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ABSTRACT

Thromboangiitis obliterans (TAO) is a vascular disease that affects small and medium-sized arteries  
and veins of both upper and lower extremities. Distal ischaemic lesions and digital necrotic ulcers,  
as well as major amputation rates, among these patients are not negligible. So far, no treatment option  
has been demonstrated to be completely effective for this disease. Endothelin-1 (ET-1) has been  
increasingly associated to vascular damage. Furthermore, elevated levels of ET-1 have been proved in  
TAO patients. Thus, ET-1 receptor antagonists may be considered as a treatment option in this disease.

Consistently, initial results from open-label studies or case reports show promising efficacy of bosentan  
for treatment and prevention of digital ulcers in TAO with a favourable safety profile. In any case, bosentan 
should be further investigated in TAO patient management. To confirm initial promising findings, larger 
controlled randomised trials with a control group are needed. In the meantime, bosentan should be 
considered as a hopeful investigational agent for treating these patients.
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INTRODUCTION

Thromboangiitis obliterans (TAO) or Buerger´s 
disease is a thrombotic, occlusive, non-atherosclerotic 
segmental vasculitis that affects small and medium-
sized arteries and veins, which may involve distal 
vessel of upper and lower extremities.1 TAO usually 
occurs in people around the age of 45, and is more 
frequent in male smokers. Intermittent claudication 
and, in more advanced cases, pain at rest are the 
predominant clinical symptoms. Involvement of 
both the upper and lower extremities and the size 
and location of affected vessels help distinguish it 
from atherosclerosis. Distal ischaemic lesions, as 
ulcers, are also frequently observed. Raynaud’s 
phenomenon is present in >40% of patients with TAO 
and may be asymmetrical. Skin disorders, such as 
migrating thrombophlebitis, may be associated with 
TAO, may predate the onset of ischaemic symptoms 
caused by arterial occlusive disease, and frequently 
parallel disease activity. Although most common in 
the extremities, TAO may also involve the cerebral, 
coronary, renal, mesenteric, and pulmonary arteries. 

Clinical course is characterised by alternating 
periods of exacerbation with periods of remission. 
Angiographic studies reveal a distal and segmental 
involvement of the vasculature of the extremities. 
Recanalisation is frequently demonstrated, showing 
a typical image (corkscrew collateral vessels). 

Recently, novel pathways have been implicated in 
the physiopathology of the disease. Endothelin-1 
(ET-1) has been associated in these aetiological 
processes by provoking endothelial dysfunction, 
causing complications such as vascular damage and 
vessel occlusion.2,3

Interestingly, an impaired endothelium-dependent 
vasodilatation in the peripheral vasculature, even in 
the non-diseased limbs, has been shown in patients 
with TAO.4

ET-1 is an endothelium-derived peptide, which 
is involved in the regulation of vascular function 
under normal physiological conditions by targeting 
two transmembrane receptors (ETA and ETB).5 
On the other hand, it plays a key role in vascular 
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pathologies by exerting various deleterious effects. 
These include hypertrophy of vascular smooth 
muscle cells, cellular proliferation, fibrosis, increasing 
of vascular permeability, activation of leukocytes, 
and induction of cytokine and adhesion molecule 
expression.5 Moreover, ET-1 is the most potent 
natural vasoconstrictive mediator. In fact, it has been 
demonstrated that its exogenous administration 
in healthy volunteers produces a marked dose-
dependent reduction of the blood flow6 (Figure 1).

Elevated circulating levels of ET-1 have been 
repeatedly observed in TAO and scleroderma, as 
well as in various other pathologies of the vascular 
endothelium.7-9 An increase has been detected  
in plasma levels of ET-1 in situations of chronic or 
acute coronary ischaemia, stroke, and peripheral 
arterial disease.10,11 

Meanwhile, experimental studies in animal models 
of hypertension12,13 and atherosclerosis14 have shown 
an improvement in the endothelial function of 
large arteries, following short-term administration 
of endothelin receptor antagonists. In any case, 
these data indicate that some of the endothelin-
mediated deleterious effects on the vasculature may  
be reversible.

BUERGER’S DISEASE PATHOPHYSIOLOGY  

Effects of Bosentan

Bosentan, an oral dual ET-1 receptor antagonist, 
can exert a selective vasodilator effect on the 
diseased vascular bed in addition to its antifibrotic, 
anti-inflammatory and antiproliferative effects15  
(Figure 2). Otherwise, endothelial dysfunction is 
considered to be an early event in the onset stages  
of vasculitis, such as Buerger’s disease, and  
peripheral arterial disease.11,16 Nitric oxide (NO), 
in turn, is also involved in the homeostasis of 
endothelial function.17 An increase in ET-1 activity has 
been associated to an inhibition of NO synthesis.18 

Moreover, recent investigations have suggested  
that an improvement in endothelial function would 
be achieved by enhanced NO production.16 Thus, 
the treatment with bosentan may improve NO  
synthesis in patients with TAO due to its inhibitory 
action on endothelin receptors. Accordingly, 
several studies have shown that bosentan can 
improve endothelial function after 4 weeks of  
treatment, indirectly demonstrated by the 
increasing of the flow-mediated dilation 
(FMD) measurements in the brachial artery 

in patients with systemic sclerosis, diabetes  
mellitus, microalbuminuria, and peripheral artery 
disease11,16,19 (Figure 3).

