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Salvage of thrombosed arteriovenous fistulae of patients on 
hemodialysis: report on the experience of a Brazilian center

Manejo da trombose aguda de fístulas arteriovenosas de pacientes 
em hemodiálise: relato de experiência em um centro brasileiro

Introdução: A trombose dos acessos vas-
culares para hemodiálise é um evento 
agudo que interrompe o tratamento di-
alítico. O manejo em tempo hábil pode 
restaurar a patência do acesso, evitando 
o uso de cateteres centrais e suas compli-
cações. Objetivo: Apresentar a experiên-
cia brasileira de um centro de nefrologia 
intervencionista no salvamento de fístu-
las arteriovenosas (FAV) e próteses para 
hemodiálise. Métodos: Estudo retrospec-
tivo, avaliando as patências primária e 
secundária de 41 acessos para hemodiálise 
com trombose confirmada por ultrassono-
grafia e submetidos a salvamento por 
via endovascular. Consideramos sucesso 
clínico o uso do acesso por no mínimo 3 
sessões de hemodiálise. Os procedimentos 
foram realizados em regime ambulatorial 
por nefrologistas intervencionistas. Os pa-
cientes foram acompanhados por até 18 
meses com Doppler trimestral. Resultados: 
Foram realizados 45 procedimentos de 
salvamento em 41 acessos de 40 pacientes 
em hemodiálise por FAV ou prótese. 90% 
dos acessos abordados foram FAV, sendo 
a maioria proximais, e 10%, próteses. A 
taxa de sucesso clínico foi de 60% (27 
procedimentos). A patência primária em 
12 meses foi de 39% e a secundária, de 
52%. O gênero, presença de diabetes e lo-
calização do acesso não se correlacionaram 
significativamente com os desfechos avali-
ados. Ocorreram 3 complicações maiores 
(rotura de anastomose, hematoma grau III 
e choque anafilático). Conclusões: A maio-
ria dos acessos com trombose pode ser 
tratada, mantendo sua patência em longo 
prazo. É frequente a necessidade de inter-
venções repetidas.

Resumo

Palavras-chave: Diálise; Fístula Arteriove-
nosa; Radiologia Intervencionista; Angio-
plastia; Terapia Trombolítica; Trombose 
Venosa; Procedimentos Endovasculares.

Introduction: Hemodialysis vascular ac-
cess thrombosis is an acute event that can 
interrupt the dialytic treatment. A timely 
management can restore access patency, 
avoiding the use of central venous cath-
eters and their complications. Objective: 
To present the experience from a Bra-
zilian Interventional Nephrology Center 
(INC) in the salvage of arteriovenous 
fistula (AVF) and grafts for hemodialy-
sis. Methods: A retrospective study was 
performed to evaluate the primary and 
secondary patencies of 41 hemodialysis 
accesses with thrombosis confirmed by 
ultrasound and submitted to endovascu-
lar salvage procedures. We considered 
clinical success the use of the access for 
at least 3 subsequent hemodialysis ses-
sions. The procedures were done in an 
outpatient center by interventional ne-
phrologists. Patients were followed for 
up to 18 months with Doppler every 3 
months. Results: Forty-five salvage pro-
cedures were performed in 41 accesses 
of 40 hemodialysis patients with native 
AVF or grafts. Of these, 90% were AVF, 
mostly upper arm, and 10% were grafts. 
Clinical success rate was 60% (27 pro-
cedures). Primary patency at 12 months 
was 39% and secondary was 52%. Gen-
der of the patient, diabetes, and location 
of the access did not correlate statisti-
cally with outcomes. There were 3 ma-
jor complications (anastomosis rupture, 
grade 3 hematoma, and anaphylactic 
shock). Conclusion: The majority of 
thrombosed accesses can be successfully 
treated, maintaining its long-term pa-
tency. The need of repeated intervention 
is frequent.
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IntRoductIon

