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Vascular access failure is known as a principal cause of morbidity of end
stage renal disease (ESRD) patients. The major reason for vascular access

failure is the neointimal hyperplasia which leads to venous thrombosis
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and stenosis. The efficacy of different pharmacological therapies has been
studied in increasing the vascular access patency duration or decreasing
the thrombosis of arteriovenous grafts or fistulas. In the current review,

we reviewed the results obtained in different randomized control trials

Keywords
Arteriovenous graft
Hemodialysis
Thrombosis

considering the efficacy of pharmacotherapy on the thrombosis rate and
duration of vascular access grafts patency in HD patients.
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Introduction

The end stage renal disease (ESRD)
patients usually undergo renal replacement
therapies and hemodialysis, prevalence of
which is increasing worldwide. Despite
the recent advances in haemodialysis (HD)
techniques there is still a considerable
mortality rate due to ESRD: almost 220

individual per 1000 patients each year
(1). The morbidity and mortality of ESRD
patients are mostly associated with the
complications related with each type of
vascular access (VA) used in hemodialysis
which lead to vascular access failure.
Different accesses vary considerably in
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terms of the cost, but they have shown
almost common complications in patients
at different rates.

Vascular access

Using a functional vascular access is a
priority in haemodialysis. The three vascular
access types commonly used in hemodialysis
are arterio-venous graft (AVG), arterio-
venous fistula (AVF), and cuffed central
venous catheter (CVC) (2). Using native
mature AVF is known as the gold standard
method especially in Europe that accounts
for almost 80% of the accesses. Increasing
the blood flow, dialysis advancement, higher
stability, lower risk of infection, clotting,
and surgical interventions requirement
are properties which increase the AVF
reputations among other available methods.
Depending on age, sex, body mass index
(BMI), availability of appropriate vascular
path, disease conditions (such as obesity,
diabetic type 2, and peripheral vascular
diseases), and failing to mature of fistula,
A-V graft or central venous catheters will be
the preferred VA (3). A-V Graft; created by a
synthetic tube connecting a vein to an artery,
and central venous catheters; associated
with inadequate solute clearance, have been
commonly used in the United States. Based
on different studies the patency rate of AVG
can be observed as low as 23% (even 4% in
some reports) each year (4-6).

Early referral of ESRD patients to ne-
phrologists, vein maintenance, performing
microsurgery, providing a skillful dialysis
team, and vessel mapping for detecting the
best access site, diagnosis of thrombosis and
stenosis of the vein are simple issues which
can improve the dialysis consequences, VA
survival rate, and decrease the complica-
tions (7-9). The VA failure is the most im-
portant cause of mortality, morbidity, and
vascular access elimination or substitution
in HD patients (10). Therefore constructing

a stable, functional VA to supply the ade-
quate blood flow for HD and decrease the
complications, is indispensable and vital for
better HD performance in ESRD patients.

Vascular access complications

Several complications may result in
vascular access loss such as infections,
sepsis, thrombosis, aneurysm, stenoses,
and ischemic events which lead to access
loss, more hospitalization, and further
costly surgical interventions requirement
to restore the access patency. Catheters
are highly susceptible to infections,
bacteremia, and thrombosis and are better
to be applied as temporary accesses in
exceptional situations. Grafts are prone to
stenosis and thrombosis. Thrombosed grafts
necessitate more surgical approaches such
as thrombectomy and angioplasty (11).

According to the previous published
literature, thrombosis of artery and vein is the
major complication in HD patients, which
is the major cause of vascular access loss
and mortality among end stage renal disease
patients (ESRD) (12). Various thrombotic
abnormalities have been detected in ESRD
patients. Platelet activation commonly
occurs in ESRD patients due to various
stimuli. Increase of P-selectin, glycoprotein
53, activated fibrinogen receptor-1, and
serum fibrinogen, have been observed in a
study of Greaves K, et al, which were among
platelet factors in thrombosis. Increase in the
number of platelets receptors (glycoprotein
IIb/IIa and glycoprotein Ib) may also lead
to thrombosis in ESRD patients (13,14).

