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Background: Intragraft stenosis is luminal narrowing of prosthetic AV graft for hemodialysis remote from the vascular anasto-
moses and is related to the development of peri-graft scar and fibroblastic in growth through needle puncture tracts at the access
cannulation sites. If intragraft stenosis is not detected and correct during surgical revision of acutely thromboses AV graft it will
lead to early rethrombosis
Objective: To compare between surgical revision with adjunctive balloon angioplasty on intragraft stenosis (intervention group)
and surgical revision alone (control group) in post-intervention primary patency rate, the efficacy of balloon angioplasty on
intragraft stenosis and incidence of intragraft stenosis in thrombosed dialysis graft.
Material and Method: Between March 2016 and January 2017, All thrombosed dialysis graft patients at Ramathibodi Hospital
were analyzed (n = 104). Grafts created less than 3 months or more than 2 years, a graft with infection, contrast allergy, and
surgical revision more than twice were excluded. Forty-two patients were enrolled and randomly assigned to control and
intervention group. All patients underwent surgical revision and intraoperative fistulography. Adjunctive balloon angioplasty was
performed in the intervention group if intragraft stenosis with 50% or greater luminal narrowing was detected. Patency rates were
estimated by Kaplan-Meier survival analysis.
Results: The two groups exhibited similar demographic features and comorbidities (p>0.05). A median follow-up time is 124
days (95% CI 126 to 291). No significant difference in overall post-intervention primary patency rate between the two groups (p
= 0.973), at 3-month follow-up of control group [75% (95% CI 0.57 to 0.86)] and intervention group [78% (95% CI 0.61 to
0.88)]. And at 6-month follow-up of control group [62% (95% CI 0.43 to 0.76)] and intervention group [58% (95% CI 0.38 to
0.73)]. In subgroup analysis of patients who had intragraft stenosis, the post-intervention primary patency rate of the intervention
group was higher than in the control group (p = 0.009). At 3-month follow-up of control group [62% (95% CI 0.23 to 0.86)] and
intervention group [87% (95% CI 0.38 to 0.98)]. And at 6-month follow-up of the control group [0%] and the intervention group
[31% (95% CI 0.04 to 0.64)]. Anatomic success rate after balloon angioplasty was 100%. The incidence of intragraft stenosis was
28.5% (12/42).
Conclusions: Incidence of intragraft stenosis was 28.5% and could be effectively corrected by balloon angioplasty, therefore
resulting in prolonged vascular access function.
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Acute thrombosis of prosthetic arteriovenous
(AV) graft for hemodialysis was a common complication
led to morbidity, salvage procedures, new access
placement, and additional  costs(1,2). The most common

cause of acute thrombosis was the development of
hemodynamically significant stenosis at venous
anastomosis (58% to 90%)(3). Pathogenesis of the
venous anastomosis, arterial anastomosis or outflow
vein stenosis was the formation of neointimal
hyperplasia that resulted in progressive luminal
narrowing(4-6). In contrast, stenosis that occured within
the prosthetic graft remote from the vascular
anastomosis is related to the development of peri-graft
scar and fibroblastic in growth through needle puncture
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tracts at the access cannulation sites(5,6). Surgical
treatment of acutely thrombosed AV graft was
thrombectomy and selective local revision with 1-year
patency rates of 3% to 36%(7,8). In our center we
performed surgical thrombectomy and selective local
revision of stenosed venous anastomosis by venous
patch or jump graft. After thrombectomy and revision,
we did not perform routine intraoperative fistulography
if a good thrill was observed over the graft and the
outflow vein. Therefore some intragraft stenoses might
not be detected or corrected with our standard
approach. The reported incidence of intragraft stenosis
was around 2 to 28%(9) in studies of dysfunctioning or
failing graft. Primary access patency rates had been
reported to be in the range of 56% to 75% after
angioplasty of intragraft lesions(10-12). There was lack
of studies analyzing outcomes of interventions
specifically on intragraft stenosis or incidence of
intragraft stenosis in thrombosed dialysis graft.
Although numerous studies reported postintervention
access patency outcome between the endovascular
and surgical treatment of thrombosed dialysis graft,
there was no study analyzing outcomes of surgical
revision combined with adjunctive balloon angioplasty
on intragraft stenosis in thrombosed dialysis graft.
Therefore, the purpose of this study was to compared
surgical revision and adjunctive balloon angioplasty
with surgical revision alone in terms of post-intervention
primary patency rate, the efficacy of balloon angioplasty
on intragraft stenosis and incidence of intragraft
stenosis in thrombosed dialysis graft.

