogeneity (𝐼! = 69%) (Figure 4 A). Only Björkman et al. presented 
very different results from the remaining studies, with significantly worst outcomes for DEB52. 
Additionally, publication bias is unlikely given the approximate symmetry of the funnel plot (Figure 
4 B).  
 
The analysis of cohorts studies also favoured the use of DEB over PTA for decreasing the risk of loss 
of patency at the target lesion, using the common effect model (HR 0.55, 95% CI 0.38 to 0.82), with 
no apparent heterogeneity (𝐼! = 0%) (Figure 5). Although the funnel plot is apparently not 
symmetrical, an analysis of less than 10 studies limits the viable interpretation for publication bias. 

 

Loss of Circuit Primary Patency 
 
Only nine RCTs reported the loss of CPP. Upon analysis of the pooled hazard ratios, the rate of 
overall hemodialysis access circuit patency loss was higher in patients that underwent initial PTA, 
in comparison to those with DEB angioplasty (HR 0.85, 95% CI 0.77 to 0.94). Heterogeneity was 
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found to be moderate (𝐼! = 49%) (Figure 6). Once again, even though the funnel plot might be 
visually asymmetrical, the number of studies included in the analysis is too scarce to determine a 
risk of publication bias. 
 
Only one cohort study reported the loss of CPP, therefore no quantitative analysis was carried-out 
in this group30. 

 

Mortality 
 
All-cause mortality was analyzed for 16 studies at 12 months. In the 13 RCTs analyzed, 1538 patients 
were included (n = 765 for DEB and n = 773 for PTA), with a total number of deaths of 51 (6.7%) in 
the DEB group and 52 (6.7%) in the PTA group. In the 3 cohort studies analyzed, 305 patients were 
included (n = 145 for DEB and n = 160 for PTA), with a total number of deaths of 2 (1.4%) in the DEB 
group and 2 (1.3%) in the PTA group. The pooled data using a common effects model determined 
no significant difference in 12-month all-cause mortality between groups both within RCTs (RR 0.99, 
95% CI 0.69 to 1.44, 𝐼! = 0%) and within cohort studies (RR 0.99, 95% CI 0.18 to 5.53, 𝐼! = 0%) 
(Figure 7 and 8). 
 
Three RCTs and 2 cohort presented their all-cause mortality at 24 months. In a total of 649 RCT 
patients, there were 115 deaths (n = 63 (19.3%) for DEB and n= 52 (16.3%) for PTA), with a non-
significant difference between the two intervention groups (RR 1.20, 95% CI 0.86 to 1.67, 𝐼! = 0%) 
(Figure 9). As for the cohort studies, in a pool of 88 patients (n = 44 for DEB and n= 44 for PTA), 5 
(11.4%) from the DEB group and 3 (6.8%) from the PTA group died within 24 months, representing 
a non-significant difference between groups (RR 1.67, 95% CI 0.42 to 6.56, 𝐼! = 0%) (Figure 10). 
There was no evidence of heterogeneity in any of the all-cause mortality analysis. 

 

Cost effectiveness 
 
Two studies included in our meta-analysis, both RCTs, analyzed the cost-effectiveness of DEB, when 
compared to the conventional PTA approach. Novak et al. reported a 32% cost increase with the 
use of DEB, with an additional USD 11.80/day for the initial procedure. However, the increased 
time-to-reintervention after DEB angioplasty meant that the overall cost for maintaining access 
patency was lower in this group22. Similarly, Kitrou et al. also performed a cost-effectiveness 
analysis with a favorable outcome for DEB, namely incremental cost-effectiveness ratio 2250 euros 
per primary patency year of access gained, with incremental net benefits of 1000 euros for 
willingness-to-pay threshold of 5000 euros25.  