The hemodialysis procedure and the
artificial circuit themselves, stimulate
platelet activation by exerting shear stress
and turbulence in the VA and vascular
accesses facilitate fibrinogen adhesion to
platelet. Inflammatory factors; cytokines
tumor necrosis factor-a and interleukin-6,
and extrinsic factors; uremic toxins, anemia,
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hyper-homocysteinemia, oxidative milieu,
and abnormalities of von Willebrand factor,
all promote the risk of thrombosis in ESRD
patients (15-17).

Intimal hyperplasia; which is resulted
from tissue oxidative stresses, platelet
derived growth factor, vascular smooth
muscles and myofibroblasts proliferation,
leads to stenosis and lowers blood flow
which eventually increases the possibility
of hypercoaguability, clot formation,
hypotension, and hypovolemia (14,18).
Concentration changes of some plasma
factors may also contribute in thrombosis
events, which are detailed in Table 1.

Tablel. Plasma factors contributing to thrombosis in
ESRD patients

Increased level Decreased level

d-dimers Protein C anticoagulant
activity

Prothrombin fragments Antithrombin III

1+2

Thrombin-antithrombin Protein S

complex

Tissue factor Albumin

Antiphospholipid anti-

bodies

Plasmin-antiplasmin

complex

Pharmacological therapies

Although there are some investigations
about drugs efficacies on function and
patency time of vascular accesses, mortality,
bleeding, etc. there is no definite or specific
pharmacological interventions with risk
reduction effect on thrombosis complication
in HD patients.

Since 1996, pharmacotherapy approaches
and drug including angiotensin II inhibitors,
nonsteroidal  anti-inflammatory  drugs,
coagulation modifiers, calcium channel
blockers, antiplatelet agents, coumarins,
and heparins have been used for prevention

of thrombosis in ESRD patients (19).

Ticlopidine, aspirin, dipyridimole,
clopidogrel, and sulfinpyrazone are examples
of anti-platelet drugs used in randomized
control trials to examine their effects on
vascular access patency and thrombosis.

Dipyridamole is a phosphodiesterase
inhibitor with vascular anti-proliferative
and vasodilation activities which restrain
the platelet activation through potentiating
of adenosine mechanisms, reducing the
adherence of platelet to the vessels wall
and selectively decrease the platelet derived
growth factor serum level. This is a specific
characteristic of the dipyridamole and no
antiplatelet drugs have this property (20-22).

Aspirin (acetylsalicylic acid); a non-
steroidal anti-inflammatory drug and
COX inhibitor, implicates anti-thrombotic
effects by acetylation of the platelet
cyclooxygenase (COX) at the site of amino
acid serine 529 and lead to inhibition
of platelet-dependent thromboxane A2
formation in an irreversible manner. The
dosage of administered aspirin determines
its effect as a potent inhibitor of COX 1; with
anti —thrombotic effects, or the inhibitor of
COX2; with anti-inflammatory effects. Due
to bleeding risk reported as a side effect
of aspirin, the optimum dose for aspirin
application is obtained by considering
the benefit/risk ratio of individuals (23).
Aspirin can reduce the platelet activation
through interfering in different mechanisms
such as nitric oxide (NO)/cGMP-dependent
process and increasing the NO production
in endothelial cells (24,25).

Ticlodipine and clopidogrel are ADP recep-
tor/P2Y 12 inhibitors from the thienopyridine
family which have platelet inhibitory proper-
ties. These platelet surface receptors are in-
volved in glycoprotein IIb/Illa receptor activa-
tion. These drugs have preventive effects on
ADP-induced platelet aggregation not directly
on arachidonic acid metabolism (26).
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Sulfinpyrazone is among drugs which might
prevent thrombosis mostly in combination
with other anti coagulants, but there is not
certain conclusions about the mechanism of
sulfinpyrazone interfering (27).

Fish oil, is an omega 3 fatty acid which
affects the platelet aggregation by reducing
thromboxane A2 synthesis through limiting
the availability of arachidonic acid. It is usually
used in combination with aspirin (28).

RCTs on the efficacy of aspirin, dipyri-
damole, and warfarin

Dipyridamole, aspirin (Acetylsalicylic
Acid), and warfarin are three common drugs
evaluated (separately or in combination) in
a few randomized controlled trials (RCT)
regarding their effects on VA thrombosis and
patency rate. Detailed data of these trials are
summarized in Table 2.

