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Access failure in hemodialysis patients is com-
monly encountered by vascular surgeons.  Since

the introduction of the polytetrafluoroethylene
(PTFE) graft for access creation in hemodialysis
patients, acute graft thrombosis has become an
important complication.(1) Owing to the relatively
poor prognosis of graft patency following thrombo-

sis, several different treatment modalities have been
developed for dealing with acute thrombosis of dial-
ysis grafts. 

Several methods now exist for dealing with
acute thrombosis of dialysis grafts.  Surgical
thrombecotmy with or without graft revision is the
most straightforward approach for keeping grafts
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patent.(2,3) However, surgery is more invasive than
percutaneous methods such as thrombolytic therapy
and mechanical thrombectomy.(4) Both methods have
advantages and disadvantages. 

At Chang Gung Memorial Hospital, surgical
thrombectomy has long been the standard approach
for treating acute dialysis graft thrombosis.  To
enhance the short-term and long-term results of graft
thrombectomy, and also correct the underlying
stenotic lesions of the vascular access, intraoperative
fistulography and balloon dilatation techniques have
recently begun to be incorporated into surgical
thrombectomy of dialysis grafts. 

METHODS

We retrospectively reviewed our experience of
13 consecutive patients that underwent surgical
thrombectomy followed by intraoperative balloon
angioplasties of the discovered vascular stenosis that
were conducted during a 2-month period last year. 

For each patient that suffered from acute throm-
bosis of dialysis graft, surgical thrombectomy was
performed on an urgent or emergent basis under local
anesthesia with or without intravenous sedation.  A
transverse graftotomy was first performed on the
venous side of the graft, at least 2 cm from the anas-
tomosis.  Additional arterial side graftotomy was
performed only where necessary.  The thrombus was
removed directly using Fogarty balloon catheter.
Following the thrombectomy, routine intraoperative
fistulography was performed by injection of contrast
media via the graftotomy to demonstrate the possible
residual thrombus and the underlying vascular steno-
sis (Fig. 1).  Balloon angioplasty was conducted
when any significant stenosis was found.
Appropriate non-compliant balloon dilatation
catheter, typically 4 mm to 7 mm in diameter, was
then used to correct the stenotic lesion with adequate
pressure and inflation time.  The graftotomy was
then closed and the graft blood flow was restored.
Finally, post-procedure angiography was performed
immediately to document the results (Fig. 2).

Basic patient data was collected, along with the
findings of angiography and the operative results.
The patients were followed up for at least 6 months,
and the primary patency of the grafts following sal-
vage was calculated. 

RESULTS

Among the consecutive 14 patients with dialysis
grafts that underwent thrombectomy, 13 patients
were found to have stenotic lesions over the vascular
route.  The patients in this sample were between 42
and 83 years old.  The sample included eight women
and five men.  Most of the patients had other sys-
temic diseases, such as DM or hypertension.  All of
the dialysis grafts were PTFE grafts, and  duration of
the grafts ranged from 3 to 20 months (average, 10
months) at the time of thrombectomy.  The types of
grafts included one forearm radial to cephalic graft,

Fig. 1 Intraoperative angiography after thrombectomy
showed a significant stenotic lesion over the venous outlet of
dialysis graft.

Fig. 2 After adjuvant balloon angioplasty, the stenotic lesion
was corrected.
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six forearm looped grafts and six upper arm grafts.
The intraoperative angiography indicated that seven
of the 13 patients had single significant graft venous
outlet lesions, while the others had multiple lesions.
Eight patients achieved optimal angioplasty results
after the procedure (defined as residual stricture less
than 30%), and the remaining five patients achieved
sub-optimal results.  All of the patients with subopti-
mal angioplasty results suffered recurrent graft fail-
ure within 3 months of thrombecotmy (1 after 1
month, 3 after 2 months, and 1 after 3 months).

