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Rupture, Breakdown, and Pulmonary Artery Embolism
of a Balloon Catheter Tip during Percutaneous
Transluminal Angioplasty of Arteriovenous Fistula
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Percutaneous transluminal angioplasty is a well-known treatment for arteriove-
nous fistula stenosis. Balloon rupture during endovascular procedures is a rare
but possible complication. The bursting balloon itself does not cause a serious
problem, but it can occasionally cause entrapment, especially in case of breakdown
of the balloon catheter tip. Here, we present four cases of balloon rupture during
angioplasty in the hemodialysis circuit. In three cases, the ruptured balloon cath-
eter was removed by cutdown of access conduit, while in one case, tip of ruptured
balloon catheter was migrated into the pulmonary artery and was removed surgi-
cally. The operator must attempt to reduce the risk of balloon rupture by gradually
expanding the balloons under bursting pressure. If the balloon bursts, it should
not be removed excessively and attempt should be made to remove it using endo-
vascular techniques. Surgical removal is considered after careful evaluation of the
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condition of the balloon and vessel.
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INTRODUCTION

Percutaneous transluminal angioplasty (PTA) is usu-
ally used in the treatment of arteriovenous fistula (AVF)
stenosis [1-7]. Several studies revealed that intractable inti-
mal stenosis failed to be resolved by conventional balloon
angioplasty and accounted for 16.2% of patients with AVF
dysfunction [2]. Sometimes, the balloon catheter ruptures,
with an incidence rate of 3.6% to 10% of all balloon an-
gioplasty cases [8]. Most cases of balloon rupture do not
cause complications. However, retrieval is difficult from the
introducer sheath with size discrepancy in some cases [3,4,8].
Occasionally, it is possible that the embolized balloon frag-
ments enter the flow in any vessel, and immediate and
careful retrieval is required, but the most effective method
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of retrieval has not been established [8]. We describe four
cases of balloon rupture during angioplasty in the hemo-
dialysis circuit, in which three ruptured balloons were re-
moved by cutdown of access conduit. However, in another
case, the catheter was separated from the balloon, which
became an embolic material and migrated into the pulmo-
nary artery and was removed surgically from the pulmonary
artery. This study aimed to present various cases of balloon
rupture and consider the safe removal of ruptured balloons
in unexpected situations. This study was approved by the
Institutional Review Board of Chonbuk National University
Hospital (2019-08041).
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CASE
1) Case 1

A 51-year-old man with systemic lupus erythematosus,
hypertension, and stroke had left upper arm arteriove-
nous graft (AVG) dysfunction. The left upper arm AVG
was placed 2 years ago in the brachial artery and axillary
vein using a 6-mm polytetrafluoroethylene (PTFE) graft.
He underwent balloon angioplasty of the left AVG four
times during 2 years. We inserted a 6-Fr sheath into the
right femoral vein and confirmed severe stenosis of venous
anastomotic site and central vein through conventional
venography. A 7 mmx15 c¢m balloon catheter (EverCross,
EV3; Medtronic, Minneapolis, MN, USA) was used in PTA.
While expanding the balloon to burst pressure (12 mm Hg)
for 3 minutes in the tight stenotic venous anastomotic site,
the balloon ruptured. Although we attempted to remove
the ruptured balloon through the femoral sheath, the tip of
the balloon catheter was jammed and fell apart via the right
femoral approach site. The migrated tip was stuck at the
left upper interlobar pulmonary artery (Fig. 1A, B). Initially,
we removed the remaining balloon catheter by cutdown of
the femoral vein. Subsequently, we selected the left main
pulmonary artery using bent-tip angiocatheters (such as
Omniflush, Headhunter, and Newton types) with guidewire
passage and attempted to recapture the ruptured balloon
catheter tip using a gooseneck snare. Despite several trials,
the balloon tip was buried deeper into the left main pulmo-
nary artery. We decided to remove the balloon tip from the
pulmonary artery by open thoracotomy because the patient
had complained of mild dyspnea and anxiety. Lateral tho-
racotomy was performed by the thoracic surgeon to remove
the embolized balloon tip (Fig. 1C, D). He was discharged

without other complications after 7 days. A new AVG was
inserted in the right arm after 2 months.

2) Case 2

An 83-year-old man with diabetes mellitus and hyper-
tension was admitted for dialysis circuit dysfunction. The
left upper arm AVF was created 5 years ago in the brachial
artery and transposed basilic vein. He had a history of myo-
cardial infarction with triple-vessel disease, colorectal can-
cer, and multiple PTAs on the left AVF. We inserted a 6-Fr
sheath into the femoral vein to access the conduit because
one puncture allows the performance of PTA on both the
artery and vein from the juxta-anastomotic site to the cen-
tral vein. Conventional venography revealed multiple severe
stenoses from juxta-anastomotic site to the central vein.
A 5 mmx8 cm balloon catheter (EverCross, EV3) was used
in PTA at the juxta-anastomotic site, 6 mmx8 cm balloon
catheter at the transposed basilic vein, and 9 mmx8 cm
balloon catheter at the central vein. Applying burst pres-
sure (12 mm Hg) in severe stenotic lesion of the basilic vein
for 3 minutes, the 6 mmx8 cm balloon catheter ruptured
(Fig. 2A, B). Despite continued attempts, the ruptured bal-
loon was not removed using a femoral sheath but clumped
and jammed to the sheath. We performed cutdown of the
right femoral vein and removed the lump together with
the sheath and rupture balloon (Fig. 2C). The patient was
discharged after 2 days without other complications. A new
AVG was inserted in the right arm after 1 month.