 

Subgroup Analysis  
 
When comparing studies recruiting exclusively autogenous AVF with those that included only AVG, 
no significant difference was found in terms of DEB efficacy on the target lesion (p=0.90). Similar 
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results were found between studies that included solely restenotic lesions, and those combining 
both primary and restenotic lesions (p=0.72). Subgroup analysis was also carried out in studies with 
and without the use of predilation, which did not demonstrate statistically significant difference 
(p=0.88). In addition, with only one study reporting the use of a low-dose (2.0μgmm2) DEB, the 
effect of paclitaxel dose was examined by grouping studies that used DEB coated with >3.0μg/mm2 

and those using ≤3.0μg/mm2 and found no significant difference in primary outcome (p=0.28). 
Finally, to determine the effect of VA age a meta-regression was carried-out that concluded no 
significant correlation with DEB efficacy, both within RCTs and cohort studies (p=0.57 and p=0.22, 
respectively). Due to the lack of data for subgroup classification, and the fact that subgoups with a 
single study should not be include, only the last variable was analyzed for cohort studies. (Figures 
11 to 16) 
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Discussion 
 
The superiority of DEB over conventional PTA still remains controversial. Although literature 
continues to emerge favoring the use of DEB in stenotic hemodialysis access36-38, some recent 
analyses contrast this evidence with equivalent efficacy outcomes for DEB and PTA39-41.  
 
As a treatment for stenosis in other vessels, DEB have already proven successful in enhancing the 
patency outcomes for coronary arteries, as well as femoropopliteal arteries, where the consistent 
superiority in several RCTs has rendered the drug-eluting technology use as a routine practice34, 35. 
However, the anatomical differences inherent to arteriovenous fistulas, along with the non-
physiological hemodynamics that create a continuous stress upon the vessel wall, may render 
different patency outcomes54.  
 
Our meta-analysis aimed to compare the efficacy of DEB and conventional endovascular treatment 
by combining the results of 18 studies, including the most recent large scale studies20, 22, 29, 47 and 
long-term results of previously analyzed trials16, and also taking into account the results of RCTs and 
cohort studies.  
 

Efficacy 
 
Through the pooled HRs from each study selected, we concluded that there is a significant 
reduction in the risk of loss of TLPP and CPP with the use of DEB angioplasty as opposed to PTA in 
stenotic hemodialysis upper limb arteriovenous access. The results favoring the use of DEB were 
evident not only for RCTs, but also for cohort studies, which contrasts with Abdul et al.’s previously 
published meta-analysis, that demonstrated statistically significant positive results only within 
retrospective cohorts41. This may be due to the increasing number large RCTs recently published 
presenting positive results for DEB. However, it is important to keep in mind that our patency 
outcomes were associated to substantial heterogeneity within RCTs, which may deem these results 
less reliable.  
 
Looking at the forest plot for TLPP in RCTs, there is a clear outlier, with contrasting outcomes in 
comparison to the remaining studies. Björkman et al. presented a shorter target lesion 
revascularization-free survival for DEB during the 12-month follow-up52. These discrepant results 
may have increased the statistical heterogeneity of our analysis. To explain this occurrence, the 
authors suggested that this could have been due to the low average fistula age, which is indeed 
significantly shorter than the rest of our included studies (less than 6 months). However, our 
subgroup analysis according to vascular access age did not find a correlation corroborating this 
hypothesis (Figure 16). On the other hand, the early recruitment discontinuation in this study, 
which ended up having a much lower number of patients than the required protocol, may have 
compromised the results.  
 
Seeing as the use of DEB in hemodialysis access stenosis is still a relatively new concept, with 
ongoing investigation and not yet included in American or European guidelines, the ideal 
population, vessel characteristics, paclitaxel dose, vessel preparation and application technique is 
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still uncertain. This was reflected in the methodological variations between the included studies 
and may have contributed to the statistical heterogeneity. In an attempt overcome this issue, 
subgroup analyses were carried out, aggregating studies with similar baseline and methodological 
characteristics.  
 
Comparing studies that included only native AVF and those including only AVG, there was no 
significant difference between outcomes in terms of risk of TLPP loss (Figure 11). This is in line with 
Han et al.’s conclusions of similar improvement on risk of patency loss with the use of DEBs for both 
VA types within 6 and 12 months36.  
 
At present, there are several different DEB available in the market, with paclitaxel concentrations 
ranging from 2 to 3.5 μg/mm2, and different excipient formulas19. The dose dependent effect of 
paclitaxel on restenosis rate reduction has previously been demonstrated for DEB use in 
femoropopliteal arteries by Katsanos et al., with superior results for standard paclitaxel dose (3.0 
μg/mm2 and 3.5μg/mm2), as opposed to low-dose (2.0μg/mm2)55. Similary, Fong et al. found a 
better TLPP outcome only for standard paclitaxel dose, with no advantage between 3.0μg/mm2 and 
3.5μg/mm2. Due to a lack of low-dose balloon use in our study sample, subgroups were aggregated 
in ≤3.0μg/mm2 and >3.0 μg/mm2, with no significant difference in efficacy between them. It must, 
however, be noted that we did not take into account the DEB length, surface area or the excipient 
used, which may have resulted in different nominal doses delivered (Figure 12). 
 