Besides the application of aspirin in post
surgical situations, its efficacy in inhibiting
hyperplasia is still under debate. According
to in-vitro examinations aspirin increased the
proliferation of platelet derived growth factor
induced vascular smooth cells. This was in
accordance with the study of Sreedhara et al.,
that observed an increased thrombosis rate
in patients treated with aspirin alone (50%)
compared with the groups who received no
pharmacological treatment, treated only with
dipyridamole (17%), and even treated with
the combination of dipyridamole and aspirin
(23%) (29). According to the Sreedhara
et al., by using dipyridamole alone or in
combination with aspirin a reduction in the
thrombosis rate and vascular access patency
(more than 70%) have been observed in
patients with primary AVG. Administered
dipyridamole alone or dipyridamole plus
aspirin did not show any beneficial effects
on patency duration of secondary AVG. The
results obtained in the study of Sreedhara et
al. were not statistically significant; which
might be due to low number of patients. It

is suggested that applying the combination of
low doses aspirin with dipyridamole can be
more beneficial than the aspirin alone (29,30).

In another RCT by Bradley et al. extended
release dipyridamole plus low dose aspirin
(ERDP/ASA) had a significant but modest
effect on increasing the duration of primary
A-V graft patency and reducing the vascular
stenosis. The authors in Bradley et al. study
believed that for parimary A-V grafts
dipyridamole with or without aspirin would
be more effective in regulating the stenosis
and access patency (31).

Results of some studies were in contrast
with Sreedhara, et al. about the efficacy of
aspirin, and have proposed that aspirin has
considerable anti-platelet activity. They
proposed that using low doses of aspirin
is associated with the decreased platelet
adhesiveness, thrombosis incidence of
A-V fistula or graft, and increased patency
duration of primary A-V graft, but not the
mortality rate and cumulative A-V graft
patency (32,33).

Aspirin administration to patients with
uremic manifestation and abnormal platelet
function was associated with gastrointestinal
bleeding. Harter in 1979 showed that low
dose of aspirin (160 mg per day) is the
optimum dosage in men which reduces the
risk of thrombosis (32,33). Cardiac events,
gastrointestinal bleeding, headache, nausea,
and vomiting are different adverse effects
observed in patient receiving dipyridamole
and aspirin (separately or in combination),
which might be due to patient’s prior history
of the observed side effects or high dosage
of the drugs.

Using warfarin which was examined by
Crowther, not only showed no beneficial ef-
fect on A-V graft failure but also patients
were at high risk of hemorrhage (gastroin-
testinal bleeding, cerebral haemotoma, and
femoral artery injury) (34). Crowther et al.
mentioned that although vascular access
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failure did not improved by using warfarin,
the time of graft loss was increased in pa-
tients. This trial was stopped due to severe
side effects. The possibility of warfarin ef-
ficacy in reducing early graft loss needs to
be more investigated (34).

As shown in Table 2, different RCTs
showed discrepant results. This can be due

to heterogeneity among studies.

For example, the patency duration of A-V
grafts and fistula following administrating
different pharmacotherapies was evaluated
by detecting the presence of thrombosis,
through mechanisms such as touching and
using stethoscope, dialysis needle, doppler
technique, physical removal of thrombosis,

Table 2. Characteristics of the RCTs

Author Country Interventions, participants Evaluated Major results
Year outcomes
Reference

Harter United State ~ Aspirin 160 mg (1pd) vs. Primary Graft Thrombosis

1979 lacebo Thrombosis In aspirin arm: 6/19
months follow up In placebo arm: 18/25

(33) OR: 0.18

95% CI (0.05 to 0.66)

Bradley United State Dié)quamolﬂAspin'n (ERDP/  Primary AVG Loss of primary unassisted patency:
2009 ASA) Thrombosis & (ERDP/ASA): 256/321 vs. placebo:
200 mg+25 mg, (2 pd) Loss of primary
GD unassisted 274/328
patency HR™:0.82

95% CI: (0.68-0.98)

Thrombosis: (ERDP/ASA):127/321 vs.
placebo: 139/328

HR: 0.84

95% CI:(0.65-1.08)

“ERDP/ASA: Extended release dipyridamole plus low dose aspirin; “"HR: Hazard Ratio;
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edema, and ease of cannulation (29,32,33,
35). Duration of drug exposure, dosage,
mechanism of delivery, and number of

Complications of vascular access in hemodialysis
(HD)--aged vs adult patients. Geriatr Nephrol Urol.
1998;8:21-24.