Arteriovenous fistula (AVF) is considered the access 
of choice for hemodialysis due to its lower rates of 
infectious and noninfectious complications and lo-
wer costs of treatment compared to grafts and central 
catheters.1 The thrombosis of a definitive access for 
hemodialysis, be it a fistula or graft, is an acute event 
that can interrupt dialysis treatment, with need for ca-
theter insertion if untreated. The major cause of AVF 
thrombosis is the presence of venous stenosis due to 
intimal hyperplasia, causing low flow and finally ac-
cess thrombosis.2,3 The treatment of AVF thrombosis 
can be surgical with thrombectomy or pharmacologi-
cal with thrombolytics, followed by angioplasty of the 
causative stenosis, with similar results between these 
modalities.4-9 In Brazil, there are few centers with im-
mediate access to fluoroscopy and trained personnel 
for the treatment of AVF thrombosis, and current 
management is usually the implantation of a catheter 
until the creation of a new access. This practice, in 
addition to depleting the patient’s vascular bed, seems 
to be costlier to the health care system due to a greater 
need for intervention and hospitalization in patients 
with catheters.10 We describe here the initial experien-
ce of the Interventional Nephrology Center (INC) of 
Pró-Renal Brazil Foundation in the management of 
thrombosis of vascular access through pharmacologi-
cal thrombolysis followed by angioplasty.

mAteRIAls And methods

Study deSign

This was a retrospective study using prospectively ta-
bulated data from the vascular access program of the 
INC of Pró-Renal Brazil Foundation.

Patient POPulatiOn

This INC assists approximately 700 patients of four 
chronic hemodialysis clinics, and as of March 2014, 
the center has implemented a vascular access program, 
consisting of Doppler access surveillance, venous ste-
nosis angioplasty, and pharmacological thrombolysis 
followed by angioplasty of thrombosed access.

We included 40 patients on hemodialysis with 
vascular access thrombosis who underwent pharma-
cological thrombolysis from August 2014 to January 
2017.

PrOcedureS

Salvage procedures were performed at INC in an ou-
tpatient setting, with patients being discharged on the 
same day. Access was evaluated by ultrasonography 
in the immediate preoperative period to confirm the 
diagnosis of thrombosis, and evaluate the thrombus 
extension and presence of venous stenosis. The con-
traindications to salvage were history of resistant or 
intractable stenosis in previous angioplasty and large 
thrombus volume (for example, an aneurysmatic ce-
phalic vein with thrombus filling its whole extension 
in the arm).

The procedure consisted briefly of puncture of 
the AVF, insertion of a 7F introducer by Seldinger 
technique and passage of a hydrophilic guide throu-
gh the stenosis. Next, infusion of 1 mg/mL alteplase 
(Actilyse®, Boehringer Ingelhein, Germany) via the 
catheter or by the introducer was done in the region 
near the anastomosis. Serial angiography and transo-
perative ultrasonography were performed to monitor 
thrombus resolution and the stenosis (Figure 1). After 
return of flow or partial resolution of the thrombus, 
angioplasty of the culprit lesion with a non-compliant 
balloon (Mustang®, Boston Scientific, USA) was per-
formed. As an exception, two salvage procedures we-
re guided exclusively by ultrasonography (Figure 2) 
and not by fluoroscopy.

In cases of successful salvage but with residual 
cloth or a thrombus resistant to angioplasty, pa-
tients were maintained on acetylsalicylic acid 100 
mg and clopidogrel bisulfate 75 mg until resolu-
tion of the thrombi, verified by ultrasonography 
during follow-up.

The use of hemodialysis access for at least 3 
subsequent sessions was considered a clinical 
success.

FOllOw-uP

Patients were reassessed within 15 days after 
thrombolysis and placed on quarterly Doppler ac-
cess surveillance for intra-access blood flow mea-
surement and diagnosis of stenosis. New angiogra-
phy was indicated in cases of a blood flow < 600 
mL/min or a 25% drop in relation to the baseline, 
or clinical alteration, such as difficulty in puncture 
or prolonged bleeding, associated with a diagnosis 
of stenosis > 50% on Doppler.
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Figure 1. Femoral graft thrombolysis guided by angiography. A, Contrast injection through catheter in the arterial anastomosis showing flow only 
in the femoral artery, without contrasting the graft. B and C, After alteplase infusion in the arterial anastomosis there is return of partial flow in the 
graft. D, Angioplasty of the venous anastomosis. E, Final result showing return of flow in the graft.

OutcOmeS

Access survival was evaluated by Kaplan Meier cur-
ves. Primary patency and secondary patency were de-
fined based on the most recent guidelines.11

StatiStical analySiS

The chi-square test with a significance level of 0.05 
was used to evaluate the correlation between patient 
characteristics (diabetes, gender, access site, or age 
group) with the success or failure of the procedure. 
Kaplan Meier non-parametric estimator was used for 
the survival functions, where the differences betwe-
en the survival curves were considered significant if 
p < 0.05, using the Log Rank test. Patients who died, 
underwent transplantation, switched between dialysis 
method or centers with functioning access were cen-
sored from the analysis.