As forementioned, recurrent AVF stenoses have notably higher cellular proliferation rates in 
comparison to primary stenoses, leading to lower patency rates post-PTA15, 16, 56. With a more 
pronounced neointimal hyperplasia, it has been postulated that DEB could have greater benefits 
for recurrent stenoses than primary stenoses57. Three of the studies included in our meta-analysis 
examined the separate patient level outcomes for primary and recurrent stenotic lesions, and could 
not find statistically significant differences20, 47, 50. Likewise, in our subgroup analysis, studies that 
included only restenotic lesions showed similar outcomes to those that included both primary 
lesions and restenosis (Figure 13). 
 
Finally, predilation was also a point of heterogeneity between studies protocols. Although some 
studies opted to not predilate vessels before DEB use, an increasing amount of literature has 
pointed in favor of this practice, as the apparent fractures and fissures created by the previous 
angioplasty on the vessel wall may allow for a more efficient and homogenous delivery of paclitaxel, 
as well as reducing its loss during the passing of the stenosis58.  Comparing the HR for loss TLPP in 
studies where predilation was performed, and those where it was not, results appear to be similar 
(Figure 14). 

 

Mortality 
 
Recently, concerns have been raised over the long-term safety of paclitaxel-coated devices, namely 
in a meta-analysis by Katsanos et al. published in 201859. This publication suggested an increase 
mortality risk within two to five years after treatment of femoropopliteal artery stenosis with 
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paclitaxel-coated balloons and stents. Although this hypothesis became extremely concerning upon 
its release, prompting the US Food and Drug Administration (FDA) to raise a red-flag on the overall 
use of these devices in 201960, investigation into DEB use in endovascular procedures for 
hemodialysis access has unanimously discarded the increased mortality risk61. In fact, as of February 
2023, the FDA had officially declared the long-term safety of drug-eluting devices, upon the analysis 
of additional data from several RCTs, with follow-ups ranging from two to five years62.  
 
This statement is in agreement with the conclusions drawn from the studied included in our meta-
analysis, where we found similar risk of mortality for patients who had undergone DEB angioplasty, 
in comparison to those treated with PTA. This was evident within 12 months of follow-up, but also 
after 24 months.  

 

Cost effectiveness  
 
Cost effectiveness is an important aspect that should always be weighed in determining the overall 
superiority of an improved device for a conventional technique in the real-world clinical practice. 
In order to evaluate a potential decrease in overall VA maintenance cost with the use of DEB instead 
of PTA, two single-centered RCTs included in our meta-analysis analyzed cost-effectiveness within 
a European context, suggesting a better overall performance for DEB22, 25. 
 
In line with these findings, the 12 month outcomes of Lookstein et al.’s16 trial have been used to 
evaluate the long-term cost-effectiveness of DEB in the US context, in a separate publication, where 
cost saving were apparent not only within 12 months post-angioplasty, but also in 2.5 and 3-year 
projections63. 
 
As investigation into new endovascular treatments for AVF stenosis grows, it is essential to further 
compare the cost-effectiveness of DEB and PTA in larger cohorts, but also to compare it to other 
emerging novel techniques.  
 

Limitations 
 
Firstly, although inclusion of cohort studies increased our sample size and contributed to the 
demonstration of real-world evidence of the benefit of DEB use in clinical practice, the retrospective 
design and absence of randomization in these studies increases the risk of selection bias in the 
overall analysis.  
 
