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Purpose This study aims to evaluate the incidence and management of venous ruptures
after percutaneous transluminal angioplasty (PTA) for dysfunctional arteriovenous (AV) ac-
cess.

Materials and Methods From January 1998 to December 2015, 13506 PTA, mechanical
thrombectomy, and thrombolysis procedures were performed in 6732 patients. The venous
rupture rate following PTA was obtained, and access circuit primary patency (ACPP) was
compared according to the etiology (PTA, thrombotic occlusion, and treatment type) of the
venous rupture present.

Results Venous rupture developed in 604 of the 13506 procedures. Venous ruptures were
more frequent in female, AV graft cases, and in cases accompanied by thrombosis. Balloon
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tamponade was performed in 604 rupture cases, and stents were deployed in 119 cases where con-
trast extravasation and flow stasis persisted. ACPP was significantly better in the non-ruptured AV ac-
cess circuits than in the ruptured group. However, AV access type and thrombosis was not associated
with primary patency. In ruptured cases, ACPP is 8.4 months for prolonged balloon tamponade and
11.2 months for bare-metal stent insertion, showing statistically significant difference.

Conclusion Balloon tamponade and bare-metal stent placement are effective treatment for PTA-in-
duced venous ruptures. In particular, stent placement showed a similar ACPP to that of non-ruptured
AV access circuits.

Index terms Hemodialysis Access; Percutaneous Transluminal Angioplasty; Prevalence; Patency

INTRODUCTION

Venous rupture is a common complication of percutaneous transluminal angioplasty (PTA)
for the treatment of arteriovenous (AV) access stenosis and thrombosis. PTA-related venous
rupture has been reported to occur in 1.7%-14.9% of cases (1-7). Manual compression or bal-
loon tamponade is initially attempted for venous rupture treatment and bare-metal stent is
used if contrast extravasation with venous stasis continues afterwards (1, 2, 4-9). Some recent
studies have used stent grafts to treat venous rupture (10). Balloon tamponade is a widely
used method for treating PTA-induced venous rupture; however, published data determining
the effectiveness of this procedure are lacking. Furthermore, in many cases, stent installation
is done for reasons other than the failure of tamponade. Therefore, the factors causing pri-
mary patency after balloon tamponade remain unclear (1, 5-7, 11).

Herein, the venous rupture rates following PTA were evaluated in a relatively large number
of patients, and access circuit primary patency (ACPP) was calculated according to the per-
sistence of rupture following PTA depending on the types of treatment offered after rupture

(Balloon tamponade vs. bare metal stent installation).

MATERIALS AND METHODS

PATIENT POPULATION

This retrospective study was approved by the Institutional Review Board, and the require-
ment for informed consent was waived (IRB No. SCHGM 2017-14).

In this study, 13506 procedures of dysfunctional AV access in 6732 patients excluding cen-
tral vein stenosis and occlusion were consecutively included from January 1998 to December
2015. There were 3047 male (45%) and 3685 female (55%) patients (mean age: 58.6 years, stan-
dard deviation: 5.57). Their baseline characteristics are presented in Table 1. Of the 13506
procedures, 5875 (43.5%) were indicated for native AV fistulas, and 7631 (56.5%) were for
prosthetic AV grafts. Stenosis was identified in 9797 cases (72.5%), and thrombotic occlusion
was present in 3709 cases (27.5%). Treatment methods included simple PTA (n = 9782), PTA
with mechanical thrombectomy (n = 3617), and catheter-directed thrombolysis using uroki-

nase (n = 107). Graft-to-vein anastomosis was the most common stenotic site (49.4%), fol-
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Characteristic

Patients

Male/female

Age (years)

Hemodialysis duration (years)
Vascular access age (months)
Cause of chronic renal failure
Diabetes mellitus
Hypertension
Glomerulonephritis

Others

Arteriovenous fistula/arteriovenous graft
Right/left

6732
3407 (45.3)/3685 (54.7)
58.60 = 12.84
6.12 + 557
3432+39.35

2904 (46)
1750 (26)
147 (2.2)
1931 (25.8)
3509 (52.1)/3223 (47
1592 (23.6)/5140 (47

.9)
.9)

Data are presented as mean = standard deviation or n (%).

