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Background: To investigate the efficacy, safety, and patency following treatment of wall-adherent thrombus in

hemodialysis vascular access with a wall-contact device, the Arrow-Trerotola percutaneous thrombolytic device (PTD).

Methods: We retrospectively reviewed an existing database of procedures fulfilling the following criteria:

thrombosed hemodialysis access, wall-adherent thrombus, and use of PTD for mechanical thrombectomy. Data on

immediate success, complications, and patency were collected from medical records, dialysis records, and

angiographic reports.

Results: Ninety-three patients with 108 episodes of vascular access thrombosis were included in the study.

Fifty-three of the procedures were performed on native fistulas, and 55 were on synthetic grafts. Anatomical and

clinical success was achieved in 97% and 96% of the procedures, respectively. The average procedure time was 52 �

23 minutes. Complications occurred in three of the procedures (2.7%), but none of these complications were

device-related. The primary patency rates in the native fistula group were 57% and 42% at three and six months,

respectively. The primary patency rates in the synthetic graft group were 40% at three months, and 27% at six

months. The secondary patency rates at six months were 91% in the native fistula group, and 93% in the synthetic

graft group.

Conclusions: Our results show that a wall-contact mechanical device, PTD, is effective and safe for endovascular

removal of wall-adherent thrombi in hemodialysis vascular access in both native fistulas and synthetic grafts.
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INTRODUCTION

For patients undergoing hemodialysis, vascular ac-

cess thrombosis remains a major contributor to morbid-

ity and hospitalization.
1,2

Traditionally, clotted vascular

accesses have been salvaged by surgical thrombectomy:

incision of the graft with a Fogarty balloon throm-

bectomy catheter and revision as necessary. In the past

two decades, a growing number of endovascular tech-

niques have been introduced to dissolve, fragment,

macerate, or aspirate thrombus from the occluded ac-

cess, including local infusion of thrombolytics, balloon

declotting, catheter aspiration, and the use of mechani-

cal devices. Such techniques have produced equivalent

results to that of surgery.
3,4

Among these endovascular methods, percutaneous

mechanical devices have emerged as a means of rapidly

cleaning clots from the occluded vessel while eliminat-

ing the need for thrombolytics. Mechanical devices, ei-

ther using a wall-contact mechanism or a non wall-
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contact mechanism, are effective for debulking fresh

thrombus.
5

However, a substantial portion of patients

may present late for a thrombectomy attempt. Thrombi

in these late presentations may have become orga-

nized, fibrotic and tightly adherent to the vessel wall,

making them resistant to balloon declotting or cathe-

ter aspiration. Currently, only one study has specifically

evaluated the efficacy of mechanical devices for the

removal of wall-adherent thrombus.
6

In addition, the

effect of wall-contact mechanical devices has not been

reported in Taiwan or in other Asian populations. Ac-

cordingly, the aim of our study was to report our sin-

gle-center experience of using a wall-contact device,

the Arrow-Trerotola percutaneous thrombolytic device

(PTD), to remove wall-adherent thrombi in hemodialysis

vascular access.

MATERIALS AND METHODS

Study design

We performed a retrospective study from July 2010

to June 2012 using an existing database in our institu-

tion. Ethics approval was not required from our institu-

tional review board for this type of retrospective study,

but written informed consent was obtained from each

patient receiving the thrombectomy procedures as well

as other transluminal angioplasty procedures. Data on

procedures collected from the hospital database ful-

filled the following inclusion criteria: (1) thrombosed

vascular access, (2) wall-adherent thrombus, and (3)

PTD used for thrombectomy. In our hospital and nearby

hemodialysis centers, patients with suspected vascular

access thrombosis are first referred to our angiographic

unit for endovascular salvage rather than surgical th-

rombectomy. A conventional percutaneous salvage

technique using balloon maceration and sheath aspira-

tion is first attempted. In our institution, mechanical

thrombectomy devices are used only for vascular access

with a large clot burden (with a risk of significant pulmo-

nary embolism) or wall-adherent thrombus (causing

compromised flow or anatomical failure). Wall-adherent

thrombus was defined as thrombus that was resistant to

repeated balloon maceration and sheath aspiration.

Declotting was attempted only in instances of compro-

mised blood flow or a stenosis diameter of more than

30%. All procedures fulfilling the above criteria were in-

cluded on an intention-to-treat basis. Demographic data,

access characteristics, and procedure details and follow-

up data were obtained from medical records, angiography

and angioplasty reports, and hemodialysis records.

