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Percutaneous transluminal angioplasty for dysfunctional femoral

hemodialysis graft
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PURPOSE

We aimed to evaluate the safety and effectiveness of per-
cutaneous transluminal angioplasty (PTA) for dysfunctional
femoral arteriovenous graft and analyze clinical or anatomic
predictors of graft patency.

METHODS

The records of 45 patients who underwent PTA or throm-
boaspiration for dysfunctional or thrombosed femoral arte-
riovenous graft from 2005 to 2012 were reviewed retrospec-
tively. Primary and secondary patency rates were determined
at three, six, and 12 months after PTA. The primary patency
rate was analyzed according to the presence of diabetes mel-
litus, graft age from the time of creation to the first interven-
tion (<12 months or 212 months), presence of thrombus,
shape of graft (U-shape vs. straight-shape), anastomosis type
of graft (femoral-femoral vs. femoral-saphenous), location of
stenosis (central vs. peripheral), length of stenosis (<2 cm vs.
>2 cm), degree of stenosis severity (<70% vs. 270%), and
stent insertion.

RESULTS

A total of 124 PTAs were performed in 45 patients. The pri-
mary patency rate at three, six, and 12 months was 84.8%,
63.6%, and 24.2%, respectively. The secondary patency rate
at three, six, and 12 months was 95.2%, 95.2%, and 85.7%,
respectively. The mean duration of primary and secondary
patency was 13.2 and 35.7 months, respectively. No signif-
icant clinical or anatomical predictors of primary patency
could be identified. Stent placement had a negative effect
on primary patency.

CONCLUSION

PTA is a safe and effective treatment for dysfunctional femoral
arteriovenous grafts. Stent placement seems to improve tech-
nical success, but does not enhance the primary patency rate
of dysfunctional femoral arteriovenous grafts.
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n general, the upper extremity arteriovenous (AV) graft is the first

choice for hemodialysis patients, but not all patients are indicated,

and there is a limitation to maintain patency. Therefore, new vascu-
lar access is needed on other areas including the lower extremities (1).
The lower extremity AV graft is not preferred due to high rate of infec-
tion (2), but recent studies report that the incidence of infection on a
lower extremity AV graft is similar to an upper extremity AV graft (3-5).

Maintaining the patency of an AV graft in hemodialysis patients is
very important. Thrombosis and venous stenosis are as likely to occur in
a lower extremity AV graft as in an upper extremity AV graft (6). Percuta-
neous transluminal angioplasty (PTA) may be useful for a dysfunctional
lower limb AV graft as well as an upper limb AV graft, but a definite
conclusion is hindered by the lack of direct studies. In 2004, Ryan et al.
(1) described the outcomes of a percutaneous declotting technique used
in 110 PTAs of 30 femoral AV grafts in 25 patients. They evaluated out-
comes of percutaneous declotting procedures in patients with prosthetic
femoral dialysis grafts. In 2001, Regina et al. (7) reported clinical and
radiologic predictors of prosthetic AV grafts after PTA in 500 patients.
However, their study was limited by the inability to classify the location
of grafts in the upper or lower extremities. The purpose of our study
was to retrospectively evaluate the safety and efficacy of PTA for dys-
functional femoral AV graft. We also analyzed the clinical and anatomic
predictors of graft patency after PTA.

Methods
Patient population

Institutional review board approval was obtained for this study (no.
2014-01-002) and the requirement for informed consent was waived. A
retrospective analysis was performed with 45 patients (15 males, 30 fe-
males; age range, 42-87 years; mean age, 64.0+11.9 years) with a femoral
AV graft, who were referred for PTA or thromboaspiration due to dys-
function or thrombosis of the graft, between January 2005 and December
2012. The institute’s picture archiving and communication system was
searched for this timeframe. The most common cause of chronic renal
failure was diabetes mellitus in 18 (40%) patients, followed by hyperten-
sion in 13 (28.8%), unknown in 11 (24.4%), chronic glomerulonephritis
in two (4.4%), and polycystic kidney disease in one (2.2%). A total of 43
patients underwent femoral AV graft due to central occlusions bilaterally
or unilaterally along with inadequate or exhausted peripheral veins in bi-
lateral upper limbs. The remaining two patients required new access cre-
ation due to infection or abnormal sense on existing hemodialysis access.