Surgical thrombectomy plus balloon angioplasty
were performed successfully to restore access blood
flow in all 13 patients.  All patients were put on
hemodialysis at least once immediately after the pro-
cedure, using the original vascular access.  The pri-
mary patency rates of the dialysis grafts following
these hybrid procedures at 1, 3, and 6 months were
77% (10 of 13), 62% (8 of 13), and 38% (5 of 13),
respectively.  No surgical complications, such as
infection, bleeding or hematoma, were noted after
the procedures.

DISCUSSION

Vascular surgeons and interventional radiolo-
gists have developed various methods for dealing
with dialysis graft occlusion.  Among the available
solutions, surgical methods and percutaneous tech-
niques such as pharmacal or mechanical thrombolyt-
ic therapy all have advantages and disadvantages.(5)

Surgical thrombectomy alone is the technique
traditionally used for declotting acute thrombosed
grafts.  Notably, surgical thrombectomy is known to
be quick and effective in declotting dialysis access
grafts.  However, the results from pure surgical
declotting are poor because of the underdiagnosis
and incomplete treatment of possible residual lesions
of the venous outflow tract.  In most cases, surgical
thrombectomy must be accompanied by procedures
to correct the outflow stenosis.(6) Some surgeons per-
form surgical revisions, either using patch angioplas-
ty or jump graft revision, following thrombectomy of
the dialysis grafts to correct the underlying venous
outlet lesions.  However, surgical revisions combined
with thrombectomy for thrombosed grafts may
require significant dissection, creating potential for
nerve injury, significant patient discomfort, and high
rates of hematoma and infection, poor healing.  In

addition, the graft may also be difficult to revise in
the future. 

Thrombolytic therapy using a percutaneous
approach is less invasive than surgery for dissolving
blood clots.  However, mechanical thrombectomy or
pharmacal thrombolytic therapy is more time con-
suming and expensive than surgery, may not dissolve
the thrombus as completely as surgery, and may
induce systemic complications such as bleeding. 

To restore functionality to an acutely throm-
bosed dialysis graft, complete removal of the clot is
required.  Since over 80% of patients with throm-
bosed dialysis grafts have underlying lesions such as
venous anastomosis area stenosis or venous outflow
tract stenotic occlusion,(7) detection and correction of
the specific vascular lesions is necessary to keep the
graft in long-term patency.  To remove the clot in the
graft, surgical thrombectomy is more effective and
straightforward and less expensive and time-consum-
ing than the percutaneous mechanical or pharmaco-
logical methods.  Moreover, arterial plugs are easier
to remove surgically than using thrombolytic thera-
py.  Furthermore, pure percutaneous methods have
higher rates of technical failure and higher costs
when dealing with thrombosed grafts.(8) To diagnose
underlying venous outlet lesions in the vascular
access during the procedure, intraoperative fistulog-
raphy is required in addition to traditional thrombec-
tomy.  The vascular stenosis must be addressed and
corrected to prevent recurrent thrombosis and main-
tain long-term access patency. 

Balloon angioplasty is being used increasingly
to treat vascular access stenotic lesions during percu-
taneous thrombolytic therapy.  Compared with surgi-
cal patch angioplasty, balloon angioplasty has the
advantages of being less invasive, time saving, and
preserves vascular sites for future surgical revision.
In addition, the endovascular approach appears to be
a reasonable choice in cases where surgical exposure
is difficult.(9) Thus, some surgeons have begun to use
balloon angioplasty during surgery in adjunct to sur-
gical thrombectomy.  Performing balloon angioplasty
in the operating room as opposed to the angiography
room also has certain advantages.  For example, in
cases involving complications or difficulty in bal-
looning, surgical revision can be performed immedi-
ately to save the dialysis access. 

