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Abstract

Background: The present study aims to evaluate the effectiveness of ultrasound-guided percutaneous alteplase (t-PA) injection
for the treatment of long segment ( >14cm) thrombi in the efferent veins of native arteriovenous fistulas in hemodialysis patients.

Methods: A total of 9 patients who underwent t-PA application under ultrasound guidance in the interventional radiology clinic
between 2019 and 2021 were included in the study. During the intervention, information such as thrombosed segment length,
t-PA dose, number of sessions, presence of aneurysmal segment, bleeding after the intervention and the need for percutaneous
transluminal angioplasty (PTA) were recorded. Restoring the flow in the fistula was considered the successful outcome. All
statistical evaluations were performed with the IBM SPSS Statistics 21 software (version 21.0; SPSS Inc, Chicago, Illinois) for
Windows.

Results: Mean age of the patients was 48.7+14 years, the fistula age was 28.7+11 months, the thrombosis age was 3.5+2 days, and
the thrombosed segment length was 17.7+2.9 cm. Post-intervention bleeding that did not require treatment was encountered in
2 patients, and stenosis in the proximal fistula was encountered in 6 patients. PTA was applied to 7 patients after t-PA. After the
interventions, effective flow was provided in all patients.

Conclusion: Ultrasound-guided percutaneous t-PA injection should be considered as an effective intervention which is less
invasive, can be performed as an outpatient intervention and has fewer complications, even if the thrombi segments are long (>10
cm). This technique avoids the potential endothelial damage and saves the cost of the mechanical devices.
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INTRODUCTION

Arteriovenous (AV) fistula, AV graft and tunneled
hemodialysis catheters are used for hemodialysis
applications(1,2). Complications such as venous aneurysm,
infection, skin necrosis, steal syndrome, thrombosis
and stenosis are encountered in patients who undergo
arteriovenous fistula applications (3). The National
Kidney Foundation Disease Outcomes Quality Initiative
recommends that fistulas be preferred over grafts, as they
have lower complication rates (4). However, thrombosis
is a common complication of AV fistulas. Intimal rupture
in the fistula triggers thrombocyte aggregation and causes
thrombosis (5). Methods such as surgical thrombectomy,
thromboaspiration and thrombolytic agents like t-PA are
used in treatment (6, 7).

Plasmin is an enzyme that has a thrombolytic effect by
breaking the cross-links between fibrin molecules in
thrombus content. t-PA is involved in the formation of
plasmin from plasminogen. It is used as a thrombolytic
agent in the treatment of various diseases (8-10). Ischemic
stroke, myocardial infarction, pulmonary embolism, and
deep vein thrombosis are the main indications for these
drugs (8, 9, 11). The main types of t-PA are alteplase,
reteplase and tenecteplase. Nowadays, recombinant
tissue plasminogen activator(rt-PA) can be produced in
the laboratory. It has been approved by the US Food and
Drug Administration (FDA) for use in cases of thrombosis,
especially in alteplase central venous access catheters (12).
Each vial of alteplase contains 10, 20 or 50 mg rt-PA. The

reconstituted solution contains 1 mg alteplase per mL.

There are studies in the literature regarding the use of t-PA
for thrombosis in both AV fistula and grafts in patients,
who underwent hemodialysis due to chronic renal
failure. As it is minimally invasive, t-PA is administered
as a bolus from catheters placed in the fistula vein, by
slow infusion via infusion catheters or by percutaneous
injection directly into the graft (13-16). In this study,
we aimed to evaluate the results of ultrasound-guided
percutaneous t-PA injection in thrombosed native veins
for the treatment of long segment thrombi in the efferent

vein of the arteriovenous fistula.
MATERIALS AND METHODS

Patients who were treated with the diagnosis of

dysfunction due to long segment thrombosis in

hemodialysis fistula and who were admitted to our
hospital’s interventional radiology clinic between 2019
and 2021 were retrospectively reviewed. All patients who
received percutaneous t-PA injections were included in the
study. In our clinic, the diagnosis of thrombosis is made
with ultrasonography (USG) by observing the thrombus
in the fistula. Those with short segment thrombosis are
treated with for thromboaspiration and if necessary
balloon angioplasty is performed. We did not include

these patients to our study.

Patients with t-PA contraindications, such as head
trauma or stroke suffered in the previous three months,
subarachnoid hemorrhage symptoms, a history of
intracranial hemorrhage, a history of arterial interference
in the previous seven days and intracranial neoplasia
were not included in the study. Apart from these, the
patients who did not attend the control appointments
(n = 2) were excluded from the study. The remaining 9
patients (6 men and 3 women) were included in the study.
Demographic data and clinical examination findings
of the patients were obtained from the patient registry
system. In addition, information on fistula duration,
thrombosis duration, thrombosed segment length, fistula
type, applied t-PA dose, number of sessions, presence
of aneurysmal segment, bleeding after the intervention
and the need for percutaneous transluminal angioplasty
(PTA) after thrombolysis were obtained from the hospital
records (Table 1). Informed consent forms were obtained

from all patients before treatment.