Results

In the period from August 2014 to January 2017, 41 
accesses with confirmed diagnosis of thrombosis from 
40 patients undergoing hemodialysis were submitted 
to a total of 45 procedures.

Male patients comprised 62.5% of the sample; 
mean age was 57.4 ± 18.0 years. As for comorbidi-
ties, 75% of the patients had hypertension, 40% 
diabetes, 10% coronary artery disease, and 7.5% 
history of stroke. The majority of accesses were AVF 
(90%), 56% were proximal fistulas (brachiocephalic, 
brachio-median, and brachiobasilic), 34% were dis-
tal fistulas (wrist radiocephalic) and 10% were grafts. 
Thirteen accesses (28%) were less than 3 months old, 
and 84% were in use for up to 24 months. The earli-
est approached access had 3 weeks since creation and 
the oldest 51 months.

All patients presented thrombosis of the vascular 
access confirmed by ultrasonography and were sub-
mitted to pharmacological thrombolysis followed by 
angioplasty. Considering the number of procedures 
performed, 27 presented a successful thrombolysis 
outcome, 17 unsuccessful, and one presented AVF 
occlusion, precluding the progression of the mate-
rial and treatment. For outcomes calculation, the 
case with occlusion was considered an unsuccessful 
procedure, totaling 18 unsuccessful and 27 success-
ful procedures, with a success rate of 60%. Patients 
were followed for up to 18 months. The presence of 
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Figure 2. AVF thrombolysis and angioplasty guided by ultrasound (US). A, Juxta-anastomotic region US showing flow on color Doppler and 
echogenic thrombus (arrow) in the AVF. B, US showing vascular introducer inside the AVF. C, Hydrophilic guidewire passing through the thrombus 
(arrow). D, After alteplase infusion the thrombus was dissolved. US showing absence of thrombus on the stenotic region. E, F, G, Sequential 
images of balloon angioplasty. On picture F, the presence of a “waist” on the balloon (*) confirms the presence of stenosis. H, Confirmation of 
blood flow on the AVF on power Doppler. I, Intra-access blood flow quantified in 964 mL/min on spectral Doppler after procedure.
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diabetes, patient’s gender, the site of the fistula, and 
the age group did not correlate significantly with the 
procedure success.

Survival analySiS

Patients with successful and unsuccessful throm-
bolysis at baseline were included for analysis of the 
survival of the accesses. Figure 3 shows the survival 
curves for the primary and secondary patency of the 
accesses.

Figure 3. Kaplan Meier vascular access survival curves according to 
the primary patency (PP) and secondary patency (SP).

PRImARy PAtency AnAlysIs

Of the 41 fistulas, 25 presented primary patency ou-
tcome (new angioplasty, death or loss of access) in 
the period. The primary patency of the accesses, that 
is, no need for new intervention or loss of access at 
3, 6, 12, and 18 months was 53, 42, 39, and 33%, 
respectively.

SecOndary Patency analySiS

During the 18-month follow-up, 15 accesses we-
re abandoned due to failure of the initial procedure 
and 4 due to definitive access thrombosis after initial 
thrombolysis. Secondary patency, that is, functional 
accesses in use, independent of new angioplasty or 
thrombolysis at 3, 6, 12, and 18 months was 58, 55, 
52, and 52%, respectively.

If we consider only the accesses submitted to suc-
cessful initial thrombolysis, that is, 60% of the cases, 
the secondary patency at 18 months was 80.63%.

comPlIcAtIons

A total of 9 complications (20%) occurred, of which 
3 (6%) were major complications, being one grade 

III hematoma, one anastomosis rupture, and a ana-
phylactic shock; the last two with need for hospitali-
zation. There were 4 cases of grade I hematomas, that 
is, without access impairment. One patient presented 
grade III hematoma, due to perforation of the cepha-
lic arch, which was occluded. This case was managed 
with compression and suspension of the procedure, 
without need of hospitalization, but with definitive 
loss of access and need for a catheter. There was a 
case of symptomatic hand arterial embolism, wi-
th pain during the procedure, treated with infusion 
of alteplase in the radial artery and improvement of 
the symptoms, without need for hospitalization or 
functional impairment. Two patients had significant 
clinical complications, one with anaphylactic shock, 
probably due to radiocontrast infusion, requiring in-
tubation and ICU admission and another with bac-
teremia after the start of the procedure probably due 
to infected thrombus in the AVF, necessitating the 
suspension of thrombolysis. This patient did not need 
hospitalization. A case of anastomosis rupture occur-
red during early approach of a thrombus in a juxta-
-anastomotic region. This patient was approached at 
3 weeks after AVF creation and we choose to perform 
the procedure due to the absence of adequate veins to 
make a new AVF. In this case, surgery was needed, 
which was performed by the team’s vascular surgeon 
at the outpatient surgical center, the patient was kept 
hospitalized for observation. There was no functional 
impairment.