To enhance the results of surgical thrombectomy
in this investigation, intraoperative fistulography of
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the vascular graft was performed to detect the possi-
ble underlying vascular stenosis and correct the
lesions immediately by balloon angioplasty.
Intraoperative angiography enables the examination
of the entire vascular access route. In cases involving
residual thrombus, Fogarty thrombectomy can be
performed again to clear the vascular route.  The
underlying vascular lesion, usually located over the
venous outlet, can also easily be addressed and addi-
tional corrective procedures can be conducted.  The
series presented here achieved a 100% clinical suc-
cess rate for thrombectomy.  That is, every patient
was put on hemodialysis via the original vascular
access at least once following the surgery.
Accordingly, adjuvant intraoperative fistulography
appears helpful in ensuring the completeness and ini-
tial success of the thrombectomy. 

Balloon angioplasty was used here instead of
surgical revision to correct the lesions found during
the operation due to the following reasons.  First,
surgical revision, either using jump graft or patch
angioplasty, is more time consuming and painful
than balloon angioplasty.  Second, surgical revision
involves more dissection, and thus can be associated
with more surgical complications, such as
hematoma, pseudoaneurysm,(10) infection, and nerve
injury.  Third, certain lesions, such as subclavian and
superior vena cava stenosis, are difficult to approach
surgically and under local anesthesia.  Furthermore,
balloon angioplasty can preserve more puncture and
vascular sites for possible future vascular access cre-

ation or revision.(11,12)

The primary patencies of the graft after the pro-
cedure performed here at 1, 3, and 6 months were
77%, 62%, and 38%, respectively.  The results were
far better than the results of surgical thrombectomy
alone(13) and were also better than the results for most
of the pure percutaneous thrombolytic proce-
dures.(10,14-16) The above mentioned results also com-
pared well with the results of surgical thrombectomy
plus surgical revision reported in the literature
(Table 1).(13,17) Finally, the results presented here
were also comparable with other published results
for thrombectomy plus balloon angioplasty
(Table 2).(18-20)

Thus, from our initial experience, the technique
of combined surgical thrombectomy and balloon
angioplasty as a hybrid procedure for dealing with
acute thrombosed dialysis grafts was not only effec-
tive but also had numerous advantages compared
with other methods, such as pure surgical or pure
percutaneous methods.  The routine use of intraoper-
ative fistulography can ensure complete thrombecto-
my and can effectively detect underlying vascular
lesions.  Correcting the residual lesions using balloon
angioplasty immediately following thrombus
removal is believed to eliminate the risk of immedi-
ate recurrent graft failure and  increase dialysis graft
patency.  This hybrid method also reduced time and
money expenditures by eliminating the need for
another clinic visit and balloon angioplasty for resid-
ual lesions. 

Table 1. Patency Rates of Surgical Thrombectomy, With or Without Revision as Reported in the Literature(11,13,19)

Study Patency at 1 month Patency at 3 month Patency at 4 month Patency at 5 month Patency at 6 month

Brotman et al. 30% 10%
(Thrombectomy alone)
Brotman et al., (with revision) 59% 25%
Bitar et al. (with revision) 86% 45% 17%
Dapunt et al. (with revision) 64.1% 28.9%

Table 2. Results of Combined Surgical Thrombectomy and Balloon Angioplasty for Thrombosed Dialysis Grafts(18-20)

Study Case number Patency at 1 month Patency at 3 months Patency at 5 months Patency at 6 months
Smith et al. 19 58%
Bitar et al. 22 77% 40% 28%
Anain et al. 48 45% 45% 33%
Current study 13 77% 62% 38%
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According to the results of this work, we recom-
mend intraoperative balloon angioplasty plus surgi-
cal thrombectomy as an effective method for sal-
vaging thrombosed hemodialysis grafts.  This hybrid
procedure not only removed thrombus directly but
also corrected the associated lesion in a less invasive
manner than a pure surgical approach.  Since this
work merely presents the initial results for the appli-
cation of this hybrid procedure in our hospital, stud-
ies with large patient populations and long follow up
periods are required to evaluate the method properly. 
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(surgical thrombectomy) (per-
cutaneous thrombolysis) (percutaneous mechanical thrombectomy)

(percutaneous balloon angioplasty)
(surgical angioplasty)

2001 7
13

1
3 77% 62% 38%
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