Endovascular techniques

For nine patients without total thrombosis of vas-

cular access, a standard angioplasty technique was ap-

plied through a patent segment of the access. The re-

maining 99 patients with total thrombosed access were

salvaged by the modified Beathard’s “double sheath

technique” in that arterial thrombectomy is performed

first.
7

The procedure was initiated by placing two 7-F

sheaths (Terumo, Tokyo, Japan) within the access: the

first one near the venous anastomosis or a patent vein

segment directed toward the arterial inflow; the second

one was placed near the arterial anastomosis directed

toward the venous outflow. After successfully traversing

the occluded segment and crossing the arterial anasto-

mosis, the arterial plug was then dislodged by forceful

withdrawal of the inflated (at 2 atm) balloon catheter

from the arterial anastomosis to the venous sheath.

Thrombi dislodged within the access segment were re-

peatedly aspirated via the sheath as much as possible.

After forceful pulsation was achieved, the same proce-

dure was repeated via the second sheath, directed to-

ward the venous anastomosis, to remove the thrombus

from the outflow vein to the arterial sheath. Only after

the clots were removed was the venous stenosis dilated

by standard balloon angioplasty, and a peripheral cut-

ting balloon was reserved for lesions that were only

amenable to high pressure balloon dilatation.
8,9

The

sheath was removed and the puncture site was com-

pressed manually until hemostasis was obtained. As a

general rule, heparin was not given during the proce-

dure, except for patients with large thrombi, prolonged

procedure time, or sheath to be left for dialysis after

thrombectomy. After cessation of the procedure, an

anti-platelet agent with aspirin or clopidogrel was given

routinely for three days.

Mechanical thrombectomy for persistent thrombus

When wall-adherent thrombus persisted after re-

peated passes of balloon dilatation and maceration, a

mechanical device was needed to restore blood flow or
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achieve anatomical success. During the study period,

PTD was the only mechanical thrombectomy device

available in our institution. The standard 5-F version PTD

is not an over-the-wire device and is introduced into the

clotted access through a sheath at least 5-F in diameter
10

(Figure 1). The device was advanced through the throm-

bus in the closed position and the cage deployed by re-

tracting the catheter. The rotator unit was activated to

spin the cage, which was then pulled slowly through the

adherent thrombus, fragmenting and stripping throm-

bus against the access walls. The resulting slurry was as-

pirated from the sheath after each pass of the device. As

many passes as necessary were made to remove as

much thrombus as possible. External manual compres-

sion was applied as needed to bring thrombus into con-

tact with the device when working in large veins or

aneurysmal segments. After the thrombectomy proce-

dure, balloon dilatation was used as needed for residual

stenosis or luminal irregularity. The over-the-wire (OTW)

PTD is passed through a sheath at least 7-F diameter

and tracks over a 0.025-inch guide wire. Its use is other-

wise identical to that of the standard device (Figure 2).
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Figure 1. Thrombectomy in an intra-graft segment of a thrombosed loop dialysis graft with a standard 5-F version Arrow-Trerotola percutaneous

thrombectomy device (PTD). (A) Angiogram showed thrombi in the intra-graft segment. (B) Balloon dilatation, maceration and sheath aspiration

were performed. (C) Residual wall-adherent thrombi persisted. (D) PTD was advanced, crossed and entrapped the thrombi, and then was rotated to

strap the thrombi out the sheath. (E) Final angiogram showed no residual thrombus in the graft.

Figure 2. Thrombectomy in a native outflow cephalic vein segment of a thrombosed loop dialysis graft with an over-the-wire 7-F version

Arrow-Trerotola percutaneous thrombectomy device (PTD). (A) After balloon dilatation and maceration, wall-adherent thrombi persisted in the

outflow cephalic vein. (B) The PTD was advanced via the arterial sheath via a 0.025-inch guide wire in the closed position. (C) After crossing the

thrombi, the cage was deployed to entrap the thrombi and was rotated by a motor-driven unit, and then was pulled back into the sheath. (D) The

final angiogram showed minimal residual thrombus.
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The OTW device has been approved by the U.S. Food

and Drug Administration for use in native fistulas, and

use of the standard device was off-label.

Follow-up after thrombectomy

The patients from our institution were followed at

our hemodialysis units. The patients from outside satel-

lite hemodialysis centers were referred to our angio-

graphic unit based on the following criteria: decreased

or absent thrill, increased pulsation, development of

collateral veins, limb swelling, difficulty in cannulation,

prolonged bleeding after hemodialysis, high venous

pressure during dialysis (dynamic venous pressure ex-

ceeding threshold level three consecutive times), de-

creased dialysis flow rate (total fistula blood flow less

than 500 ml/min or a 25% reduction in blood flow from

that at baseline), and an abnormal recirculation mea-

surement (> 10% using the urea-based method). When

abnormal clinical or hemodynamic parameters sug-

gested fistula dysfunction, patients were referred for

repeat fistulography and intervention as appropriate.

