
Novel technique for arteriovenous fistula stenosis 
using a nitinol-caged balloon: a case report
Rosa Federico, MDa, Salvatore Bruno, MDa, Ettore Dinoto, MDa,b,*, Edoardo Rodriquenz, MDa, 
Felice Pecoraro, MDa,b, Domenico Mirabella, MDa 

Introduction and Importance: End-stage renal disease patients rely heavily on arteriovenous fistulas (AVFs) for hemodialysis 
access, but vascular access-related complications such as stenosis frequently compromise long-term patency. Percutaneous 
transluminal angioplasty (PTA) remains the primary intervention, yet resistant lesions pose significant clinical challenges.
Case Presentation: This case report describes the use off-label of a nitinol-caged balloon (NCB) for treating refractory AVF 
stenosis that remains unresponsive to standard high-pressure angioplasty. An 85-year-old patient with a juxta-anastomotic 
stenosis underwent initial balloon dilation with conventional and drug-eluting balloons, which failed to achieve sustained patency. 
Subsequently, the NCB was employed, providing uniform and controlled expansion while minimizing vascular trauma. The 
procedure successfully resolved the stenosis, with the patient maintaining long-term fistula patency at 1-year follow-up and no 
complications.
Clinical Discussion: The patency of an AVF is vital for dialysis patients, but stenosis and occlusion are common complications 
often caused by neointimal hyperplasia. Standard balloon angioplasty is the first-line treatment; however, resistant cases may 
benefit from high-pressure or ultra-high-pressure balloons. The NCB device has shown promise for refractory stenosis.
Conclusion: These findings suggest that the NCB may offer a promising alternative for managing resistant AVF stenosis, 
potentially reducing restenosis rates and preserving vascular access. Further studies are warranted to validate its efficacy and 
safety in larger patient cohorts.
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Introduction

Worldwide, approximately 2 million people undergo dialysis for 
end-stage renal disease. Autologous arteriovenous fistula (AVF) 
is the preferred vascular access for hemodialysis due to its super
ior patency rates and lower risk of infection compared to arter
iovenous grafts and central venous catheters[1,2]. A common 
approach to treating AVF stenosis is to perform a secondary 
procedure to restore the fistula[3,4]. Advances in medicine have 
led to the widespread use of percutaneous transluminal angio
plasty (PTA) as the primary treatment for AVF stenosis[5]. High- 
pressure PTA is considered the first-line intervention[6]. 
However, some studies indicate that PTA is associated with 

a high rate of restenosis, primarily due to neointimal hyperpla
sia, which is the main pathophysiological mechanism underlying 
vascular restenosis after PTA[7]. Juxta-anastomotic lesions, in 
particular, are uniquely resistant to angioplasty due to 
a combination of factors, including pronounced fibrosis, ele
vated wall shear stress at the anastomosis, and repeated punc
ture trauma in this segment, which collectively promote 
aggressive vascular remodeling and limit vessel compliance[8]. 
This resistance contributes to the high rates of restenosis 
observed in this critical region and challenges long-term 
patency[9]. Recently, innovative devices such as the nitinol- 
caged balloon (NCB) have shown promising results. Approved 
for balloon dilation of lesions in peripheral vascular segments, 
including the iliac, femoral, popliteal, infra-popliteal, and renal 
arteries, this device has also been used, based on our experience, 
to treat AVF lesions due to its unique design. The NCB offers 
predictable, uniform, and atraumatic expansion, minimizing 
issues such as dog-boning and overinflation, thereby reducing 
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the risk of dissections and decreasing the need for bailout 
stenting[10]. In this report, we present a novel application of the 
NCB to successfully treat refractory AVF stenosis that pre
viously resisted high-pressure dilation with standard peripheral 
angioplasty balloons. This intervention resulted in long-term 
patency with minimal complications.

This work has been written in accordance with the SCARE 
criteria[11].