Secondly, the studies included in this meta-analysis had substantial protocol heterogeneity. The 
methods for stenosis evaluation, patency endpoints, fistula and stenosis location, vessel 
preparation and technical procedure were not homologous, which may have contributed to the 
heterogeneity in results. Although we attempted to find sources of heterogeneity by performing 
subgroup analysis according to patient and study characteristics that had previously been noted to 
contribute to VA patency, we were not able to account for several other covariates with prognostic 
potential. 
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Finally, although our systematic review and meta-analysis did not undergo previous registration, it 
did follow the recommendations published in the PRISMA statement and checklist.  
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Conclusion 
 
Our analysis demonstrated there is a significant reduction in the risk of loss of AVF and AVG patency 
with the use of DEB angioplasty as opposed to conventional PTA in the treatment of stenotic 
hemodialysis upper limb VA. Furthermore, this approach does not increase the risk of mortality of 
patients within 12 and 24 months and seems to be a cost-effective option.  
 
Future research should encompass long-term follow-up of larger cohorts, focusing on the 
evaluation of specific subgroups, to mitigate the heterogeneity amongst the study populations and 
stenotic fistula characteristics, and determine which lesions or patients would benefit the most 
from the use of drug-eluting balloon angioplasty.  
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Appendix 
 

DEB, drug-eluting balloon; PTA, percutaneous transluminal angioplasty; AVF, arteriovenous fistula; AVG, arteriovenous graft; HPB, high pressure 
ballons; NR, not reported. 
 
 

DEB, drug-eluting balloon; PTA, percutaneous transluminal angioplasty; AVF, arteriovenous fistula; AVG, arteriovenous graft; HPB, high pressure 
ballons; NR, not reported. 
 
 
 
 
 
 

Table I. Baseline Characteristics of included Cohort Studies. 

Table II. Baseline Characteristics of included RCTs. 



 15 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table III. Newcastle-Ottawa Scale quality assessment of included cohort studies. 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for the selection 
of studies included in our analysis. 
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Figure 2. Risk of bias summary of included RCTs. 

Figure 3. Risk of bias graph of included RCT. 
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A. 

 
 
B. 

 
Figure 4. Forest plot of pooled HRs (A) and publication bias funnel plot (B) for loss of TLPP after angioplasty AVF using 
DEB, compared to PTA, in RCTs.  
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A. 

 
 
 
B. 

 
Figure 5. Forest plot of pooled HRs (A) and publication bias funnel plot (B) for loss of TLPP after angioplasty of AVF using 
DEB, compared to PTA, in cohort studies. 
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Figure 6. Forest plot of pooled HRs (A) and publication bias funnel plot (B) for loss of CPP after angioplasty of AVF using 
DEB, compared to PTA, in RCTs. 
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Figure 7. Forest plot of RR for all-cause mortality at 12 months after angioplasty of AVF using DEBs, compared to PTA, in 
RCTs. 

Figure 8. Forest plot of RR for all-cause mortality at 12 months after angioplasty of AVF using DEB, compared to PTA, 
in cohort studies. 

Figure 9. Forest plot of RR for all-cause mortality at 24 months after angioplasty of AVF using DEB, compared to PTA, 
in RCTs. 
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Figure 10. Forest plot of RR for all-cause mortality at 24 months after angioplasty of AVF using DEB, compared to PTA, in 
cohort studies. 

 
 

 

Figure 11. Subgroup analysis on loss of TLPP for studies including only AVF vs. studies including only AVG, 
for RCTs. 
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Figure 12. Subgroup analysis on loss of TLPP for studies using DEB with paclitaxel dose >3μg/mm2 vs. 
≤3.0μg/mm2, for RCTs. 

Figure 13. Subgroup analysis on loss of TLPP for studies including primary stenotic lesions vs. restenotic lesions, 
for RCTs. 
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Figure 14. Subgroup analysis on loss of TLPP for studies using predilation vs. no predilation, for RCTs. 

Figure 15. Subgroup analysis on loss of TLPP for vascular access age, in RCTs. 
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Figure 16. Subgroup analysis on loss of TLPP for vascular access age, in cohort studies. 