Definitions and statistics

Based on the reporting standard for thrombosed

vascular access from the guidelines of the Society of

Interventional Radiology (SIR), the following definitions

were used in our study.
11

Anatomical success was de-

fined as restoration of flow combined with less than

30% maximal residual diameter stenosis for any signifi-

cant underlying stenosis. Clinical success was defined as

the ability to resume normal dialysis at least once after

the intervention. Procedure time was defined as the

time interval from puncture to the final angiogram.

Post-interventional primary patency was defined as the

interval from the intervention until the next access

thrombosis or repeat intervention. Post-interventional

secondary patency was the interval from the interven-

tion until the access was surgically declotted, revised, or

abandoned. Complications were classified as major or

minor in accordance with published recommendations.
11

Major complications resulted in hospital admission,

unplanned increase in the level of care, prolonged

hospitalization, permanent adverse sequelae or death.

Minor complications resulted in no sequelae, nominal

therapy, or short hospital stay for observation. In the

analysis, each vascular access thrombosis was treated as

a separate event for patients with more than one epi-

sode of thrombosis. Kaplan-Meier analyses were used to

estimate primary and secondary patency rates. Statis-

tical analyses were performed using STATISTICA 8.0

software for Windows (StatSoft Inc., Tulsa, OK, USA).

RESULTS

From July 2010 through June 2012, 108 endovascular

procedures using PTD for mechanical thrombectomy of

wall-adherent thrombus were performed on 93 patients

(57 women and 36 men). Patient ages ranged from 24 to

88 years (mean, 63.9 years). The vascular accesses in-

cluded 46 native fistulas and 47 synthetic grafts; 78 fore-

arm accesses and 15 upper-arm accesses; 69 left-sided

accesses and 24 right-sided accesses (Table 1). Fourteen

patients underwent more than one thrombectomy pro-

cedure due to recurrent thrombosis. In all the proce-

dures, PTD was used when wall-adherent thrombus re-

mained after repeated balloon maceration or catheter

aspiration. Adjuvant pharmacological thrombolysis, cut-

ting balloon, or endovascular stenting were not used in

any of the procedures. Heparin was administered during

70 of the procedures (64.8%).

Immediate outcome

The average procedure time was 52.4 � 23.2 minutes;

61 minutes for native fistulas and 44 minutes for syn-

thetic grafts. Anatomical success was achieved in 105 of

the 108 thrombectomy procedures (97.2%). Only one

patient experienced re-thrombosis before the next di-
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Table 1. Characteristics of patients and vascular access

Total

(N = 93)

Native

(N = 46)

Graft

(N = 47)

Patients

Age (years/old) 63.9 � 13.0 63.5 � 11.4 64.3 � 14.6

Female 61.3% 56.5% 66.0%

Diabetes mellitus 54.8% 52.2% 57.4%

Hypertension 59.1% 52.2% 66.0%

Vascular access

Shunt age (months) 51.6 � 44.4 62.8 � 50.8 40.4 � 33.9

Side (left side access) 74.2% 76.1% 72.3%

Type (forearm access) 83.9% 89.1% 78.7%

Total thrombosis 91.3% 90.0% 92.5%

Values are n (%) or mean � SD.



alysis session, and clinical success was achieved in 104

of 108 procedures (96.3%). The causes of failure were

failure of clot removal in two procedures in native

fistulas and venous rupture during balloon dilatation in

the native outflow vein of a graft. Consequently, ana-

tomical success and clinical success rates were 96.2%

and 96.2% in native fistulas and 98.1% and 96.3% in

synthetic grafts, respectively.

Patency outcomes

Overall primary patency rates were 74.1%, 48.1%,

and 34.3% and overall secondary patency rates were

95.4%, 93.5%, and 91.7% at 30, 90, and 180 days, re-

spectively (Table 2). Procedures on native fistulas re-

sulted in primary patency rates of 86.8%, 56.6% and

41.5% and secondary patency rates of 96.2%, 94.3%,

and 90.6% at 30, 90, and 180 days, respectively (Table 2

and Figure 3). Procedures on synthetic grafts resulted in

primary patency rates of 61.8%, 40.0% and 27.3% and

secondary patency rates of 94.5%, 92.7%, and 92.7% at

30, 90, and 180 days, respectively (Table 2 and Figure 4).