There were 3 deaths during the follow-up, how-
ever none was related to the procedures and all were 
after more than 30 days of the intervention.

dIscussIon

The experience reported here in hemodialysis access 
salvage, demonstrates that these cases can be mana-
ged by the nephrologist on an outpatient basis, provi-
ded that the necessary structure and trained staff are 
in place. The outpatient treatment strategy for access 
dysfunction is significantly cheaper than the inpatient 
strategy, leading to less missed dialysis sessions and 
less need for hospitalization.12-13

In our study, in which most accesses were native 
AVF (90%), we used the endovascular technique of 
pharmacologic thrombolysis and subsequent angio-
plasty of the venous stenosis. The literature shows a 
success rate of 76 to 94%,5-7,14–18 with a greater chan-
ce of success for distal fistulas in some studies.7,14
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Table 1 provides data from the most recent litera-
ture. In our study, there was no difference in success 
between the different types of fistulae. However, we 
achieved a clinical success rate of 60%, below the pre-
viously mentioned studies. This may be due to the le-
arning curve and to the fact that clinical success, that 
is, feasibility of hemodialysis, was considered the ou-
tcome, in contrast to the radiological success in some 
studies. However, despite the apparent lower initial 
success, our patency rates are close to other similar 
studies. In the two largest series of cases published wi-
th native arteriovenous fistulae performed at different 
centers by Nassar and Nikam, primary patency at 12 
months was achieved in 17 and 44% of cases, res-
pectively.14,15 Our primary patency at 12 months was 
39%, showing that the majority of accesses required 
reintervention. In the Nikam study, which used a te-
chnique very similar to ours, there is an important 
bias for comparison, since it included cases of acu-
te failure due to severe stenosis generating very low 
flow and preventing access use, but without thrombus 
(42%), and cases with confirmed thrombosis (58%). 
In this important study, the presence of thrombosis 
conferred a worse primary and secondary patency to 
cases submitted to salvage (HR 1.9 / 95%CI, 1.2-3), 
which may explain our inferior results, since all cases 
presented here had thrombosis confirmed by ultraso-
nography. Regarding secondary patency, our results 
at 3, 6, and 12 months were 58, 55, and 52%, respec-
tively. The literature shows secondary patency rates 
of 44 to 89% at 12 months.5,15,16,19 The interpretation 
of these data is that, in our series, more than half of 
the accesses with thrombosis and submitted to salva-
ge attempts continued to be used for up to 12 months, 
which reduces the need for central catheters.

In our study, the vast majority of cases were treat-
ed within 48 hours of thrombosis, with the later cases 
being treated after 7 and 30 days. A therapeutic win-
dow considered good is an interval of 24 to 48 hours 
after thrombosis, although there is divergence in the 
literature, with some authors showing good results 
even after this period.20,21

Access salvage techniques include surgical throm-
bectomy, endovascular thrombectomy associated with 
angioplasty of stenosis with or without thrombolytics, 
and the use of specific devices for thrombus aspiration 
and lysis of clots (Angiojet®, Boston Scientific, USA/
Arrow-Terotola®, Arrow Medical, England/Aspirex®, 
Straub Medical, Switzerland). It is agreed that almost 

all thrombosis are related to venous stenosis and that 
these should be treated in order to avoid early recur-
rence.1 In the most recently published case series, on-
ly 1% of thrombosis were not associated with any 
angiographic findings and only 3% were not related 
to stenosis.14,15 Therefore, even if a surgical thrombec-
tomy is performed, the correction of venous stenosis 
is essential. In a meta-analysis published in 2009, the 
1-year secondary patency for endovascular salvage, as 
performed by us, ranged from 50 to 89%.6 This stu-
dy compared the results of surgical and endovascular 
techniques and concluded that the two modalities are 
comparable in the treatment of graft thrombosis, with 
an advantage for long-term surgical treatment only in 
native wrist fistulas.