Table 2. Location of Stenosis

Location

n (%)

Artery

Arterial anastomosis
Venous anastomosis
Swing point

Distal cephalic vein
Proximal cephalic vein
Cephalic arch

Basilic vein

Brachial vein

Femoral vein
Intragraft

Vein to vein anastomosis
Cubital vein

Others

329 (2.4)
6670 (49.
1252 (9.3)
1732 (12.

825 (6.1)

481 (3.6)

587 (4.3)

148 (1.1)
5(0.0)
4.6)
5.3)
0.6)
0.3)

5(
615 (
710 (

77 (

36 (

4)

8)

lowed by the distal cephalic vein (12.8%) and swing point of AV (Table 2).

TECHNIQUES

Physical examinations and Doppler US were performed to confirm the presence of throm-

bosis. In the absence of a thrombus, the location and extent of stenosis was assessed using

diagnostic fistulography. PTA was performed when > 50% stenosis was observed on the fistu-

lography. We used 6-8 Fr sheaths to correspond to the balloon catheter (Boston, Marlborough,
MA, USA) size, which was 10%-20% larger than the adjacent normal vein. The length of the

balloon was between 2-8 cm, averaging 4 cm. A wire was placed in the stenotic portion and

the balloon catheter was slowly inflated using an inflation device until the waist disappeared.

The balloon inflation pressure was usually 15-25 atm and the inflation time was 60 s. To con-

748

jksronline.org



JOURNAL of

THE KOREAN SOCIETY of

J Korean Soc Radiol 2024;85(4):746-753 RADIOLOGY

firm recoil or rupture after PTA, a guidewire was left in the lesion and an angiogram was ob-
tained. If calcified intimal hyperplasia and elastic recoil lesions did not respond to PTA, a
high-pressure balloon (Boston) was applied at a rate (> 30 atm) for 2-3 minutes of inflation.
Occasionally, cutting balloons (Boston) were used when high-pressure balloons were ineffec-

tive; all cutting balloons were 1 mm smaller than the previously inflated balloons.

THROMBECTOMY AND THROMBOLYSIS

No diagnostic fistulography was performed for thrombosed access. Physical examination
and Doppler US were used to confirm the location and extent of the thrombus, and a throm-
botic graft or fistula was punctured using a micropuncture set (Cook, Bloomington, IN, USA).
The apex puncture technique was used for thrombotic U graft and the cross-catheter tech-
nique was used for straight grafts and fistulas. In most patients, aspiration thrombectomy
was performed using a Desilets-Hoffman sheath (Cook), while urokinase thrombolysis was
done in cases of thrombotic occlusion of graft. Aspiration thrombectomy was performed as
follows: first, a thrombotic graft or fistula was punctured using a micropuncture set and the
Desilets-Hoffman sheath was advanced into the venous limb or draining vein. A 10-mL sy-
ringe was then connected to the rear end of the sheath, and the Desilets-Hoffman sheath was
slowly withdrawn by thromboaspiration with constant manual suction. After injecting a
small amount of contrast agent, the sheath was moved back and forth to aspirate the throm-
bi in the graft or vein; this was repeated several times. Aspiration was repeated until the
thrombus could no longer be aspirated, and angioplasty was performed on the remaining
stenosis of the outflow vein. Arterial limb or vein thrombus adjacent to the anastomotic site
was removed in the same manner. After aspiration thrombectomy, a residual arterial plug or
adherent thrombus was pulled back into the graft or vein using a 5-F fogarty balloon catheter
(Baxter, Santa Ana, CA, USA) and crushed using an angioplasty balloon. Routinely, 5000 IU of
heparin was administered prior to thrombotic access. Urokinase thrombolysis was per-
formed using urokinase 100000 U and heparin 5000 U. The remaining thrombus was subject-

ed to aspiration thrombectomy, and PTA was performed for outflow stenosis.