Technique: In the study, alteplase injections to efferent
veins in AV fistulas were performed percutaneously with
USG guidance. All AV fistulas had dysfunction due to
occlusion. This intervention was applied in the outpatient
clinic of interventional radiology department. For the
intervention sterile field preparation in the supine position
was done; 27-gauge (G) needle and a 20cc syringes were
used (Fig 1). No local anesthetic or prophylactic antibiotics
were administered. 5-8 mg alteplase was completed up to
20 cc with physiological saline was used per session. 1-2
cc of the alteplase-saline mixture was injected into the
thrombus with 2-2.5cm intervals with USG (Logic S8, GE
(New York, USA)) guidance. The sessions were repeated
until no thrombus remained in the vein. Low molecular
weight heparin (enoxaparin sodium) was prescribed

at therapeutic dose. First dose was administered at the
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hospital after the intervention Patients were followed
up in the hospital for 2 hours after the intervention for
observation. During discharge, patients were warned
about not using their upper extremity with the AV fistula

to prevent bleeding.

Figure 1: Injection of TPA into the thrombus

On the second day after the intervention, patients were
called out to outpatient clinic. If residual thrombus was
detected with US the intervention was repeated in the
same fashion. After the second intervention fistulas
were checked with USG on the day after. PTA was
performed on the day when no thrombus found on
USG examination. During the period from first injection
until PTA, enoxaparin sodium was administered at the
therapeutic dose. Flow volume of >600 ml/min, and a full
dialysis session through reopened fistula considered to be

successful treatment.

Statistical method writing : Quantitative variables are
presented as mean + SD (standard deviation) in tables
and median (minimum / maximum), while categorical

variables are shown as n (%).

This study was approved by the clinical research ethics
committee of the Acibadem University (Date: 28.01.2022
number: 2022-02/08).

RESULTS

9 patients with a mean age of 48.7 + 14 (min: 32- max: 72)
were included in the study. The mean age of fistula was
28.7 + 11 months, that of thrombosis was 3.5 + 2 days, and
the length of the thrombosed segment was 17.7 + 2.9 cm.
Fistula types, t-PA dosage, and number of applications are

shown in Table 1.
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Aneurysmal segment was observed in three patients. In
two patients, bleeding occurred at the needle insertion
sites within the first 24 hours after the intervention
which is controlled with compression. Hospitalization,
additional intervention or erythrocyte replacement was

not required for these patients.

Six of the patients included in the study had stenosis (4
subclavian, 1 brachiocephalic, and 1 vena cava superior).
Two patients did not have any stenotic segment. Severe
hypotension caused thrombosis in these patients. If
present, stenoses were treated with PTA which is a very
short procedure after thrombus disappeared (2nd or
3rd day of the treatment). All patients were able to have
hemodialysis via AVFs at maximum 3 days after the first
injection of t-PA. The therapeutic dose of enoxaparin
sodium was continued until PTA was administered.
Patients, who underwent PTA, continued to receive
therapeutic dose of enoxaparin sodium for one more week
and maintenance dose for the next 3 weeks. One patient
who underwent percutaneous t-PA injection and PTA
due to central vein stenosis presented with recurrence of
fistula dysfunction in the 3rd month after the treatment.
There were no thrombi that's why PTA was performed
due to restenosis of the central vein. Another patient who
did not use enoxaparin sodium regularly was admitted to
the outpatient clinic with occlusion due to rethrombosis
17 days after the treatment. t-PA was applied by using
the same protocol but this time intervention was not
successful. The fistula was recanalized with endovascular
thrombectomy and PTA. We assume that our technique

was unsuccessful because of the old age of the thrombi.
DISCUSSION

Surgical thrombectomy and endovascular interventions
are used in the treatment of thrombosis. In the study
published by Marston et al. in 1997, surgical thrombectomy
was shown to be superior to endovascular interventions,
but urokinase was used as a thrombolytic agent in this
study (10). After recombinant t-PA (r-tPA) is produced
in the laboratories, urokinase was not the preferred
thrombolytic agent anymore because studies showed that
thrombolysis with r-tPA is more successful than surgical
thrombectomy. (7,18,19,20,21).

In a systematic review conducted in 2011, three different

r-tPA agents were compared with each other and it was
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shown that the success rate was 88% with reteplase, 81%
with alteplase, and 41% with tenecteplase (22). In our
study, we used alteplase, which has been proven to be

effective.

In addition, an advantage of endovascular interventions
is that the underlying stenosis can also be treated in
the same session (23). In our study, successful results
were obtained as a result of USG-guided t-PA injection.
Effective hemodialysis was possible after treatment in all
patients. PTA was applied for stenoses (n = 7) after t-PA.
Because no treatment for thrombus is needed during the
angiographic intervention, only PTA is performed in the

angiography room.