Of note, Turmel-Rodrigues7 found a better sec-
ondary patency at 12 months in the distal versus the 
proximal fistulae (81 vs. 50%). In our study, although 
we found a difference in secondary patency with ad-
vantage for distal fistulae, it did not reach statistical 
significance (p = 0.3012).

The importance of rescuing accesses for hemodi-
alysis was very well explained by Coentrao,10 who 
compared a historical cohort in which patients with 
vascular access thrombosis were submitted to cath-
eter implantation and new AVF creation to a group 
of patients undergoing percutaneous thrombectomy 
followed by angioplasty. After 6 months of follow-up, 
91% of the patients in the thrombectomy group were 
receiving hemodialysis through an AVF, compared to 
only 33% of the historic cohort of catheters, although 
most (22 of 24 patients) underwent a new AVF. This 
difference may also be due to the effect of saving ac-
cesses and to other factors involved after the imple-
mentation of a better care with the vascular accesses 
in relation to the historical cohort. We observed a 
similar finding in our service after the introduction 
of elective angioplasty of accesses with dysfunction 
and Doppler surveillance, which reduced the need for 
new fistulae. Furthermore, in this analysis, the author 
compared the costs of the thrombectomy versus the 
catheter approach, concluding that the costs where 
significantly higher for the second group (mean in 
USD 375 versus 706, p = 0.048), with the largest ex-
penses due to hospitalizations. In the thrombectomy 
group, the main expense was the procedure itself 
(USD 232).

In our series, minor complications occurred in 13% 
(6 cases) of the procedures and major complications 
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in 6% (3 cases). Two patients with major complica-
tions required hospitalization (4%), one due to ana-
phylactic shock and another due to rupture of the ar-
teriovenous anastomosis requiring surgery. Both were 
discharged within a few days. We have considered 
our complication rate as high, especially the major 
ones. Complication rates are higher in cases of access 
thrombolysis in relation to elective angioplasty. The 
literature shows a complication rate of up to 8.4% 
depending on the technique used.7,14,15,16,22 Several 
studies cited the performance of the procedures by in-
terventional nephrologists8,14,18,22,23–25, with complica-
tion rates similar to other specialists.

Up to the present time and to the best of our 
knowledge, this is the first series of cases of vascular 
access salvage performed by nephrologists in Brazil. 
The procedures were performed on an outpatient ba-
sis, opening the possibility of a more agile and less 
costly care system. One of the strengths of our study 
is that all thrombosis were confirmed by ultrasonog-
raphy excluding cases with only severe stenosis and 
low flow, which may possibly have a better outcome 
and better prognosis.

As negative points, this is a retrospective study, 
with a small number of patients which evaluated the 
first salvage procedures performed by our interven-
tional nephrologists, and results reflect the learning 
curve of the team.

We conclude that vascular access salvage proce-
dures can be performed by nephrologists on an out-
patient basis after specific training, reaching compli-
cation rates and long-term access patency consistent 
with the existing literature. Salvaged accesses reduce 
the need for central catheters, and possibly morbidity 
and associated costs. However, there is a frequent need 
for repeated procedures to maintain these accesses.

RefeRences

 1. NKF-K/DOQI; Vascular Access Work Group. Clinical practice 
guidelines for vascular access. Am J Kidney Dis 2006;48:S248-73.

 2. Brahmbhatt A, Remuzzi A, Franzoni M, Misra S. The molecu-
lar mechanisms of hemodialysis vascular access failure. Kidney 
Int 2016;89:303-16.

 3. Riella MC, Roy-Chaudhury P. Vascular access in haemo-
dialysis: strengthening the Achilles’ heel. Nat Rev Nephrol 
2013;9:348-57.

 4. Poulain F, Raynaud A, Bourquelot P, Knight C, Rovani X, 
Gaux JC. Local thrombolysis and thromboaspiration in the 
treatment of acutely thrombosed arteriovenous hemodialysis 
fistulas. Cardiovasc Intervent Radiol 1991;14:98-101.

 5. Boonsrirat U, Hongsakul K. Pharmacomechanical thromboly-
sis for the treatment of thrombosed native arteriovenous fistu-
la: a single-center experience. Polish J Radiol 2014;79:363-7.

 6. Tordoir JHM, Bode AS, Peppelenbosch N, van der Sande FM, de 
Haan MW. Surgical or endovascular repair of thrombosed dialysis 
vascular access: Is there any evidence? J Vasc Surg 2009;50:953-6.