TREATMENT OF VENOUS RUPTURE AFTER PTA

Venous rupture was defined as contrast extravasation causing flow stasis of AV access at
the balloon angioplasty area during fistulography. If a venous rupture was detected, the bal-
loon is re-inserted at the rupture site and inflated at low pressure for 3-5 minutes. If contrast
extravasation and flow disturbance remained despite prolonged balloon tamponade, a bare-
metal stent was placed. Size of bare-metal stent was determined based on size of balloon

catheter.

DEFINITION AND STATISTICAL ANALYSIS

ACPP was defined as the interval between index intervention until one of the following
events: access thrombosis, or any intervention to maintain or reestablish patency, according
to the reporting standards and quality improvement guidelines of the Society of Interven-
tional Radiology (12). Primary patency was compared and analyzed according to AV access

type (i.e., graft or fistula), presence of thrombus, and treatment type (i.e., stent or balloon
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tamponade). The primary patency in the AV graft vs. AV fistula groups, presence or not of a
thrombus, and treatment type were also determined when a rupture was present. The X? test
was used to analyze differences between categorical variables for rupture occurrence. Ka-
plan-Meier survival analysis was used to evaluate access patency. The Log-rank test was used
to compare patency between variables over time, with a significance level of p < 0.05. All sta-
tistical analyses were performed using SPSS (version 14.0, Chicago, IL, USA).

RESULTS

Venous rupture developed in 604 of the 13506 procedures (4.5%) (Fig. 1). Venous ruptures
following PTA were more frequent in female and in cases of AV graft, thrombosis, and with
the thrombolysis technique as the treatment method (Table 3). In the AV fistula group, venous
rupture occurred in 230 of the 5875 procedures (3.9%). Females (4.7% vs. 3.1% in males; p =
0.002), thrombosis (9.8% vs. 3.6% in stenosis; p = 0.001), and thrombolysis technique (20% vs.
3.6% in simple PTA vs. 9.2% in aspiration thrombectomy; p = 0.001) were the significant vari-
ables. In the AV graft group, venous rupture occurred in 374 of 7631 procedures (4.9%). Fe-

Fig. 1. A67-year-old male with venous rupture following balloon angioplasty.

A. Postprocedural fistulography shows contrast leakage in balloon angioplasty site of cephalic vein.
B. Balloon tamponade was performed for 5 minutes.

C. Post-balloon tamponade fistulography shows a cephalic vein without contrast leakage.

Table 3. Venous Rupture Following Percutaneous Transluminal Angioplasty

Characteristic n (%) p-Value
Venous rupture 604 (4.5)
Male/female 200 (3.6)/404 (5.1) 0.001
Right/left 133 (4.1)/471 (4.6) 0.197
AVF/AVG 230(3.9)/374 (4.9) 0.006
Stenosis/thrombus 318(3.3)/286 (71.7) 0.001
Treatment methods 0.001
Only PTA 317(3.2)
Aspiration thrombectomy 277 (7.7)
Thrombolysis technique 10(9.4)

AVF = arteriovenous fistula, AVG = arteriovenous graft, PTA = percutaneous transluminal angioplasty
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males (5.3% vs. 4.1% in males; p = 0.015), thrombosis (7.5% vs. 2.8% in stenosis; p = 0.001),
and aspiration thrombectomy (7.5% vs. 2.8% in simple PTA vs. 6.9% in thrombolysis; p =
0.001) were the identical variables significant here too. Balloon tamponade was performed in
604 rupture cases, and stents were deployed in 119 cases where contrast extravasation and
flow stasis persisted. The ACPP was significantly better in the non-ruptured AV access cir-
cuits than in the ruptured AV access circuits (11.0 vs. 8.9 months; p = 0.001). However, access
type (p =0.372) and presence or absence of thrombus (p = 0.358) did not significantly differ in
terms of patency time. The ACPP in the stent group was significantly better than that in the
balloon tamponade group in patients with rupture (11.2 vs. 8.4 months; p =0.014). In the rup-
tured AV fistula group, ACPP was not significantly different between the stenosis and throm-
bus groups (p = 0.305) or between the balloon tamponade and stent placement groups (p =
0.185). The ACPP was 8.1 months in the balloon tamponade group and 10.4 months in the
stent tamponade group (p = 0.040), thus duration of primary patency was statistically signifi-
cant when comparing the balloon to the stent groups. However, no significant difference in