Complications

Three (2.7%) complications occurred in the 108

thrombectomy procedures: one arterial embolism, one

extravasation and one venous rupture. The venous rup-

ture was due to balloon dilatation rather than the throm-

bectomy device. The arterial embolism was successfully

rescued by balloon embolectomy. Finally, the venous rup-

ture was unable to be rescued because balloon tam-

ponade failed to seal the venous rupture with a resulting

hematoma. The procedure was abandoned with recur-

rence of thrombosis. No episodes of symptomatic pulmo-

nary embolism were observed following thrombectomy.

DISCUSSION

Main findings

Our study demonstrated that a mechanical device

with a wall-contact mechanism is effective and safe in

the removal of wall-adherent thrombus in hemodialysis
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Table 2. Success, patency and complication rates

Total

(N = 108)

Native

(N = 53)

Graft

(N = 55)

Procedure time (min) 52.4 � 23.2 61.6 � 21.4 44.1 � 21.8

Success rates (%)

Anatomical success 97.2 96.2 98.1

Clinical success 96.3 96.2 96.3

Primary patency (%)

30 days 74.1 86.8 61.8

90 days 48.1 56.6 40.0

180 days 34.3 41.5 27.3

Secondary patency (%)

30 days 95.4 96.2 94.5

90 days 93.5 94.3 92.7

180 days 91.7 90.6 92.7

Complication rates (%)

Major 00.9 01.8 0

Minor 01.8 03.7 0

Values are percentages or mean � SD.

Figure 3. Kaplan-Meier curves showing post-interventional primary

and secondary patency rates following procedures on native fistulas.

Figure 4. Kaplan-Meier curves showing post-interventional primary

and secondary patency rates following procedures on synthetic grafts.



vascular access, in both synthetic grafts and native

fistulas. The secondary patency rates were high and the

primary patency rates were comparable to guideline

recommendations.
12

Clinical significance of wall-adherent thrombus

In the management of vascular access thrombosis,

residual clots are a much greater problem than in inter-

ventions in coronary or peripheral arteries, regardless

of whether surgical or endovascular thrombectomy is

used. These thrombi can remain against the vessel wall

after crushing or maceration by Fogarty balloons or

dilatation balloons. In an angioscopic study evaluating

the effect of percutaneous thrombectomy, a much

greater amount of residual thrombus was found than

revealed by angiography.
13

The ultimate destiny of

wall-adherent thrombi remains unknown. They may be

washed away into the pulmonary circulation when

blood flow is restored. Adherent thrombi that are not

washed away may be gradually degraded by the pa-

tient’s fibrinolytic system or incorporated into the

endoluminal surface. Bech et al. stress that residual

wall-adherent thrombus after Fogarty balloon proce-

dures are frequent and create an irregular surface. They

constitute a source of turbulence and platelet aggrega-

tion, thereby facilitating re-thrombosis.
14

However, the

impact of these wall-adherent thrombi has not been

proven in clinical studies.

Methods to remove wall-adherent thrombus

Before the development of mechanical devices,

thrombolytic agents, balloon techniques and aspiration

catheters were the only means of removing wall-ad-

herent thrombus. However, a significant portion of

thrombus may remain within the access despite use of

these modalities, especially in hemodialysis vascular

accesses. One reason is that the size of the catheters is

relatively small compared to the diameter of the vas-

cular access. In addition, thrombectomy may be delayed

for days to weeks as dialysis can be continued via a

temporary catheter or a collateral vein. These thrombi

then became organized, fibrotic and incorporated into

the vessel wall, making them resistant to crushing or

aspiration. A variety of mechanical devices have been

developed to debulk fresh thrombus, either via a non

wall-contact mechanism (such as the AngioJet system)

or a wall-contact mechanism (such as the PTD).
5

In our

review of the literature, only one mechanical device, the

“Mesh Basket”, has been evaluated specifically in regard

to wall-adherent thrombus.
6

PTD is a relatively simple

procedure that can be performed by any interventionist

experienced with endovascular therapy of hemodialysis

vascular access. In our institution, a practitioner could

independently operate this device after less than five

supervised PTD-using procedures.