3) Case 3

An 89-year-old woman with hypertension had left AVG
dysfunction with thrombotic occlusion. The left upper arm

Fig. 1. A 51-year-old man underwent with angioplasty of arteriovenous fistula. (A) The tip of the ruptured balloon catheter
was located in the left upper pulmonary artery in venography. (B) Chest computed tomography showed migrated ruptured
balloon catheter tip in the left upper pulmonary artery. (C) Open thoracotomy showed ruptured balloon catheter. (D) The
removed ruptured balloon catheter looked like ripe peppers (white arrow, ruptured balloon tip).
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Fig. 2. An 83-year-old man underwent angioplasty of arteriovenous fistula stenosis. (A) Percutaneous transluminal angio-
plasty using a 6 mmx8 cm balloon catheter was performed for transposed basilic vein stenosis. (B) The flap condensed af-
ter the first removal attempt. (C) The removed ruptured balloon catheter looked like a rose on a condensed balloon tip (black
arrow, waist of the balloon in the stenotic basilic vein; white arrow, ruptured balloon tip).

AVG was placed 4 years ago in the brachial artery and axil-
lary vein using a 6-mm PTFE graft. He had a history of
cervical and breast cancer and PTA of the left AVE. We per-
formed cutdown of the midportion of the AVG conduit and
thrombectomy using 5.5-Fr catheter (Fogarty clot manage-
ment catheter; Edwards Lifesciences, Tokyo, Japan). After
thrombectomy, a 7-Fr introducer sheath was inserted, and
PTA was performed using a 7 mmx15 c¢cm balloon catheter
(Mustang; Boston Scientific, Marlborough, MA, USA). The
balloon catheter ruptured at the burst pressure of 20 mm
Hg in the severe stenotic lesion of the juxtavenous anas-
tomotic site (Fig. 3). We completely removed the ruptured
balloon without complications through the thrombectomy
incision.

4) Case 4

A 46-year-old woman with diabetes mellitus and hyper-
tension had dialysis conduit dysfunction. The left upper
arm AVF was created 8 years ago in the brachial artery and
cephalic vein in another hospital. Ultrasonography revealed
severe stenosis of the cephalic arch with normal dilation
of the left upper arm dialysis conduit. We inserted a 6-Fr
sheath into the midportion of the upper arm cephalic vein.
Venography revealed severe stenosis of the cephalic arch.
After guidewire passage through the stenotic lesion, PTA
was performed using 6 mmx8 cm and 10 mmx10 cm bal-
loon catheters (Fortrex; Plymouth, MN, USA). Before ap-
plying burst pressure (20 mm Hg), the balloon catheter
ruptured with partial vein tearing. We performed 2-cm ve-
notomy of the puncture site and immediately removed the
ruptured balloon catheter (Fig. 4A). Subsequently, 8-mm
balloon tamponade in the cephalic arch was performed for
10 minutes. After confirming hemostasis of the cephalic
arch with venography, we closed the venotomy site (Fig.
4B). The patient was admitted for 7 days because of left
chest wall swelling and mild hematoma.
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Fig. 3. An 89-year-old woman underwent angioplasty for
stenosis of arteriovenous graft. Removal of the ruptured
balloon catheter was performed with open venotomy.

DISCUSSION

Angioplasty is currently the general procedure for treat-
ment of immature and dysfunctional AVF or AVG [1]. There
are three approaches of access for angioplasty of AVG and
AVEF: femoral vein, direct dialysis conduit, and jugular vein.
In case 1 and 2, we used the femoral vein to access the
dialysis conduit because one puncture allows the perfor-
mance of PTA on both the artery and vein from the juxta-
anastomotic site to the central vein without dialysis conduit
access. The advantages of the transfemoral approach are
as follows [6]: 1) Through a single access, multiple lesions
along the dialysis circuit can be treated. 2) Since crossing
sheaths are not within the outflow vein, the thrombus tends
to be much easier to clear. 3) Operators’ hands are never
within the fluoroscopic field. 4) Potential complications,
such as direct puncture site hematoma secondary to access
into a high-flow system and failure of purse-string stitches,
are also prevented. However, this approach cannot be used
for all AVFs or AVGs because the retrograde approach may
be difficult due to the valve and anatomical variations
along with angulation. Therefore, it can be selectively ap-
plied to appropriate lesions or additionally used when direct
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Fig. 4. A 46-year-old woman underwent angioplasty for stenosis of arteriovenous fistula. Removal of ruptured balloon
catheter (A) was performed with open venotomy (B) (white arrow, venotomy site).

access is difficult in approximating central vein stenosis.