Case presentation

An 85-year-old male patient was diagnosed with stage 5 chronic 
kidney disease. His medical history includes hypertension, intersti
tial lung disease, chronic cerebrovascular disease, and type 2 dia
betes mellitus. He has been undergoing dialysis via an external 
CVC for 2 months. In March 2024, an autologous brachiocephalic 
AVF was created in the left forearm in our hospital for dialysis 
access. After 2 months, the patient was readmitted due to decreased 
flow volume during dialysis of the left forearm AVF and absence of 
thrill. Preoperative ultrasonography revealed a significant juxta- 
anastomotic stenosis measuring 3 mm in diameter and 4 cm in 
length, characterized by the absence of arterialized flow in the 
efferent vein. No thrombosis or calcification was observed. After 
the discussion, our team decided to perform an angioplasty on the 
left forearm AVF. Informed consent was obtained before the pro
cedure. After local anesthesia with lidocaine, left trans-radial access 
with a 5-Fr vascular introducer sheath was secured. After systemic 
heparinization with 2500 IU, an angiogram of the fistula was 
performed, revealing a tight stenosis of the vein immediately 
beyond the anastomosis (Fig. 1). The lesion was crossed with 
a 0.014 guidewire. Predilatation was performed using plain old 
balloon angioplsty (POBA) (3 × 120 mm) inflated at nominal 
pressure for 2 min (Fig. 2). During the next step, angioplasty was 
performed using a drug eluting balloon (DEB) 6 × 60 mm PTA 
balloon, inflated to 8 atm for 3 min (Fig. 3). The control angiogram 

showed residual perianastomotic stenosis of 50% (Fig. 4). Given 
this situation, the safest approach to minimize the risk of endothe
lial rupture, dissection or postoperative neointimal hyperplasia was 
to use a NCB (Chocolate 6 × 80 mm PTA balloon – Medtronic, 
Minneapolis, Minnesota) (Fig. 5). The balloon was progressively 
inflated at nominal pressure for at least 3 min, resulting in a crack in 
the fibrotic segment. Final angiogram showed the resolution of the 
stenosis, improved flow in the efferent vein, and the reappearance 
of a thrill over the AVF (Fig. 6). The vascular sheaths were 
removed, and hemostasis was achieved by manual compression. 
The patient was discharged 2 days after with successful dialysis 

Figure 1. Digital subtraction angiography showing stenosis at the origin of the 
efferent vein.

Figure 2. Predilatation with plain old balloon angioplsty.

Figure 3. PTA with DEB.
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sessions via his AVF and no reported postoperative complications, 
such as thrombosis, heart failure, pseudoaneurysm, infection, or 
hemodialysis access-induced distal ischemia syndrome. At the 
1-year follow-up, the fistula remained patent with normal function, 
without hemodynamically significant restenosis or significant 
increase in neointimal thickness, and there were no dialysis-related 
complications.

Discussion

As the duration of AVF use increases, the incidence of vascular 
access-related complications, such as AVF stenosis and occlusion, 
also rises significantly. Common issues include failure to mature, 
stenosis development, and thrombosis, all of which are frequent 
problems associated with arteriovenous access[11,12]. Several stu
dies have shown that AVF patency rates are generally around 60– 
65% at 1 year post-operation, with a 2-year patency rate ranging 
from 38 to 56%[13,14]. The patency of AVFs is crucial for survival 
and quality of life in the dialysis population. Maintaining AVF 
patency is essential for patient survival and quality of life. Primary 
failure often results from juxta-anastomotic stenosis, the most 
common site of narrowing or occlusion[7,15–17]. The anastomosis 
of an AVF can become stenotic due to various factors, with 
neointimal hyperplasia being the most common[18]. The wall 
stress in this region promotes vascular remodeling, which can 
also occur in areas subjected to multiple punctures[19]. PTA 
remains the recommended first-line treatment for AVF stenosis 
according to updated Kidney Disease Outcomes Quality Initiative 
guidelines[20]. Techniques include standard or high-pressure bal
loons, drug-coated balloons such as paclitaxel, cutting balloons, 
stenting, and surgery[10,21,22]. According to these guidelines, tech
nical success is defined as achieving a residual stenosis of ≤30%, 
while clinical success refers to the restoration of adequate access 
function without the need for additional intervention. Common 
PTA techniques include standard or high-pressure balloons, DEB, 
cutting balloons, as well as adjunctive therapies such as stenting 
or surgical revision when necessary. Outcome reporting should 
differentiate between target-lesion primary patency, the freedom 
from restenosis or reintervention at the treated site and access- 
circuit patency, which reflects the overall functionality of the 
entire vascular access[20,23]. High- and ultra-high-pressure PTA 
achieve technical success rates of 90–95%, outperforming stan
dard balloons (70–80%)[24,25]. Precise control of inflation 

Figure 4. Digital subtraction angiography showing residual stenosis. Figure 6. Final digital subtraction angiography showing resolution of the 
stenosis.