Material and Method
After the study protocol was approved by

Ethical Committee of Ramathibodi Hospital all
consecutive patients who came for treatment of acute
AV graft thrombosis at Vascular Surgery and
Transplantation devision Ramathibodi Hospital during
March 2016 to January 2017 were enrolled to our study.
Dialysis graft thrombosis were confirmed by duplex
ultrasound performed by vascular surgery fellows
under supervision of the attending staffs. Exclusion
criteria were grafts created less than 3 months or
more than 2 years, graft with infection, contrast allergy,
revision more than twice and patient refused to be
enrolled. After providing informed consent, patients
were randomized to the intervention and control group
using a computer-generated list of four block random
numbers and placed in opaque, sealed envelops.

All thrombosed dialysis graft patients
underwent surgical thrombectomy with or without

graft revision and intraoperative fistulography. The
procedures were performed in the operating room by
vascular surgery fellows under local anesthesia as
outpatient procedure. Thrombosed grafts were
accessed by reopening the incision used to place the
dialysis graft. The venous limb was exposed, controlled
and then opened for thrombectomy using No. 4 Fogarty
thrombectomy catheter. The venous end was
declotted first then the arterial plug and clot were
removed. Following complete clot removal, a PTFE
patch angioplasty was performed or alternatively, an
interposition bypass graft was createded to correct
stenosis of venous anastomosis. Surgical
thrombectomy alone was performed if no anatomic
cause of graft thrombosis was found. Intraoperative
fistulography was performed by placement of 6 French
Brite-TipTM sheath (Cordis International, Miami, FL,
USA) at the arterial aspect of the graft in a direction
toward the venous outflow then iodinated contrast was
injected through the sheath to visualized the arterial
anastomosis, intragraft, venous anastomosis, distal
outflow vein, and central veins.

Patients with intragraft stenosis randomized
to the intervention group (surgical revision with
adjunctive balloon angioplasty) were treated if a 50%
or greater reduction in lumen diameter was identified.
Balloon angioplasty was performed with MUSTANGTM

balloon (Boston Scientific Corporation, Boston, MA,
USA). These balloons had diameters of 6 mm and length
of 40 mm to 80 mm depending upon the lesion length.
Balloon was inflated to maximal capacity, usually up to
24 atmospheres of pressure.

Patients randomized to the control group
(surgical revision alone) were simply followed and
monitoring the vascular access according to
surveillance protocol. Our ethics committee
recommended balloon angioplasty to be allowed in the
control group if there was intragraft stenosis of greater
than 75% in diameter.

Demographic data and cardiovascular risk
factors were recorded in each patient, as were the
number, location, and type of any current or previous
access. Informations regarding surgical intervention
was also recorded.

Primary outcome of this study was to compare
post-intervention primary patency rate after surgical
revision with adjunctive balloon angioplasty on
intragraft stenosis with surgical revision alone and the
efficacy of balloon angioplasty to correct intragraft
stenosis in thrombosed dialysis graft. The secondary
outcome was the incidence of intragraft stenosis in
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thrombosed dialysis graft. All patients were followed-
up at OPD Vascular Surgery according with standard
postoperative care. Vascular access patency and
function were evaluated per protocol monthly at
patient’s dialysis center for 12 months. Graft failure
was defined as unable to use for dialysis or recurrent
thrombosis.

We anticipated 25 patients per treatment
group. By diagnostic properties of ROC between R2A
Application (ROC = 0.98) and 3Di (ROC = 0.89), alpha
error = 5%, power = 80 percentage calculated sample
size by Power and Sample size Program: version 3(13,14).

All post treatment assessments were defined
according to Reporting standards for arteriovenous
accesses of the Society for Vascular Surgery and the
American Association for Vascular Surgery(15) and with
Society of Interventional Radiology (SIR) reporting
standards(16). Anatomic success after angioplasty was
defined as less than 30% residual stenosis. Clinical
success after treatment of a thrombosed access was
defined as the resumption of normal dialysis for at least
one session. Technical success of surgical revision
was defined a patent graft at the conclusion of the
procedure, based on a good thrill in the vein distal to
the surgical site. Post-intervention primary access
patency was defined as the interval from the time of
surgical intervention until thrombosis or the time of
patency without secondary procedure.