. ) ] ) 4. Miller PE, Carlton D, Deierhoi MH, et al. Natural
examined patients differs in the RCTs history of arteriovenous grafts in hemodialysis
mentioned in Table 2 and can contribute to patients. Am J Kidney Dis. 2000;36:68-74.
the discrepant findings. 5. Chemla ES, Morsy M. A European perspec-

tive on the Dialysis Access Consortium (DAC)

. study regarding the effects of clopidogrel on

COIIC]IJ.SIOII . . early failure of arteriovenous fistulas for hemo-
according to the RCTs reviewed in dialysis. J Vasc Access. 2008;9:229-230.

such as aspirin and dipvradimole or their access in europe and north america: are we

o p py ] on the same path? Semin Intervent Radiol.
combination, may result in beneficial effects 2009:26:96-105.
regarding vascular access longevity for short 7. Astor BC, Eustace JA, Powe NR, et al. Timing
term duration in ESRD. However, there is not of nephrologist referral and arteriovenous access

. . use: the CHOICE Study. Am J Kidney Dis.
any certain conclusion on the effects of long- 5001:38:494-501
term pharmacotherapy of ESRD patients 8. Bourquelot P. Vascular access in children: the im-
with AVG or AVF. It is not obvious whether portance of microsurgery for creation of autologous
the combination of dipyridamole and aspirin arteriovenous fistulae. Eur J Vasc Endovasc Surg.
will be more effective than aspirin alone on 2006.’32'696'700'
9. Davidson I, Chan D, Dolmatch B, et al. Duplex
the graft patency. ultrasound evaluation for dialysis access selection
Due to noticeable discrepancy among and maintenance: a practical guide. J Vasc Access.
RCTs mentioned in our review, there is a 2008;9:1-9.
. L. 10. Woods JD, Port FK. The impact of vascular access
need for more investigations on the efficacy o : -

. o for haemodialysis on patient morbidity and mor-
of pharmacological agents such as aspirin, tality. Nephrol Dial Transplant. 1997;12:657-659.
in improving the vascular access patency. 11. Allon M. Current management of vascular access.

Clin J Am Soc Nephrol. 2007;2:786-800.
12. Smits JH, Van der Linden J, Blankestijn
Acknowledgement o PJ, et al. Coagulation and haemodialysis
We would like to thank Clinical Research access thrombosis. Nephrol Dial Transplant.
Development Center of Ghaem Hospital for 2000;15:1755-1760.
their assistant in this manuscript. This study 13. Thijs A, Nanayakkara PW, Ter Wee PM, et al.
was supported by a erant from the Vice Mild-to-moderate renal impairment is associ-
Pp yasg ated with platelet activation: a cross-sectional
Chancellor for Research of the Mashhad study. Clin Nephrol. 2008;70:325-331.
University of Medical Sciences for the 14. Weiss MF, Scivittaro V, Anderson JM. Oxidative
research project as a medical student thesis stress and increased expression of growth factors in le-
with approval number of 900813 sions of failed hemodialysis access. Am J Kidney Dis.
’ 2001;37:970-980.
. 15. Horowitz HI. Uremic toxins and platelet function.
Conflict of Interest Arch Intern Med. 1970;126:823-826.

The authors declare no conflict of interest. 16. Schiffrin EL, Lipman ML, Mann JF. Chronic kidney
disease: effects on the cardiovascular system. Circula-
tion. 2007;116:85-97.