Procedures and techniques

Diagnostic imaging was performed
by two interventional radiologists with
nine and 17 years of experience. Diag-
nostic fistulography was performed
with a 21-gauge needle (Becton Dick-
inson). Fistulography was performed
from an arterial anastomotic site
through the right atrium. The arterial
anastomotic site was checked through
reflux of contrast material by means of
hard compression supplied by the op-
erator’s hand, when the arterial inflow
was decreased.

PTA was performed when there was
>70% narrowing of the lumen com-
pared to baseline (8) or in the presence
of a clinical dysfunction, such as high
pressure of the AV graft, and unstop-
pable bleeding. If the AV graft was
thrombosed, thrombolysis using uro-
kinase and/or mechanical thrombol-
ysis were used for declotting without
fistulography (7).

Once a stenosis was identified on
fistulography, the puncture sites were
anesthetized with lidocaine hydrochlo-
ride. General or regional anesthesia was
not applied. The AV graft was accessed
using an 18-gauge needle and 0.018-

inch guidewire directed toward the ste-
notic site. A 7 F or 8 F vascular introduc-
er sheath (Terumo and Cook Medical)
was placed. After roadmap imaging was
obtained using a collateral pore of the
vascular introducer sheath, lesion de-
gree, length, and location were identi-
fied. Heparin was not routinely infused
into the graft. For stenoses at venous
anastomotic site and central vein, 4
cm x 7-14 mm balloon catheters (Blue
Max/XXL/Cutting Balloon, Boston Sci-
entific and Conquest/Atlas, BARD) were
used. The balloon was inflated using
an Encore 26 manual inflation device
(Boston Scientific) to a pressure of 5-30
atm for 1-2 min (Fig. 1). After PTA, an
immediate roadmap imaging was ob-
tained and evaluated for residual steno-
sis. In cases where the residual stenosis
exceeded 30%, 1-2 mm larger balloon
catheters were used along with the cut-
ting balloon catheter or high-pressure
balloon. After the procedure, the punc-
ture site was sutured (9).

If complete graft thrombosis was
identified on physical examination,
the apex puncture technique was used
for U-loop hemodialysis grafts and the
crossed-catheter technique was used

for straight hemodialysis grafts. The
graft loop was punctured with a mi-
cropuncture set (Cook Medical) and
the Desilets-Hoffman sheath (Cook
Medical) was advanced to the venous
limb along a hydrophilic guidewire
for thromboaspiration. While apply-
ing constant manual suction with a
10 mL syringe connected to the rear
end of the sheath, the Desilets-Hoff-
man sheath was slowly withdrawn for
thromboaspiration. A small amount of
contrast was repeatedly injected and
the thrombi were aspirated, during
back and forth manipulation of the
Desilets-Hoffman sheath within the
hemodialysis graft. Aspiration was re-
peated until no further thrombi could
be aspirated. Then, a 7/8 mm by 4 cm
balloon catheter was advanced into
the draining vein and 5000 IU of hep-
arin was administered. Angiography
of the draining vein was performed to
assess the outflow stenosis and angio-
plasty was performed as required. After
treatment of the venous limb was com-
pleted, thromboaspiration of the arte-
rial limb was performed in the same
manner. If an arterial plug remained at
the arterial anastomosis, a 5 F Fogarty

Figure 1. a—c. Routine percutaneous transluminal angioplasty for dysfunctional femoral arteriovenous graft. Fistulography (a) before the procedure
shows severe stenosis in venous anastomotic site. Postinterventional fistulography (b) shows no residual stenosis. Reflux fistulography (c) shows an
intact arterial anastomotic site and a pseudoaneurysm at the needle puncture site in the graft.
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Figure 2. Graph depicting the results of survival analysis for primary and secondary patency
rates after percutaneous transluminal angioplasty on dysfunctional femoral arteriovenous graft.

thrombectomy balloon catheter (Bax-
ter) was passed through the arterial
anastomosis, and the plug was pulled
back into the midarterial limb of the
hemodialysis graft. An angioplasty
balloon was then placed over the plug
to break it. Angiography of the entire
hemodialysis graft was performed,
and any residual stenosis or adher-
ent thrombus was treated as required
(10). Stent placement was indicated for
>30% residual stenosis after PTA.