Thrombi older than two weeks are considered chronic
(24,25). Because fibrin crosslinks change after two
weeks and tPA actively degrades fibrin crosslinks,
chronic thrombi are resistant to thrombolytic therapies
and anticoagulation (26-28). We assume that this was
the reason of the failed procedure of the patient with

rethrombosis. The thrombus was chronic (17 days old).

Acute thrombi age and infusion time of t-PA are other
issues. In a study in which 42 thrombosed fistulas
were included, no significant correlation was found
between the younger thrombus age and the success
of the treatment. In our study, patients applied to us
after the fistula was occluded. We considered the time
elapsed from the time the fistula stopped to the time
we performed the intervention as the age of thrombus.
Based on this assumption the thrombi age in our study
is younger than 7 days. However, even if thrombus
fragments of different ages are considered in such a long
segment thrombus, it was thought that no fragment was
older than 15 days, based on the effectiveness of t-PA
(29).

In the study conducted by Regus et al. (30) in 2017,
patients were divided into two groups as short (<3
hours) and long (=3 hours) infusion times. It has been
shown that a longer infusion time provides a more
effective thrombolysis and causes fewer complications
in the long term. In this study r-TPA dose ranges 2-6mg
which is lower than ours. But the success rates are 85.7%
and 89.7% . Unlike these studies short-term application
was found to be effective in our study. However, there

was no comparison group who received infusion over

a longer period. In addition, we think that the factor that
makes it effective, despite its short duration, may be the
method of administration. In this study, thrombolytic
injection was performed directly into the thrombus
accompanied by USG without using infusion catheter or
angiography guidance. Similarly, in the study of Durmaz
et al. (13), 5-10 mg t-PA was administered as a single
injection directly into the thrombus and 100% success
was achieved. According to that study, successful results
were obtained although the lengths of thrombosed
segments of the patients included in our study were
longer. In the aforementioned studies, a total dose of 2-2.5
mg was administered. In our study, a total dose of 5-8 mg
t-PA was administered directly into the thrombus within
approximately five minutes. It is not possible to compare
the studies with each other due to different application

techniques.

Dose of the t-PA administered for AVF thrombosis is
variable. Schon et al. (14) studied on reducing the t-PA
dose the reduced dose found successful ranged between
0.5-7.5mg for thrombus length of 0.5cm to more than
10cm. Our doses range is 5-8 mg for thrombus longer than

10cm meaning r-tPA doses for long thrombus is similar.

In their study in 2011, Chang et al. (31) showed that low-
dose t-PA administered directly into the thrombus once
a day was at least as effective as thrombolytic infusion
treatment with a catheter in deep vein thrombosis the
application that corresponds most closely to the method
employed in our study was made in a retrospective
study of Durmaz et al. (13) in 2019. Nearly complete
success was achieved in the study in which 17 patients
were included and t-PA injection was performed in the
native hemodialysis fistula under the guidance of USG.
Unlike this study, the duration of thrombosis was less
than 2 weeks in all patients included in our study, and
the thrombosed segment length was over 10 cm in all
patients. When compared with the study of Durmaz et
al. (13), we conclude that success can be achieved in acute
thrombi, even if the thrombosed segment is over 10 cm.
The most important difference in the method used in this
study from other studies in the literature is that successful

results were obtained in long segment thrombi.

There is a need for a large series of prospective
randomized studies consisting of standard groups on

this subject. We think that it is a more economical method
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compared to the methods used in other studies because
it is not an angiographic intervention and it is a method
that is more adaptable for the patient because it does not

require hospitalization.

This study has some limitations. The method employed
was applied to patients who were not suitable for
surgical thrombectomy and who did not want to be
hospitalized and therefore could not have an infusion
catheter, and it was observed that a successful result
was obtained. The study was designed retrospectively
based on this observation. Due to the retrospective study
design, patient selection, standard patient groups and
randomization could not be made. The limited number
of samples was also a limitation in the interpretation of
the data obtained. Although patient age and fistula age
spread over a wide range create limitations in evaluating
the results, the presence of acute thrombus in all patients,
similar thrombosed segment length and standard dose
and duration of t-PA are strengths of the study. The most
important difference in this study is that the method was
applied in long segment (>10 cm) thrombi and achieved
successful results, especially when compared with studies
in the literature. This is the first study done on such long

segment thrombi.

In conclusion, ultrasound-guided t-PA injection should be
considered as it is a less invasive, effective intervention
that can be performed without hospitalization and
has fewer complications, even if the thrombi are long
segments (>10 cm) that develop in patients with native
AV hemodialysis fistula. This technique avoids the
potential endothelial damage and cost of the mechanical
devices. Moreover, it is a time saving intervention for
the interventional radiologists, helps to reduce the x-ray
exposure by shortening the time spend in the angiography

unit.
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