 7. Turmel-Rodrigues L, Pengloan J, Rodrigue H, Ürillet G, Lataste 
A, Pierre D, et al. Treatment of failed native arteriovenous fis-
tulae for hemodialysis by interventional radiology. Kidney Int 
2000;57:1124-40.

 8. Ponce P, Carvalho T, Messias H, Neves F; Lisbon VAC In-
terventional Nephrology Team. Assessing the approach to a 
thrombosed AV graft. Semin Dial 2014;27:518-21. 

 9. Tan TL, May KK, Robless PA, Ho P. Outcomes of endovascu-
lar intervention for salvage of failing hemodialysis access. Ann 
Vasc Dis 2011;4:87-92.

10. Coentrão L, Bizarro P, Ribeiro C, Neto R, Pestana M. Percuta-
neous treatment of thrombosed arteriovenous fistulas: clinical and 
economic implications. Clin J Am Soc Nephrol 2010;5:2245-50.

11. Dariushnia SR, Walker TG, Silberzweig JE, Annamalai G, 
Krishnamurthy V, Mitchell JW, et al.; Society of Interventional 
Radiology Standards of Practice Committee. Quality Improve-
ment Guidelines for Percutaneous Image-Guided Management 
of the Thrombosed or Dysfunctional Dialysis Circuit. J Vasc 
Interv Radiol 2016;27:1518-30.

12. Sawant A, Mills PK, Dhingra H. Increased length of stay and 
costs associated with inpatient management of vascular access 
failures. Semin Dial 2013;26:106-10.

13. Kian K, Takesian K, Wyatt C, Vassalotti J, Mishler R, Schon D. 
Efficiency and outcomes of emergent vascular access procedu-
res performed at a dedicated outpatient vascular access center. 
Semin Dial 2007;20:346-50.

14. Nassar GM, Rhee E, Khan AJ, Nguyen B, Achkar K, Beathard 
G. Percutaneous thrombectomy of AVF: immediate success and 
long-term patency rates. Semin Dial 2015;28:E15-22.

15. Nikam MD, Ritchie J, Jayanti A, Bernstein OA, Ebah L, Bren-
chley P, et al. Acute arteriovenous access failure: long-term ou-
tcomes of endovascular salvage and assessment of co-variates 
affecting patency. Nephron 2015;129:241-6.

16. Moossavi S, Regan JD, Pierson ED, Kasey JM, Tuttle AB, Vach-
harajani TJ, et al. Non-surgical salvage of thrombosed arterio-
-venous fistulae: a case series and review of the literature. Semin 
Dial 2007;20:459-64.

17. Dyer J, Rosa J, Chachlani M, Nicholas J. Aspirex Thrombec-
tomy in Occluded Dialysis Access: A Retrospective Study. Car-
diovasc Intervent Radiol 2016;39:1484-90.

18. Lee HS, Park PJ. Clinical outcome of percutaneous thrombec-
tomy of dialysis access thrombosis by an interventional nephro-
logist. Kidney Res Clin Pract 2014;33:204-9.

19. Regus S, Lang W, Heinz M, Rother U, Meyer A, Almási-Sper-
ling V, et al. Time-extended local rtPA infiltration for acutely 
thrombosed hemodialysis fistulas. Hemodial Int 2018;22:31-6. 

20. El-Damanawi R, Kershaw S, Campbell G, Hiemstra TF. Suc-
cessful restoration of arteriovenous dialysis access patency after 
late intervention. Clin Kidney J 2015;8:82-6.

21. Hsieh MY, Lin L, Chen TY, Chen DM, Lee MH, Shen YF, et 
al. Timely thrombectomy can improve patency of hemodialysis 
arteriovenous fistulas. J Vasc Surg 2018;67:1217-26.

22. Beathard GA, Litchfield T; Physician Operators Forum of RMS 
Lifeline, Inc. Effectiveness and safety of dialysis vascular access 
procedures performed by interventional nephrologists. Kidney 
Int 2004;66:1622-32.

23. Cho S. The feasibility of surgical salvage of thrombosed arte-
riovenous fistula by an interventional nephrologist. Kidney Res 
Clin Pract 2017;36:175-81.

24. Ponikvar R. Surgical salvage of thrombosed native arteriove-
nous fistulas for hemodialysis by interventional nephrologists. 
Ther Apher Dial 2009;13:340-4.

25. Schon D, Mishler R. Salvage of occluded autologous arteriove-
nous fistulae. Am J Kidney Dis 2000;36:804-10.