Definitions and complications

Primary and secondary patency rates
of the AV graft after PTA were defined
in accordance with reporting standards
and quality improvement guidelines of
the Society of Interventional Radiolo-
gy (11). Primary patency was defined
as patency from the time of primary
intervention until fistula thrombosis
or repeated radiologic intervention.
Secondary patency was defined as pa-
tency from the time of primary inter-
vention until the fistula is surgically
declotted, revised, or abandoned; until
the patient receives a renal transplant;
or until the patient is lost to follow-up.
The technical success of angioplasty
was defined as a reduction of the ste-
nosis to <30% of the luminal diameter
for underlying significant stenosis (12).
Central area stenoses were defined as

those located in the native external il-
iac vein or common iliac vein. Periph-
eral area stenoses were defined as those
located in the venous anastomotic site,
arterial anastomotic site, and intra-
graft. Complications were categorized
as major and minor in accordance with
the published guidelines of the Society
of Interventional Radiology (13).

Follow-up

All patients were recommended to
visit the vascular surgery outpatient
clinic every three months for a physical
examination. If a clinical abnormality
was identified, diagnostic fistulogra-
phy was performed to check for AV
graft dysfunction. Patient follow-up
was terminated when the fistula was
surgically revised, new AV access was
made, or the patient died.

Statistical analysis

All available clinical and radiological
records were reviewed retrospectively.
Overall primary and secondary paten-
cy rates were obtained. Predictors of
the primary patency were investigat-
ed based on the following variables:
the presence of diabetes mellitus, graft
age from the time of creation to the
first intervention (<12 months or =12
months), presence of thrombus, shape
of graft (U-shape vs. straight-shape),
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anastomosis type of graft (femoral-fem-
oral vs. femoral-saphenous), location
of stenosis (central area vs. peripheral
area), length of stenosis (<2 cm vs. =2
cm), degree of stenosis severity (<70%
vs. 270%), and presence of stent. Tech-
nical success rate and complications
were investigated. Survival analysis
was performed using the Kaplan-Meier
curve and the log-rank test. P < 0.05 was
considered to be statistically significant.
The software used for statistical analysis
was SPSS version 14.0 (SPSS Inc.).

Results

A total of 124 PTAs were performed
in 45 patients as follows: one PTA in
21 patients (47%), two PTAs in four pa-
tients (9%), three PTAs in nine patients
(20%), and four or more PTAs in 11
patients (24%). Technical success rate
was 100%. The complication rate was
0.8%, representing one of 124 inter-
ventions, an anastomotic site dissec-
tion treated with stent insertion. The
mean follow-up was 35.7+24.6 months
(range, 4-96.3 months). For the fem-
oral AV graft, the primary patency
rate at three, six, and 12 months was
84.8%, 63.6%, and 24.2%, respective-
ly. The secondary patency rate at three,
six, and 12 months was 95.2%, 95.2%,
and 85.7%, respectively (Fig. 2). Mean
duration of primary patency was 13.2
months (median time, 8.0 months),
while mean duration of secondary pa-
tency was 35.7 months (median time,
33.3 months). Predictors of graft pa-
tency are summarized in Table 1.

Stents were inserted in nine of 124
procedures. Indications of stent place-
ment were elastic recoils in eight cases
and anastomotic site dissection in one
case. Location of stent placement was
venous anastomotic site in six cases,
external iliac vein in two cases, and
common iliac vein in one case. All ve-
nous anastomotic sites requiring stent
insertion were of femoral-femoral
anastomosis graft type .