Various balloon catheters, such as cutting, high-pressure,
drug-coated, and high-technology balloon catheters, have
been developed because of the lesion’s high resistance to
conventional balloon dilation [2]. However, these different
types of balloon catheters always present a risk of rupture
depending on the condition of the balloon or severity of
the target vessels, which can cause serious sequelae. There
are several studies on the mechanism of balloon rupture.
Some studies reported that balloon catheters were able to
withstand pressures that exceeded the rated burst pressure
[8,9]. However, a recent study revealed that rupture can
occur within the recommended burst pressure [3]. Because
the prediction of balloon rupture is extremely difficult, op-
erators should try to reduce the risk of balloon rupture by
gradually expanding the balloons or passing an angiogra-
phy catheter through the narrow segment for dilation (Dot-
ter method) [8].

The ruptured balloon can cause target vessel injury or
entrapment depending on the pattern of breakdown. The
balloon is designed to rupture in a longitudinal orientation
[8]. However, in balloons with circumferential tears and in
cases of complete detachment of balloons from the shaft,
withdrawal is difficult, and there is a risk of balloon frag-
ment dissemination and embolization [10]. Entrapment of
devices occurs most often in tortuous, angulated, or calci-
fied lesions with sharp edges [4]. Some factors leading to
entrapment have been reported, such as the lack of backup
support of guiding catheters, use of relatively weaker wire,
incomplete predilation, and stiffer or longer stents [4,5,11].
Moreover, using larger balloons initially to reduce cost is
better than gradually enlarging the balloons, as that in-
creases the risk of balloon rupture [8].

The theory of balloon jamming process reveals that
the ruptured balloon catheter will be jammed into the in-
troducer sheath (Fig. 5). Normally, the balloon catheter is
placed at the stenotic lesion of the AVF or AVG through a

Fig. 5. Balloon catheter jamming process. (A) Normally, the
balloon catheter is placed at the stenotic lesion of the ar-
teriovenous fistula through a guidewire. (B) The ruptured
balloon forms into the flaps of the membrane. (C) The
protruded flap is jammed into the orifice of the sheath. (D)
Retraction of the catheter leads to condensation. (E) The tip
of the balloon catheter falls apart.

guidewire. When the balloon is inflated to nominal or burst
pressure and ruptures, it forms into the flaps of membrane.
The protruded flap is jammed into the orifice of the sheath
during the removal process, and retraction of the catheter
leads to condensation. Eventually, the tip of the balloon
catheter falls apart. Since these can seriously affect the
safety of patients, excessive attempts to remove it after
rupture should be avoided. If the balloon is not removed
through the sheath, the safest method is to cutdown the
access vessel and remove the ruptured balloon rather than
forcing to remove it.

Several studies reported on the methods of retrieval of
rupture balloon. Murata et al. [8] suggested the endovas-
cular retrieval method using additional distal access and
gooseneck snare in circumferential tearing and divided it
into two parts, such as that in case 1. The “pull-through
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technique” is used to extract the balloon fragment, and
the cobra-head catheter is used as a “pusher” to push the
umbrella-like fragment away from the sheath. Using this
technique, it is possible to retrieve all residual fragments of
the balloon and continue to perform PTA. Chang et al. [4]
presented another method using a deeply engaged guiding
catheter to the distal vessel including the ruptured balloon
in the coronary intervention. However, with this method,
the patient may be at risk for dissection of, or even perfora-
tion of, the proximal vessels. With deep intubation, large
arteries with minimal tortuosity of the proximal part are
crucial, and the patient must be carefully evaluated. Most
endovascular approaches need a bidirectional through-and-
through technique (by additional femoral or jugular vein
access) to push into a large sheath using several curved
catheters, rather than pull on excessively separated areas
[4,8]. Sometimes, surgical removal is required because
attempts of removal using the endovascular technique
adversely affect patient safety and result in vessel injury
[3,4,8,9]. In case 1, the attempt to remove the ruptured
balloon tip cause it to be buried deeper into the left main
pulmonary artery, requiring the patient to undergo open
thoracotomy. Given many factors, the following methods
are recommended: 1f the patient’s condition permits, endo-
vascular retrieval should be attempted. However, if the pa-
tient’s condition is unstable and vascular access is difficult,
a fast surgical approach is required.

Therefore, ruptured balloons do not cause complications
in most cases but can lead to entrapment that requires
surgical intervention. Most importantly, operators should
attempt to reduce the risk of balloon rupture by gradually
expanding the balloons under burst pressure or passing an
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angiography catheter through the narrow segment for dila-
tion. If the balloon bursts, it should not be removed exces-
sively and attempt should be made to remove it using an
endovascular technique. Surgical removal is always consid-
ered after careful evaluation of the patency and condition
of the balloon and vessel.
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