In Taiwan, only two types of mechanical throm-

bectomy devices are available: the PTD catheter and the

AngioJet system. The PTD catheter operates by a basket

that is expanded to be in contact with the vessel wall. Af-

ter trapping the thrombus in the basket, rapid rotation of

the PTD up to 3,000 rpm will fragment the thrombus and

strip the thrombus from the vessel wall. The stripping ac-

tion of PTD can be further enhanced by manual compres-

sion, resulting in better contact with the thrombus. The

efficacy of wall-contact devices is supported by an

angioscopic study showing that wall-contact devices left

less residual thrombus than hydrodynamic devices.
15

Initial success

Only one small study has specifically evaluated the

feasibility of a mechanical device (mesh-basket) for

declotting wall-adherent thrombi in vascular access.
6

Most studies evaluating mechanical devices have in-

cluded procedures performed on both fresh thrombus

and wall-adherent thrombus.
3,4

Therefore, the charac-

teristics of clots in such studies are different from those

in our current study. Our technique success rate is the

highest among available declotting techniques, which

can range from 73-95%.
3

Our success rate for native fis-

tulas is even higher than previous studies, which have

varied from 73-79%.
4

For synthetic grafts, Dolmatch et al. reported a pro-

cedure time of 72 min using a Cragg thrombolytic brush

in combination with urokinase, and Trerotola reported a

procedure time of 75 minutes using the PTD.
10,16

The

procedure times in the above studies were more time-

saving than devices using an aspiration mechanism,

such as the aspiration catheter (1.5-2.5 hours, Turmel-

Rodriguez et al.) or the AngioJet system (82 min, Wu et

al).
17-19

According to an analysis of a large body of data

from the USA, the average procedure time for fistula

declotting was 88 � 42 minutes, which is significantly
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longer than that for grafts.
20

Only patients with wall-

adherent thrombus were selected in our study, which

differs from previous studies where variable presenta-

tions of thrombosis have been included.

Safety

One of the concerns regarding wall-contact devices

is the risk of injury to the vessel wall. Previous studies

using PTD have demonstrated a comparable local com-

plication rate to non wall-contact devices.
8

The results

of our study confirm the safety of wall-contact devices

in clearing wall-adherent thrombus, both in synthetic

grafts and native vessels. More importantly, the compli-

cations of vessel rupture and extravasation that oc-

curred were not directly related to the device, but

rather were due to balloon dilatation or wiring. Whe-

ther the observed complication of arterial embolism

was related to the PTD is not clear, as multiple devices

were passed through the anastomosis during the proce-

dure. Another safety concern is the risk of acute pulmo-

nary embolism. In our study, no patients experienced

symptomatic acute pulmonary embolism. Similarly,

acute symptomatic embolism has rarely been reported

in previous studies of mechanical thrombectomy, either

in grafts or native vascular access.
21

The long term cardiopulmonary safety of endo-

vascular mechanical thrombectomy has been proven by

a retrospective study.
22

Another concern regarding

long-term effects is the interaction between the device

and the vessel wall. The wall contact-feature and strip-

ping action of PTD may cause endothelial injury, leading

to an unfavorable impact on patency. Nonetheless, PTD

has been shown to be no more injurious than a Fogarty

catheter in terms of intimal injury in animal models.
23,24

In addition, a recent study has shown that long-term

patency rates did not differ between thrombectomy de-

vices using a wall-contact mechanism and those using a

non wall-contact mechanism.
25

Patency

The patency rates in our series are within the range

of previous reports for the percutaneous salvage of

thrombosed native fistulas or synthetic grafts. Our 6-

month primary and secondary patency rates for native

fistulas are comparable to previous studies.
26-28

Our

three-month patency rate meets the recommended

threshold provided by the National Kidney Foundation

Kidney Disease Outcomes Quality Initiative (NKF KDOQI)

guidelines.
12

These results echo the common belief that

patency after therapy of thrombosed vascular access is

more dependent on the subsequent intervention re-

quired to treat the inciting lesion rather than the method

of thrombectomy used. In addition, our results provide

evidence that counters the concern that endothelial in-

jury from wall-contact devices may cause an unfavorable

impact on patency outcomes.

Limitation

The primary limitation of our study is its retro-

spective nature. Second, the number of patients in our

study was relatively small. Third, follow-up in this series

may not be perfect because of its retrospective nature.

Fourth, asymptomatic pulmonary embolism after th-

rombectomy procedures may not be easily found. And

finally, in contrast to residual stenosis and intra-graft

pressure gradient, the impact of wall-adherent thrombi

on the outcome of vascular access remains unknown.
29

CONCLUSIONS

Endovascular declotting of wall-adherent thrombus

with a wall-contact device is effective and safe for the

treatment of thrombosed hemodialysis vascular access,

in either synthetic grafts or native fistulas.
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