The patient demographic and clinical factors
were tabulated along with the graft features and
angiographic findings. Baseline characteristics were
compared using the Student t-test for continuous
variables, and Fisher exact test for categorical variables.
Post-intervention access patency rates were estimated
by Kaplan-Meier technique and compared with the log-
rank (Mantel-Cox) test. Censoring of endpoints
occurred in the setting of death, renal transplantation,
graft resection as a result of infection, functioning AV
graft at the end of the study period, or loss to follow-
up. The Kaplan-Meier patency rates at 3 and 6 months
were stated as estimated percentage patent + standard
error in both groups. Statistical analysis was performed
by using STATA 14.0 data analysis and statistical
software (Stata Corporation, College Station, TX, USA).

Results
During the study period, 104 patients were

diagnosed with acute thrombosed dialysis graft at
Ramathibodi Hospital, Mahidol university (Fig. 1). Of
these patients, 42 were eligible and agreed to participate
in the trial. One patient who was randomized to the

intervention group was lost to follow-up at 1 month.
Patient demographic data and access characteristics
are summarized in Table 1. Median follow-up was 124
days.

The overall technical success rate of surgical
revision was 92.85% (39 of 42). Blood flow could not be
restored in 3 patients. Intra-operative fistulogram
revealed that all three patients had significant intragraft
stenosis; a reduction in lumen diameter of 50% or
greater. One patient in the control group failed surgical
revision had 90% intragraft stenosis. This patient
required adjunctive balloon angioplasty to restored
access function. The reason for crossing treatment
group was based on our Institute Ethics Committee
recommendation.

The location of stenosis was demonstrated in
Table 2. The incidence of intragraft stenosis was 12/42
(28.5%). All intragraft stenosis (n = 7) in the intervention
group were treated with balloon angioplasty. Intragraft
stenoses (n = 5) in the control group were observed
except for 1 patient described above. In the present
study, we performed balloon angioplasty in 8 patients
(7 from intervention group, 1 from control group) with
100% (8 of 8) anatomic success rates after balloon
angioplasty (Fig. 2). Venous anastomotic stenoses were
treated with patching (n = 22), interposition graft or
bypass grafting (n = 19). Two patients had distal vein
outflow stenosis and one required adjunctive balloon
angioplasty to restored graft function. The overall
clinical success rate was 97.6% (41 of 42).

Overall post-intervention primary patency
rates were not significantly different between the two
treatment groups (Log Rank, p = 0.973). The overall
post-intervention primary patency rates at 3,6 month
of control and intervention group were 75% (95% CI
0.57 to 0.86), 62% (95% CI 0.43 to 0.76) and 78% (95%
CI 0.61 to 0.88),58% (95% CI 0.38-0.73), respectively

Fig. 1 Study enrollment and follow-up in the two
treatment groups.
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Characteristic   n (%)

Venous anastomosis 40 (95)
Arterial anastomosis   1 (2)
Intragraft 12 (28)
Distal vein outflow   2 (5)
Central vein   2 (5)

Table 2. The location of stenosis

Fig. 2 A) Pre-balloon angioplasty, B) Post-balloon
angioplasty.

Fig. 3 The overall post-intervention primary patency
rate.

Variable Control (n = 21) Intervention (n = 21) p-value

Patient characteristics
Age (year), mean (+SD) 56.05 (+16.3) 59.10 (+12.82) 0.504
Sex (male, %) 12 (57.4) 12 (57.4) 1.00
Diabetes mellitus (%) 23.80 33.34 0.495
Dyslipid (%) 14.29 33.34 0.147
CVD (%) 0 4.76 0.311
Previous hemodialysis catheter (%) 61.9 57.14 0.753
Previous vascular access (%) 38.1 19.05 0.172
Low cardiac output (%) 14.29 0 0.232

AV graft characteristics
Forearm 16 14 0.495
Arm 5 7

CVD = Cardiovascular disease

Table 1. Baseline characteristics of patients

(Fig. 3).
Subgroup analysis of patients with intragraft

stenosis demonstrated significantly better post-
intervention primary patency rate in the intervention
group than in the control group (Log Rank, p = 0.009).
The post-intervention primary patency rates at 3,6
month of control and intervention group were 62% (95%
CI 0.23 to 0.86), 0% and 87% (95% CI 0.38 to 0.98), 31%
(95% CI 0.04 to 0.64), respectively (Fig. 4).

Discussion
The maintenance of functional vascular

access remained an important and difficult problems

Fig. 4 The subgroup analysis of intragraft stenosis, post-
intervention primary patency rate.

for vascular surgeons who involved in the care of
end stage renal disease patients. Timely intervention
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of acutely thrombosed access is therefore mandatory
to re-establish the connection to the artificial kidney,
precluding the need for placement of temporary dialysis
catheter. Salvage of grafts, rather than early
abandonment and creation of new accesses, is
important.