Presence of diabetes mellitus (P =
0.876), graft age from the time of
creation to the first intervention (P
= 0.139), presence of thrombus (P =
0.886), shape of graft (P = 0.313), anas-
tomosis type of graft (P = 0.654), loca-
tion of stenosis (P = 0.339), length of
stenosis (P = 0.654), or degree of ste-

Oh et al.



Table 1. Kaplan-Meier analysis for clinical and anatomic predictors of patency rate after percutaneous transluminal angioplasty

Patency rate (%)

Variable n 3-month 6-month 12-month P

Diabetes mellitus Present 18 83.3 66.7 25.0 0.876
Absent 27 76.9 76.9 15.4

From surgery to first PTA <12 months 20 76.9 61.5 7.7 0.139
>12 months 25 88.9 61.1 27.8

Thrombosis Present 24 81.3 62.5 25.0 0.886
Absent 21 88.2 64.7 23.5

Graft shape U-shaped 36 88.5 65.4 30.8 0.313
Straight 9 71.4 57.1 0.0

Anastomosis type FE-FE 30 83.3 58.3 20.8 0.654
FE-SA 15 88.9 77.8 33.3

Stenosis location Central* 8 87.5 50.0 25.0 0.339
Peripheral 37 84.0 68.0 24.0

Stenosis length <2cm 17 80.0 50.0 20.0 0.654
>2 cm 28 90.5 71.4 28.6

Stenosis severity <70% 20 81.8 72.7 18.2 0.347
>70% 25 90.0 60.0 30.0

Stent insertion Present 9 88.9 44.4 0.0 0.016
Absent 36 83.3 70.8 333

PTA, percutaneous transluminal angioplasty; FE-FE, femoral-femoral type; FE-SA, femoral-saphenous type.

*External iliac vein or common iliac vein.

nosis (P = 0.347) were not significant
predictors of primary patency. Stent
placement after PTA was determined
to have a negative predictive value on
primary patency (P = 0.016).

Discussion

Our study shows that after PTA,
primary and secondary patency rates
were similar to the outcomes observed
by previous studies on upper limb he-
modialysis access (Table 2) (12, 14-17).
Therefore, PTA is an effective treatment
for dysfunctional femoral AV graft, as
it is for the upper limb AV graft.

In addition, our results show that
dysfunctional AV grafts treated with
PTA have better technical success and
patency rates than previously pub-
lished. The National Kidney Founda-
tion Kidney Disease Outcomes Quality
Initiative (NKF-DOQI) guideline rec-
ommends that, after PTA, primary pa-
tency rates should be at least 50% at
six months for dysfunctional AV grafts
with only stenosis and at least 40% at
three months for dysfunctional AV
grafts with thrombus (18). The present

finding of six-month primary patency
rate of 64.7% for dysfunctional femoral
AV grafts with stenosis and 62.5% for
those with thrombosis exceeds the Na-
tional Kidney Foundation expectations.
These results likely reflect the innova-
tions in the interventional devices (e.g.,
high pressure balloon or cutting bal-
loon) and the medical treatments for
prevention of infection over the decade
since the study of Peirce et al. (1).
Permanent vascular access is very
important for hemodialysis in patients
with chronic renal failure. In gener-
al, radiocephalic AV fistula is the first
vascular access, followed by brachioce-
phalic AV fistula (19-22). If there is no
suitable superficial vein, prosthetic AV
fistula or brachiobasilic AV fistula with
basilic vein transposition are required
(23, 24). However, if the upper limb use
is not appropriate, axillary-axillary AV
access (necklace graft) (25), superficial
femoral vein transposition (26), axil-
lary artery to right atrial graft (27), he-
modialysis reliable outflow graft (28),
and femoral AV graft could be used as
alternative choices for vascular access

(19-21). Autogenous AV fistula or graft
AV fistula are available for femoral AV
access, although the former is not pre-
ferred because of wide incision and as-
sociated complications (19, 29, 30).

The femoral AV graft is longer than
the upper arm graft and is easy to can-
nulate (1). Blood flow is increased in
the femoral AV graft, and the inci-
dence of thrombosis or stenosis is low
with maintenance of patency (31). The
location of the femoral AV graft is usu-
ally invisible, which preserves patients
privacy (2).The femoral AV graft has
good durability demonstrating longer
primary patency after surgery than up-
per extremity grafts (4, 32, 33).