 26 

References 
1. Bello A, Okpechi I, Levin A. ISN–Global Kidney Health Atlas: A report by the International 
Society of Nephrology: An Assessment of Global Kidney Health Care Status focussing on Capacity, 
Availability, Accessibility. Affordability and Outcomes of Kidney Disease: International Society of 
Nephrology. 2023. 
2. Bello AK, Okpechi IG, Osman MA, et al. Epidemiology of haemodialysis outcomes. Nature 
Reviews Nephrology. 2022;18(6):378-95. 
3. Schmidli J, Widmer MK, Basile C, et al. Editor's choice–vascular access: 2018 clinical practice 
guidelines of the European Society for Vascular Surgery (ESVS). European Journal of Vascular and 
Endovascular Surgery. 2018;55(6):757-818. 
4. Gameiro J, Ibeas J. Factors affecting arteriovenous fistula dysfunction: A narrative review. 
The journal of vascular access. 2020;21(2):134-47. 
5. Manov JJ, Mohan PP, Vazquez-Padron R. Arteriovenous fistulas for hemodialysis: Brief 
review and current problems. The Journal of Vascular Access. 2022;23(5):839-46. 
6. Lok CE, Huber TS, Lee T, et al. KDOQI clinical practice guideline for vascular access: 2019 
update. American Journal of Kidney Diseases. 2020;75(4):S1-S164. 
7. Chen B, Wang P, Brem A, Dworkin L, Liu Z, Gong R. Mineralocorticoid receptor: A hidden 
culprit for hemodialysis vascular access dysfunction. EBioMedicine. 2019;39:621-7. 
8. Lee T, Haq NU. New developments in our understanding of neointimal hyperplasia. 
Advances in chronic kidney disease. 2015;22(6):431-7. 
9. Roy-Chaudhury P, Sukhatme VP, Cheung AK. Hemodialysis vascular access dysfunction: a 
cellular and molecular viewpoint. Journal of the American Society of Nephrology. 2006;17(4):1112-
27. 
10. Clark TW, Hirsch DA, Jindal KJ, Veugelers PJ, LeBlanc J. Outcome and prognostic factors of 
restenosis after percutaneous treatment of native hemodialysis fistulas. Journal of vascular and 
interventional radiology. 2002;13(1):51-9. 
11. Maya ID, Oser R, Saddekni S, Barker J, Allon M. Vascular access stenosis: comparison of 
arteriovenous grafts and fistulas. American journal of kidney diseases. 2004;44(5):859-65. 
12. Zhu Z-R, Zou L, Xing Y, et al. Predictors of primary patency after percutaneous balloon 
angioplasty for stenosis of Brescia-Cimino hemodialysis arteriovenous fistula. The British Journal of 
Radiology. 2020;93(1109):20190505. 
13. Zheng Q, Xie B, Xie X, et al. Predictors associated with early and late restenosis of 
arteriovenous fistulas and grafts after percutaneous transluminal angiography. Annals of 
Translational Medicine. 2021;9(2). 
14. Kim WS, Pyun WB, Kang BC. The primary patency of percutaneous transluminal angioplasty 
in hemodialysis patients with vascular access failure. Korean circulation journal. 2011;41(9):512. 
15. Chang CJ, Ko PJ, Hsu LA, et al. Highly increased cell proliferation activity in the restenotic 
hemodialysis vascular access after percutaneous transluminal angioplasty: implication in 
prevention of restenosis. Am J Kidney Dis. 2004;43(1):74-84. 
16. Lookstein R, Haruguchi H, Suemitsu K, et al. IN.PACT AV Access Randomized Trial of Drug-
Coated Balloons for Dysfunctional Arteriovenous Fistulae: Clinical Outcomes through 36 Months. J 
Vasc Interv Radiol. 2023. 
17. Lookstein RA, Haruguchi H, Ouriel K, et al. Drug-coated balloons for dysfunctional dialysis 
arteriovenous fistulas. New England Journal of Medicine. 2020;383(8):733-42. 
18. Boitet A, Massy ZA, Goeau-Brissonniere O, Javerliat I, Coggia M, Coscas R. Drug-coated 
balloon angioplasty for dialysis access fistula stenosis. Semin Vasc Surg. 2016;29(4):178-85. 
19. Mori M, Sakamoto A, Kawakami R, et al. Paclitaxel-and sirolimus-coated balloons in 
peripheral artery disease treatment: current perspectives and concerns. Vasc Endovasc Rev. 
2021;4:e03. 
20. Goo DE, Kim YJ, Park SW, Cheon HJ, Won YD, Yang SB. A Prospective Multicenter 
Randomized Controlled Trial for Comparing Drug-Coated and Conventional Balloon Angioplasty in 