These data allow us to hypothesise that the 
improvement of endothelial dysfunction, after 
bosentan treatment, may not only be associated 
with haemodynamic changes, anti-inflammatory 
processes, or activated-endothelium effects, but 
rather may be due to the enhancement of NO 
production following inhibition of ET-1, as has 
previously been seen in pulmonary hypertension.20  
These findings prove that the endothelin receptor 
system is an important molecular pathway that 
is directly involved in certain reversible aspects of 
vascular injury.

Efficacy of Bosentan

Bosentan efficacy has been demonstrated, with 
a favourable safety profile, in two randomised 
controlled clinical trials, RAPIDS-1 and RAPIDS-2, 
for the treatment and prevention of digital ulcers 
in patients with systemic sclerosis.21,22 These results 
suggest that it may be beneficial for the treatment 
of Raynaud’s phenomenon. Moreover, there is 
increasing evidence that bosentan exerts a selective 
vasodilator effect and anti-inflammatory effects 
in patients affected by TAO,23 comparable to such 
effects observed in connective tissue diseases.

To date, the only treatment that has been shown 
to be effective in TAO is complete abstention from 
smoking. Both clinical improvement and complete 
healing of the ulcers have been achieved in the 
majority of patients after quitting smoking. In spite 
of this, the disease progresses in up to 30%  of cases, 
finally resulting in limb amputation.24 Furthermore, 
quitting smoking is achieved in a very low number 
of these patients; inferior to 30% in most studies.23 
This unsatisfactory rate, in accordance with previous 
reports, highlights the fact that it is extremely 
difficult for patients who are heavy smokers to give 
up smoking despite having been strongly advised 
to do so, as well as having received full information 
about the benefits of quitting smoking, especially in 
terms of avoiding amputations.25

Only a few pharmacological and surgical options (of 
controversial efficacy) are available  to encourage 
healing of ulcers in TAO.26 Vasodilators, antiplatelet 
agents, anticoagulants, and corticosteroids appear 
to be of no use.26 Prostaglandin analogues are 
beneficial when administered intravenously, although 
their efficacy is controversial on oral administration. 
A randomised clinical trial of intravenous iloprost 
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versus aspirin27 has shown that the healing of ulcers 
is higher in patients who have received treatment 
with intravenous prostaglandins. In contradiction 
to this, other randomised trials have proven an oral 
formulation of iloprost not to be better than placebo 
with regard to this outcome.28 Therefore, the efficacy 
results shown by prostacyclin analogues when used 
for the management of TAO are far from satisfactory. 

Meanwhile, lumbar sympathectomy may alleviate the 
pain and improve superficial ulcers, but it does not 
prevent or reduce the ratio of amputations.26 Surgical 
revascularisation is not usually feasible because of 
the diffuse and segmental character of the disease. 
Thus, new therapeutic options with a higher efficacy 
than the current ones are clearly needed in order to 
properly manage patients affected by TAO. However, 
the low incidence and lack of effective treatments 
contribute to serious difficulties in carrying out large 
prospective studies that confirm the efficacy of 
novel therapy in this particular disease, in controlled 
randomised clinical trials.

There are few articles published regarding the 
treatment of TAO with bosentan. However, they 
have increasingly shown that bosentan therapy 
is associated with several clinical and endothelial 
function-related outcomes in patients with TAO, 
which may be promising.

The anti-inflammatory, antifibrotic and selective 
vasodilator properties of bosentan have been 
shown to alleviate pain at rest and reduce the size 
of ischaemic ulcers caused by damage mainly 
to the microcirculation.7,15,23 Recently, a single- 
centre clinical study has been published where 
12 patients (13 extremities) previously diagnosed 
with TAO received treatment with bosentan in  
a compassionate use programme.23 Bosentan  
therapy consisted of a month’s treatment with  
62.5 mg twice a day followed by a 125 mg BID 
dose after the first month. The full-dose regimen 
was maintained for the following 3 months or until 
total healing of the ulcers. Prior to the treatment 
with bosentan, 10 of 12 patients had previously 
been treated with a 21-days prostaglandin regimen, 
3 had undergone revascularising procedures and 
3 patients had a lumbar sympathectomy; all of  
those treatments with lack of success. 
Clinical improvement was observed in 12 
extremities treated (92%), while only one 
extremity required major amputation below  
the knee. 10 extremities (77%) achieved complete 
clinical therapeutic success (healing or complete 
pain relief). A minor amputation of one toe was 

performed with conservation of the extremity. 
Also, a significant statistical improvement of the 
endothelial function, assessed by means of the FMD, 
was observed. 