Early after the introduction of the
femoral AV graft, the mortality rate
was high and amputation of lower
extremities due to infection was fre-
quent. Morgan et al. (2) described their
experience using femoral vessels for di-
alysis access in 1980. In that study, 27
of 161 patients experienced infection
that resulted in lower limb amputation
in 22% and mortality in 18%. At our
institution, there have been no infec-
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Table 2. Review of reported patency rates after percutaneous transluminal angioplasty of nonthrombosed and thrombosed hemodialysis

fistulas in upper extremities

Primary patency (%)

Secondary patency (%)

Fistula type No. of fistulas  Success rate (%)  6-month  12-month 6-month  12-month
Nonthrombosed hemodialysis fistulas
Clark et al. (14) Forearm, upper arm 53 94 55 26 82 82
Manninen et al. (12) Forearm 53* 91 58 44 90 85
Lay et al. (15) Forearm 31 90 77 64 85 81
Turmel-Rodrigues et al. (16) Forearm 155 95 67 51 ND 85
Upper arm 65 97 57 35 ND 82
Thrombosed hemodialysis fistulas
Turmel-Rodrigues et al. (16) Forearm 54 94 74 47 ND 80
Upper arm 9 78 27 27 ND 65
Haage et al. (17) Forearm, upper arm 54 89 52 27 ND ND

ND, not determined.
*Includes 12 thrombosed fistulas.

tions of femoral AV grafts. Generally,
the infection rate has declined because
of the prophylactic use of antibiotics
prior to surgery or procedure (1). Fur-
thermore, for sterilization of the femo-
ral triangle, topical disinfectant is used
before surgery, procedure, and dialysis.
These efforts have progressively im-
proved femoral AV graft viability (1).
The incidence of infection and throm-
bus has become similar in lower and
upper extremity grafts (3-5).

Lilly et al. (7) reported that primary
patency rate was significantly higher
in AV grafts with stenosis rather than
thrombus. In addition, the degree of
stenosis and the ratio of intragraft to
systolic blood pressure were factors
affecting the primary patency rate in
their study. Rajan et al. (34) reported
that no clinical or anatomic variables
affected the patency outcome. In our
study, there was no significant differ-
ence in the primary patency rate based
on various clinical and anatomic pre-
dictors.

Metallic stents may be used in case
of elastic recoil of the vessel wall or
dissection after PTA. In our study,
stents were placed in nine of 124 pro-
cedures. The indications of stent place-
ment were elastic recoil in eight cases
and anastomotic site dissection in one
case. Location of stent was venous
anastomotic site in six cases, external
iliac vein in two cases, and common
iliac vein in one case. Funaki et al. (6)

reported that stent placement is useful
in lower extremity elastic vein steno-
ses in patients with thigh hemodialysis
grafts. In this study, stent placement
improved the technical success, but
it was not effective to maintain the
patency on dysfunctional femoral AV
grafts. This was because patients re-
quiring stent placement had more elas-
tic lesions than the PTA-only group.
However, the small number of patients
with stents and patient selection bias
may have influenced the results.

To our knowledge, there have been no
reports on stent graft placement for dys-
functional femoral AV graft until now.
In the upper extremities, the use of stent
graft provides longer term and superior
patency than standard balloon angio-
plasty contrary to our findings (35).

The main limitation of the present
study is the inappropriate setting of the
comparison group. Patients included in
the stent insertion group were refrac-
tory to PTA and naturally registered a
poor outcome after stent insertion. An-
other limitation is that we did not use
the same type of balloon in all patients,
because the data were collected over a
long stretch of time. Other limitations
include the retrospective design and
the small sample size.

In conclusion, PTA is an effective
treatment for dysfunctional femoral
AV grafts. Stent placement seems to
improve the technical success, but does
not improve the primary patency of
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dysfunctional femoral AV grafts. No
clinical or anatomic factor affected the
patency outcome.
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