 27 

Venous Anastomotic Stenosis of Hemodialysis Arteriovenous Grafts. CardioVascular and 
Interventional Radiology. 2023. 
21. Karmota AG. Paclitaxel coated-balloon (PCB) versus standard plain old balloon (POB) 
fistuloplasty for failing dialysis access. Annals of the Royal College of Surgeons of England. 
2020;102(8):601-5. 
22. Novak M, Matras P, Kavan J, Lambert L, Burgetova A. Angioplasty of Dysfunctional Dialysis 
Fistula or Graft with Resveratrol-Excipient and Paclitaxel-Coated Balloon Improves Primary Patency 
Rates Compared to Plain Angioplasty Alone. J Clin Med. 2022;11(24). 
23. Liao MT, Lee CP, Lin TT, et al. A randomized controlled trial of drug-coated balloon 
angioplasty in venous anastomotic stenosis of dialysis arteriovenous grafts. J Vasc Surg. 
2020;71(6):1994-2003. 
24. Kitrou PM, Spiliopoulos S, Katsanos K, Papachristou E, Siablis D, Karnabatidis D. Paclitaxel-
coated versus plain balloon angioplasty for dysfunctional arteriovenous fistulae: One-year results 
of a prospective randomized controlled trial. Journal of Vascular and Interventional Radiology. 
2015;26(3):348-54. 
25. Kitrou PM, Katsanos K, Spiliopoulos S, Karnabatidis D, Siablis D. Drug-eluting versus plain 
balloon angioplasty for the treatment of failing dialysis access: final results and cost-effectiveness 
analysis from a prospective randomized controlled trial (NCT01174472). Eur J Radiol. 
2015;84(3):418-23. 
26. Çildağ MB, Köseoğlu ÖFK, Akdam H, Yeniçerioğlu Y. The primary patency of drug-eluting 
balloon versus conventional balloon angioplasty in hemodialysis patients with arteriovenous fistula 
stenoses. Japanese Journal of Radiology. 2016;34(10):700-4. 
27. Chaivanit T, Chaivanit P, Bumrungrachapukdee P, Unprasert P, Wattanavaekin K, 
Benyakorn T. Comparison of Primary Patency Rate between Drug-Coated Balloon and Plain Balloon 
Angioplasty in Hemodialysis Access. Siriraj Medical Journal. 2022;74(6):388-94. 
28. Haave TR, Manstad-Hulaas F, Brekken R. Treatment of restenosis in radiocephalic 
arteriovenous hemodialysis fistulas: percutaneous transluminal angioplasty or drug-coated 
balloon. Acta Radiologica. 2019;60(11):1584-9. 
29. Kocaaslan C, Oztekin A, Bademci MS, Denli Yalvac ES, Bulut N, Aydin E. A retrospective 
comparison analysis of results of drug-coated balloon versus plain balloon angioplasty in treatment 
of juxta-anastomotic de novo stenosis of radiocephalic arteriovenous fistulas. Journal of Vascular 
Access. 2020;21(5):596-601. 
30. Patanè D, Failla G, Coniglio G, et al. Treatment of juxta-anastomotic stenoses for failing 
distal radiocephalic arteriovenous fistulas: Drug-coated balloons versus angioplasty. J Vasc Access. 
2019;20(2):209-16. 
31. Lučev J, Breznik S, Dinevski D, Ekart R, Rupreht M. Endovascular Treatment of 
Haemodialysis Arteriovenous Fistula with Drug-Coated Balloon Angioplasty: A Single-Centre Study. 
Cardiovasc Intervent Radiol. 2018;41(6):882-9. 
32. Cassese S, Byrne RA, Ott I, et al. Paclitaxel-coated versus uncoated balloon angioplasty 
reduces target lesion revascularization in patients with femoropopliteal arterial disease: a meta-
analysis of randomized trials. Circulation: Cardiovascular Interventions. 2012;5(4):582-9. 
33. Scheller B, Clever YP, Kelsch B, et al. Long-term follow-up after treatment of coronary in-
stent restenosis with a paclitaxel-coated balloon catheter. JACC Cardiovasc Interv. 2012;5(3):323-
30. 
34. Geroulakos G, Paraskevas KI. The 2024 ESVS Guidelines on Lower Limb Peripheral Arterial 
Disease: A Step Forward. European Journal of Vascular and Endovascular Surgery. 2024;67(1):3-5. 
35. Byrne RA, Rossello X, Coughlan J, et al. 2023 ESC guidelines for the management of acute 
coronary syndromes: developed by the task force on the management of acute coronary syndromes 
of the European Society of Cardiology (ESC). European Heart Journal: Acute Cardiovascular Care. 
2024;13(1):55-161. 
36. Han A, Park T, Kim HJ, Min S, Ha J, Min SK. Editor's Choice - Paclitaxel Coated Balloon 
Angioplasty vs. Plain Balloon Angioplasty for Haemodialysis Arteriovenous Access Stenosis: A 