patency duration was observed between the stenosis and thrombus groups (p = 0.975).

DISCUSSION

PTA-induced venous rupture is a relatively common complication, with an incidence of
1.7%-14.9% (1-7). The mean rupture rate in our study was 4.5% being higher in female, AV
graft cases, cases of thrombosis, and cases utilizing urokinase thrombolysis techniques. The
rupture rate in the presence of thrombosis was 7.7%, which was higher than that in its ab-
sence. Raynaud et al. (1) reported a rupture rate of 1.7% in a study of 2414 PTA, of which throm-
bosed access occurred in 289/2414 (12%) of cases. According to Turmel-Rodrigues et al. (4), who
reported a relatively high rupture rate, the rate of the declotting procedure was 257/1118 (23%).
However, the rupture rates of stenosis and thrombus were not compared in either study. We
believe that the use of routine heparin for thrombosis access, the effect of urokinase in some
patients, and the frequent use of balloon catheters in thrombectomy procedures might have
been related to this finding. AV graft had a 4.9% higher rupture rate than that associated with
AV fistula (3.9%). However, Turmel-Rodrigues et al. (4) reported rupture rates of 8.3% in fore-
arm AV fistula and 14.9% in upper-arm AV fistula, while the AV graft rupture rate was 3.8%.
Kornfield et al. (13) reported rupture rates of 5.6% and 2.8% in fistulas and grafts, respectively.
In these two studies, AV fistula had a higher rupture rate than AV graft, contrary to our stud-
ies. The difference in the study of Turmel-Rodrigues et al. (4) was thought to be due to the large
proportion of thrombotic occlusion in the AV fistula, whereas in the study of Kornfield et al.
(13), only stenosis was targeted.

Several treatment tools are available for venous rupture, including manual compression,
prolonged balloon tamponade, use of bare stents, and stent graft installation. The Primary
treatment of venous rupture is usually a low-pressure balloon tamponade, but continued
bleeding in 119 cases in our study required insertion of the bare metal stent. Primary patency
in the ruptured cases was slightly lower than in the non-ruptured cases with balloon tampon-
ade. And it also showed relatively good and similar patency in cases with stent.

This study has several limitations. First, there was no analysis of the secondary patency fol-
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lowing the treatment. Further studies are needed to confirm the accuracy of this study. Sec-
ond, we need to confirm any complications following the installation of stent.

In conclusion, balloon tamponade and bare-metal stent placement are treatment methods
for PTA-induced venous ruptures. In particular, stent placement showed a similar ACPP to

that of the non-rupture group.

Availability of Data and Material
The datasets generated or analyzed during the study are available from the corresponding author on
reasonable request.

Author Contributions

Conceptualization, Y.S.B.; data curation, PY.S., Y.S.B.; formal analysis, PY.S., K.C.H.; methodology,
Y.S.B., G.D.E.; supervision, Y.S.B., K.C.H.; writing—original draft, PY.S.; and writing—review & editing,
Y.S.B., K.C.H., G.D.E.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

ORCID iDs
Yoon Soo Park @ https://orcid.org/0000-0001-5158-9220
Seung Boo Yang @ https://orcid.org/0000-0003-3350-2704
Chae Hoon Kang @ https://orcid.org/0000-0002-3714-0467
Dong Erk Goo @ https://orcid.org/0000-0003-1042-8265