References o 17. SongIS, Yang WS, Kim SB, et al. Association of plas-
1. Eggers PW. Has the incidence of end-stage ma fibrinogen concentration with vascular access fail-
renal disease in the USA and other countries ure in hemodialysis patients. Nephrol Dial Transplant.
stabilized? Curr Opin Nephrol Hypertens. 1999:14:137-141.
2011;20:241-245. _ 18. Lilly RZ, Carlton D, Barker J, et al. Predictors of
2. SantoroA,. Can.ova C, Freyrie A, etal. Vascular access arteriovenous graft patency after radiologic inter-
for hemodialysis. J Nephrol. 2006;19:259-264. vention in hemodialysis patients. Am J Kidney Dis.
3. Grapsa EJ, Paraskevopoulos AP, Moutafis SP, et al. 2001;37:945-953.
Rev Clin Med 2014; Vol 1 (No 4) 181

Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



Ravari H et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

182

Saran R1, Dykstra DM, Wolfe RA, et al. Associ-
ation between vascular access failure and the use
of specific drugs: the Dialysis Outcomes and Prac-
tice Patterns Study (DOPPS). Am J Kidney Dis.
2002;40:1255-1263.

Gamboa A, Abraham R, Diedrich A, et al.
Role of adenosine and nitric oxide on the
mechanisms of action of dipyridamole. Stroke.
2005;36:2170-2175.

Groves HM, Kinlough-Rathbone RL, Cazenave
JP, et al. Effect of dipyridamole and prostacy-
clin on rabbit platelet adherence in vitro and in
vivo. J Lab Clin Med. 1982;99:548-558.
Takehara K, Igarashi A, Ishibashi Y. Dipyridamole
specifically decreases platelet-derived growth
factor release from platelets. Thromb Res Suppl.
1990;12:73-79.

Schror K. Aspirin and platelets: the antiplatelet
action of aspirin and its role in thrombosis
treatment and prophylaxis. Semin Thromb Hemost.
1997;23:349-356.

Lopez-Farre A, Caramelo C, Esteban A, et al.
Effects of aspirin on platelet-neutrophil interactions.
Role of nitric oxide and endothelin-1. Circulation.
1995;91:2080-2088.

Bolz SS, Pohl U. Indomethacin enhances
endothelial NO release--evidence for a role
of PGI2 in the autocrine control of calcium-
dependent autacoid production. Cardiovasc Res.
1997,36:437-444.

Ashida SI, Abiko Y. Mode of action of
ticlopidine in inhibition of platelet aggregation
in the rat. Thromb Haemost. 1979;41:436-449.
Kaegi A, Pineo GF, Shimizu A, et al. The
role of sulfinpyrazone in the prevention of
arterio-venous shunt thrombosis. Circulation.

28.

29.

30.

3L

32.

33.

34.

35.

1975;52:497-499.

Irish A, Dogra G, Mori T, et al. Preventing AVF
thrombosis: the rationale and design of the
Omega-3 fatty acids (Fish Oils) and Aspirin in
Vascular access OUtcomes in REnal Disease
(FAVOURED) study. BMC Nephrol. 2009;10:1.
Sreedhara R, Himmelfarb J, Lazarus JM, et al. An-
ti-platelet therapy in graft thrombosis: results of a pro-
spective, randomized, double-blind study. Kidney Int.
1994;45:1477-1483.

Sanz G, Pajaron A, Alegria E, et al. Prevention of
early aortocoronary bypass occlusion by low-dose
aspirin and dipyridamole. Grupo Espanol para el Se-
guimiento del Injerto Coronario (GESIC). Circulation.
1990;82:765-773.

Dixon BS, Beck GJ, Vazquez MA, et al. Effect of
dipyridamole plus aspirin on hemodialysis graft
patency. N Engl J Med. 2009;360:2191-2201.
Andrassy K, Malluche H, Bornefeld H, et al.
Prevention of p.o. clotting of av. cimino fistulae
with acetylsalicyl acid. Results of a prospective
double blind study. Klinische Wochenschrift.
1974;52:348-349.

Harter HR, Burch JW, Majerus PW, et al
Prevention of thrombosis in patients on
hemodialysis by low-dose aspirin. N Engl ] Med.
1979;301:577-579.

Crowther MA, Clase CM, Margetts PJ, et al. Low-
intensity warfarin is ineffective for the prevention
of PTFE graft failure in patients on hemodialysis:
a randomized controlled trial. J] Am Soc Nephrol.
2002;13:2331-2337.

Grontoft KC, Larsson R, Mulec H, et al. Effects
of ticlopidine in AV-fistula surgery in uremia.
Fistula Study Group. Scand J Urol Nephrol.
1998;32:276-283.

Rev Clin Med 2014; Vol 1 (No 4)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