 28 

Systematic Review and a Time to Event Meta-Analysis of Randomised Controlled Trials. Eur J Vasc 
Endovasc Surg. 2021;62(4):597-609. 
37. Hu H, Tan Q, Wang J, Liu Y, Yang Y, Zhao J. Drug-coated balloon angioplasty for failing 
haemodialysis access: meta-analysis of randomized clinical trials. Br J Surg. 2021;108(11):1293-303. 
38. Zhang Y, Yuan FL, Hu XY, Wang QB, Zou ZW, Li ZG. Comparison of drug-coated balloon 
angioplasty versus common balloon angioplasty for arteriovenous fistula stenosis: A systematic 
review and meta-analysis. Clin Cardiol. 2023;46(8):877-85. 
39. Luo C, Liang M, Liu Y, Zheng D, He Q, Jin J. Paclitaxel coated balloon versus conventional 
balloon angioplasty in dysfunctional dialysis arteriovenous fistula: a systematic review and meta-
analysis of randomized controlled trials. Renal Failure. 2022;44(1):155-70. 
40. Liao MT, Chen MK, Hsieh MY, et al. Drug-coated balloon versus conventional balloon 
angioplasty of hemodialysis arteriovenous fistula or graft: A systematic review and meta-analysis 
of randomized controlled trials. PLoS One. 2020;15(4):e0231463. 
41. Abdul Salim S, Tran H, Thongprayoon C, Fülöp T, Cheungpasitporn W. Comparison of drug-
coated balloon angioplasty versus conventional angioplasty for arteriovenous fistula stenosis: 
Systematic review and meta-analysis. Journal of Vascular Access. 2020;21(3):357-65. 
42. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. International journal of surgery. 2021;88:105906. 
43. Higgins JP, Savović J, Page MJ, Elbers RG, Sterne J. Assessing risk of bias in a randomized 
trial. Cochrane handbook for systematic reviews of interventions. 2019;6:205-28. 
44. Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa scale (NOS) for assessing 
the quality of nonrandomised studies in meta-analyses. Ottawa: Ottawa Hospital Research 
Institute. 2011;2(1):1-12. 
45. Higgins J, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic Reviews of 
Interventions version 6.4 (updated August 2023). In: Cochrane, editor.: Available from 
www.training.cochrane.org/handbook.; 2023. 
46. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for incorporating 
summary time-to-event data into meta-analysis. Trials. 2007;8:1-16. 
47. Maleux G, van der Linden E, Heijboer RJJ, et al. Multicenter Randomized Controlled Trial of 
APERTO-Paclitaxel Drug-Eluting Balloon Angioplasty Versus Standard Percutaneous Transluminal 
Angioplasty in Dysfunctional Hemodialysis Grafts and Native Fistulae. Journal of Endovascular 
Therapy. 2023. 
48. Fransson T, Gottsäter A, Abdulrasak M, Malina M, Resch T. Drug-eluting balloon (DEB) 
versus plain old balloon angioplasty (POBA) in the treatment of failing dialysis access: A prospective 
randomized trial. J Int Med Res. 2022;50(3):3000605221081662. 
49. Yin Y, Shi Y, Cui T, et al. Efficacy and Safety of Paclitaxel-Coated Balloon Angioplasty for 
Dysfunctional Arteriovenous Fistulas: A Multicenter Randomized Controlled Trial. Am J Kidney Dis. 
2021;78(1):19-27.e1. 
50. Trerotola SO, Saad TF, Roy-Chaudhury P. The Lutonix AV Randomized Trial of Paclitaxel-
Coated Balloons in Arteriovenous Fistula Stenosis: 2-Year Results and Subgroup Analysis. J Vasc 
Interv Radiol. 2020;31(1):1-14.e5. 
51. Moreno-Sánchez T, Moreno-Ramírez M, Machancoses FH, Pardo-Moreno P, Navarro-
Vergara PF, García-Revillo J. Efficacy of Paclitaxel Balloon for Hemodialysis Stenosis Fistulae After 
One Year Compared to High-Pressure Balloons: A Controlled, Multicenter, Randomized Trial. 
CardioVascular and Interventional Radiology. 2020;43(3):382-90. 
52. Björkman P, Weselius EM, Kokkonen T, Rauta V, Albäck A, Venermo M. Drug-Coated Versus 
Plain Balloon Angioplasty In Arteriovenous Fistulas: A Randomized, Controlled Study With 1-Year 
Follow-Up (The Drecorest Ii-Study). Scand J Surg. 2019;108(1):61-6. 
53. Roosen LJ, Karamermer Y, Vos JA, De Jong GM, Bos WJ, Elgersma OE. Paclitaxel-coated 
balloons do not prevent recurrent stenosis in hemodialysis access fistulae: Results of a randomized 
clinical trial. Italian Journal of Vascular and Endovascular Surgery. 2017;24(2):35-40. 