Although recent evidence from the
literature(17,18) showed that outcome of endovascular
and surgical intervention for thrombosed vascular
access were comparable particularly for thrombosed
prosthetic grafts. Endovascular intervention currently
did not offer superior result and might added cost. Our
standard practice to salvaged thrombosed dialysis graft
were surgical thrombectomy with or without revision
of venous anastomoses. Surgical revision usually
extended the access further up to some extent and
offered a definite anatomical correction with superior
durability(19). Generally we did not perform routine
intraoperative fistulography whenever we could
palpated good thrills over the vein distal to the surgical
site. However, some patients had early re-thrombosis
with our standard approach.

The incidence of intragraft stenosis in
thrombosed dialysis graft was 28.5% (12 of 42) in
our study. Intragraft stenosis was one of the causes of
technical failure of surgical revision to restored
occluded vascular graft access. All three patients who
failed surgical revision had significant intragraft
stenoses and all were successfully salvaged with
adjunctive balloon angioplasty. Our anatomic success
rate of balloon angioplasty on intragraft stenosis was
100%. One other study of balloon angioplasty on
intragraft stenosis reported the anatomic success of
85%(9).

Although the overall post-intervention
primary patency rate of both groups were not different,
in the subgroup of AV grafts with intragraft stenoses
the patency rate of the intervention group was
significantly superior to the control group.

The National Kidney Foundation Kidney
Disease Outcomes Quality Initiative(20) established
target outcome thresholds for interventions aimed at
maintaining dialysis graft patency. The target of a
clinical success rate, which defined as the ability to
use the AV graft for at least 1 HD cycle is 85%. The
guidelines call for 50% unassisted patency at 6 months
and 40% unassisted patency at 1 year of surgical
thrombectomy and revision performed on thrombosed
AV grafts. This recommendation was listed as evidence-
based for the angioplasty guideline and opinion-based
for the surgical revision guideline. In our study, post-

intervention primary patency rate exceeded target
outcomes from the guidelines, with a 62% unassisted
patency at 6 months in thrombosed AV grafts. The
clinical success rate also exceeded target outcomes,
with a 97.6% success rate after treatment of AV graft
thrombosis.

The strengths of our study included a
randomized design and the prospective collection of
outcome data by a single investigator. Nevertheless,
the present study also had limitations. One of the
limitations was small sample size in intragraft stenosis.
Another limitation was short follow-up time. The median
time of follow-up was 124 days (95% CI 126 to 291).
Therefore, we did not analyze assisted post-
intervention primary patency rate and post-intervention
secondary patency rates.

Conclusion
Intraoperative fistulography should be

performed during the surgical revision of thrombosed
dialysis graft in order to detect intragraft stenoses
because the incidence was quite high (28.5%) in this
group of patients.

Intragraft stenosis could be effectively (100%)
corrected by balloon angioplasty with no morbidity,
therefore resulted in prolong vascular access life.

What is already known on this topic ?
Acute thrombosis is a common complication

of hemodialysis vascular access. The most common
cause of thrombosis is venous anastomotic stenosis,
58% to 90% of the patients. However, the incidence of
intragraft stenosis is around 2 to 28%.

The traditional treatment is surgical
thrombectomy and selective local revision. In our
center, we perform surgical thrombectomy and selective
local revision alone if good thrill can be observed in
the vein distal to the surgical site; no routine
intraoperative fistulography. Therefore, intragraft
stenoses can be missed in the traditional treatment.

The National Kidney Foundation Kidney
Disease Outcomes Quality Initiative has established
target outcome thresholds for interventions aimed at
maintaining dialysis graft patency. The guidelines call
for 50% unassisted patency at 6 months and 40%
unassisted patency at 1 year if surgical thrombectomy
with revision is performed in thrombosed AV grafts.

What this study adds ?
All thrombosed dialysis graft patients

showed 28.5% incidence of intragraft stenosis.
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Adjunctive balloon angioplasty, which
demonstrated 100% anatomical success rate, increases
the post-intervention primary patency rate in
thrombosed dialysis graft with surgical revision. In the
present study, post-intervention primary patency rate
exceeded target outcomes from the guidelines, with a
62% unassisted patency at 6 months in thrombosed
AV grafts.
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⌦⌫⌫⌫⌫
⌫⌫⌫

       ⌫    
    

 ⌫⌫⌫⌫
⌫⌦ ⌦
⌫⌫⌫
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