Funding
None

REFERENCES

1. Raynaud AC, Angel CY, Sapoval MR, Beyssen B, Pagny JY, Auguste M. Treatment of hemodialysis access
rupture during PTA with Wallstent implantation. J Vasc Interv Radiol 1998;9:437-442

2. Pappas JN, Vesely TM. Vascular rupture during angioplasty of hemodialysis raft-related stenoses. J Vasc
Access 2002;3:120-126

3. Beathard GA. Percutaneous transvenous angioplasty in the treatment of vascular access stenosis. Kidney
Int 1992;42:1390-1397

4. Turmel-Rodrigues L, Pengloan J, Baudin S, Testou D, Abaza M, Dahdah G, et al. Treatment of stenosis and
thrombosis in haemodialysis fistulas and grafts by interventional radiology. Nephrol Dial Transplant 2000;
15:2029-2036

5. Funaki B, Szymski GX, Leef JA, Rosenblum JD, Burke R, Hackworth CA. Wallstent deployment to salvage di-
alysis graft thrombolysis complicated by venous rupture: early and intermediate results. AJR Am J Roent-
genol 1997;169:1435-1437

6. Rundback JH, Leonardo RF, Poplausky MR, Rozenblit G. Venous rupture complicating hemodialysis access
angioplasty: percutaneous treatment and outcomes in seven patients. AJR Am J Roentgenol 1998;171:
1081-1084

7. Welber A, Schur |, Sofocleous CT, Cooper SG, Patel RI, Peck SH. Endovascular stent placement for angioplas-
ty-induced venous rupture related to the treatment of hemodialysis grafts. J Vasc Interv Radiol 1999;10:547-
551

8. Kim DH, Goo DE, Yang SB, Moon C, Choi DL. Endovascular management of immediate procedure-related
complications of failed hemodialysis access recanalization. Korean J Radiol 2005;6:185-195

9. Vesely TM. Role of stents and stent grafts in management of hemodialysis access complications. Semin
Vasc Surg 2007;20:175-183

752 jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2024;85(4):746-753 RADIOLOGY

10. Dale JD, Dolmatch BL, Duch JM, Winder R, Davidson IJ. Expanded polytetrafluoroethylene-covered stent
treatment of angioplasty-related extravasation during hemodialysis access intervention: technical and
180-day patency. J Vasc Interv Radiol 2010;21:322-326

11. Rajan DK, Clark TW. Patency of Wallstents placed at the venous anastomosis of dialysis grafts for salvage of
angioplasty-induced rupture. Cardiovasc Intervent Radiol 2003;26:242-245

12. Gray RJ, Sacks D, Martin LG, Trerotola SO; Society of Interventional Radiology Technology Assessment
Committee. Reporting standards for percutaneous interventions in dialysis access. J Vasc Interv Radiol
2003;14(9 Pt 2):5433-5442

13. Kornfield ZN, Kwak A, Soulen MC, Patel AA, Kobrin SM, Cohen RM, et al. Incidence and management of
percutaneous transluminal angioplasty-induced venous rupture in the “fistula first” era. J Vasc Interv Ra-
diol 2009;20:744-751

SHUS 7|5 TN FN VRS S L3

o o 1T o = oL
Hoi mfo] QEE gl paf R X| 2 Htao|

2AH NS H|w A+

iz
09

4

FA 2% JERY

(=] 1. :I'L%Ql-I3

Hot

O Al,
T

X

A

H 2 A 7)s B9 AR tigh Aoy A de & O A ool &
& 9 Hefo] tisto] thealAt sttt

CHabmp EHE 1998 1€ EE] 20151 129714], 67327 2] FHaH(olA] 36859, HAd 3047, B
T LHo] 58.60 & 12.84A); o HHEA T Al7]: 34.32 £ 39.357H)oll thto] AlayH

A
13506719] 42 g, 71AA A7 E, 29al 2 E8llEe] A== 4]

ok

1gA|che g
91 37 ehe}
gl

https://doi.org/10.3348/jksr.2023.0121 753