https://uporto-my.sharepoint.com/personal/up201706886_up_pt/Documents/Tese/Tese_SofiaPazDias/www.training.cochrane.org/handbook


 29 

54. Portugaller RH, Kalmar PI, Deutschmann H. The eternal tale of dialysis access vessels and 
restenosis: are drug-eluting balloons the solution? J Vasc Access. 2014;15(6):439-47. 
55. Katsanos K, Spiliopoulos S, Paraskevopoulos I, Diamantopoulos A, Karnabatidis D. 
Systematic review and meta-analysis of randomized controlled trials of paclitaxel-coated balloon 
angioplasty in the femoropopliteal arteries: role of paclitaxel dose and bioavailability. Journal of 
Endovascular Therapy. 2016;23(2):356-70. 
56. Manou-Stathopoulou S, Robinson EJ, Harvey JJ, Karunanithy N, Calder F, Robson MG. 
Factors associated with outcome after successful radiological intervention in arteriovenous fistulas: 
A retrospective cohort. The Journal of Vascular Access. 2019;20(6):716-24. 
57. Trerotola SO, Roy-Chaudhury P, Saad TF. Drug-Coated Balloon Angioplasty in Failing 
Arteriovenous Fistulas: More Data, Less Clarity. American Journal of Kidney Diseases. 
2021;78(1):13-5. 
58. Marzullo R, Aprile A, Biondi-Zoccai G, Politi L, Leuzzi C, Sangiorgi G. Drug-eluting balloon 
technology. Cardiac Interventions Today. 2011;4:40-9. 
59. Katsanos K, Spiliopoulos S, Kitrou P, Krokidis M, Karnabatidis D. Risk of death following 
application of paclitaxel-coated balloons and stents in the femoropopliteal artery of the leg: a 
systematic review and meta-analysis of randomized controlled trials. Journal of the American Heart 
Association. 2018;7(24):e011245. 
60. Treatment of Peripheral Arterial Disease with Paclitaxel-Coated Balloons and Paclitaxel-
Eluting Stents Potentially Associated with Increased Mortality [press release]. 2019. 
61. Dinh K, Limmer AM, Paravastu SCV, et al. Mortality After Paclitaxel-Coated Device Use in 
Dialysis Access: A Systematic Review and Meta-Analysis. Journal of Endovascular Therapy. 
2019;26(5):600-12. 
62. Paclitaxel-Coated Devices to Treat Peripheral Arterial Disease Unlikely to Increase Risk of 
Mortality - Letter to Health Care Providers [press release]. 2023. 
63. Pietzsch JB, Geisler BP, Manda B, et al. IN.PACT AV Access Trial: Economic Evaluation of 
Drug-Coated Balloon Treatment for Dysfunctional Arteriovenous Fistulae Based on 12-Month 
Clinical Outcomes. Journal of Vascular and Interventional Radiology. 2022;33(8):895-902.e4. 
 
 





 

  



 

 
  



 

 
 
 

IN
STITU

TO
 D

E C
IÊ

N
C

IA
S B

IO
M

ÉD
IC

A
S A

B
E

L SA
LA

Z
A

R
 

 


		2024-06-01T19:41:26+0100