Figure 5. Nitinol-constrained balloon PTA.
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pressure is crucial to avoid elastic recoil or vessel injury, both of 
which contribute to restenosis[26]. However, about 20% of ste
noses prove resistant to standard PTA due to fibrosis, necessitat
ing alternative approaches. Repeat PTA or bare-metal stenting 
often yields limited long-term success. In recent years, DEBs, 
particularly those coated with paclitaxel, have shown superiority 
over plain old POBA in maintaining AVF patency, as demon
strated by randomized controlled trials such as the IN.PACT AV 
study, which reported significantly improved target lesion pri
mary patency at 6 months[27]. DEBs reduce neointimal hyperpla
sia by delivering antiproliferative agents locally, thus addressing 
one of the main mechanisms of restenosis. Cutting and scoring 
balloons represent another strategy for resistant lesions, providing 
controlled plaque modification through microblades or scoring 
elements that facilitate vessel dilation while minimizing trauma 
and reducing elastic recoil[28,29]. These devices have shown pro
mise in resistant or fibrocalcific lesions but may increase the risk 
of vessel injury and require careful technique. Compared to cut
ting/scoring balloons and DEBs, the NCB offers a unique mechan
ical advantage by uniformly distributing radial forces and 
minimizing “dog-boning” and vessel trauma through its con
straining nitinol cage. While the NCB does not deliver pharma
cologic therapy, its ability to achieve controlled expansion may 
complement or serve as an alternative to existing modalities, 
especially in lesions refractory to conventional PTA. Although 
the benefits of the NCB are well documented in peripheral arterial 
interventions, high-quality comparative data evaluating NCBs 
against other specialized balloons in the AVF setting remain 
limited, highlighting the need for further research[30,31]. The 
need to post-dilate resistant stenoses, those unresponsive to initial 
PTA, to reduce the risk of lesions requiring stenting or surgical 
repair has led us to consider a tool already widely used in periph
eral vessel preparation: the NCB. This device features a nitinol 
constraining structure that allows uniform and controlled infla
tion and rapid deflation. The retaining structure creates “balloon 
pillows” and grooves designed to limit balloon elongation during 
angioplasty and reduce radial stress on vessel walls, thereby mini
mizing vessel damage[24]. Given its proven effectiveness in periph
eral arterial interventions, we hypothesized that the NCB could be 
a valuable option for treating AVF restenosis or refractory steno
sis, as it provides uniform expansion and nearly eliminates “dog- 
boning” phenomena. Although the NCB has proven effective in 
managing restenosis in peripheral arterial disease, evidence sup
porting its use for refractory stenosis in AVF patients is limited, 
and its application in this context remains off-label. Several recent 
studies have explored the use of the NCB in the treatment of 
stenoses of AVFs. Additionally, using the NCB as a first-line 
device in tight “hourglass” stenoses may be more cost-effective 
than sequentially employing multiple peripheral balloons, redu
cing procedure time and resource use. In this case report, we 
successfully performed AVF PTA using an NCB to treat resistant 
stenosis after standard balloon angioplasty failed, achieving long- 
term patency. This approach reduces the number of balloons 
required, saves time and resources, and should be considered 
a viable treatment alternative.

Conclusions

In conclusion, the NCB achieved both technical and clinical 
success in treating refractory stenosis of AVF at the juxta- 

anastomotic site of fistulas. Its structure reduces trauma to 
the endothelium of the vascular wall, lowering the risk of 
dissection or neointimal hyperplasia, and was associated with 
no adverse events and long-term patency. This approach is 
an effective method to preserve limited vascular resources. It 
could become a future tool for PTA in dialysis fistulas, 
providing a viable alternative for managing challenging 
lesions. Further studies involving larger patient populations 
are necessary to optimize this interventional technique and 
improve outcomes for patients with refractory AVF stenosis. 
Randomized controlled trials are needed to establish its com
parative effectiveness and to define its role within current 
treatment algorithms.
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