Several case reports have also been published in the 
literature. All of them provide information on TAO 
patients with a history of insidious necrotic ulcers 
with poor outcomes despite smoking cessation 
and conventional medical treatment, including 
intravenous prostaglandins.29-31 Their results show 
that treatment with bosentan is able to obtain a 
favourable clinical and angiographic response with 
healing of ulcers, as well as the disappearing of the 
rest pain. Furthermore, most patients remained 
asymptomatic for 6 months after treatment 
cessation. Therefore, beneficial effects of bosentan 
in TAO patients have been reported not only during 
the acute phase of ulcers and rest pain, but also to 
extend over time.

Although these results are from a small study and 
case reports and are not comparable with those 
from randomised trials, they seem to be hopeful.

A likely explanation for the bosentan 
pharmacodynamic effect on endothelial function 
has been related on its capacity of improving 
endothelial function based on the endothelial 
function impairment observed in patients with 
peripheral arterial disease in general,11 and in TAO 
patients in particular,23 after treatment. Moreover, 
an elevated serum ET-1 level has been observed in 
patients with TAO, supporting a possible mechanistic 
explanation of the clinical benefit of bosentan in 
these patients.32 Additionally, bosentan can exert a 
selective vasodilatory and anti-inflammatory effect 
on the vascular bed in patients affected by TAO, 
comparable to the effects observed in connective 
tissue diseases such as scleroderma, with the added 
complication of digital ulcers and peripheral arterial 
disease21-23,33 (Figure 3).

CONCLUSION

In summary, bosentan should be investigated 
further with regard to TAO patient management.  
The hypothesis that bosentan treatment in TAO 
patients results in an improvement of clinical, 
angiographic and endothelial function outcomes 
is supported by the results of a small pilot study 
and several case reports that have been recently 
published. However, larger prospective studies and 
comparative randomised trials are needed to confirm 
this initial evidence.
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Figure 1. Major determinants of the relationship between increased plasma concentrations of endothelin-1           
(ET-1) and endothelial dysfunction.
Figure 2. Effects of bosentan on vascular etiopathogeny.
Figure 3. Biology of the endothelin system and its receptors on endothelium and smooth muscle cells. 
The ET-A and ET-B are both present on smooth muscle cells, where they mediate vasoconstriction. 
The ET-B receptor is also present on the endothelium, where it exerts numerous effects: clearence of 
circulating endothelin, inhibition of endothelin synthesis, production of vasodilators, and production of 
vasoconstrictors. (Modified from Dupuis J. The Lancet. 2001;358:1113-4).

ET - 1

LUMEN

ENDOTHELIAL DYSFUNCTION

BOSENTAN

•	Proinflammatory cytokine
•	Fibrogenic cytokine
•	Cellular
•	Proliferative effect

   Effects
•	Antifibrotic
•	Anti-inflammatory
•	Antiproliferative

•	Selective vasodilator effect on the 
diseased vascular bed

    No sympathetic system stimulation

•	Vasoconstrictive
    Mediator effect

Dual endothelin  
Receptor antagonist

Oral administration

BIG-ET-1

Vascular endothelium

Smooth muscle cell

ET-1

ET-1

ET b

ET a ET b

Vasoconstriction 
proliferation

Vasodilation 
anti-proliferation

mRNA transcription

Fig. 1

Fig. 2

Fig. 3



 CARDIOLOGY  •  October 2013  	 EMJ  EUROPEAN MEDICAL JOURNAL 100

REFERENCES
1. Olin JW. Thomboangiitis obliterans 
(Buerguer’s disease). N Engl Med. 
2000;343(12):864-9.
2. Iglarz M, Clozel M. Mechanisms of ET-
1-induced endothelial dysfunction. J 
Cardiovasc Pharmacol. 2007;50(6):621-8.
3. Ferri C, Latorraca A, Catapano 
G, Greco F, Mazzoni A, Clerico A, et 
al. Increased plasma endothelin-1 
immunoreactive levels in vasculitis: a clue 
to the use of endothelin-1 as a marker 
of vascular damage? J Hypertens Suppl. 
1993;11(5):S142-3.
4. Makita S, Nakamura M, Murakami 
H, Komoda K, Kawozoe K, Hiramori 
K. Impaired endothelium-dependent 
vasorelaxation in peripheral vasculature 
of patients with thromboangiitis 
obliterans (Buerger’s disease). Circulation. 
1996;94(9Suppl):II211-5.
5. Thorin E, Clozel M. The cardiovascular 
physiology and pharmacology of 
endothelin-1. Adv Pharmacol. 2010;60:1-
26.
6. Clarke JG, Benjamin N, Larkin SW, 
Webb DJ, Davies GJ, Maseri A. Endothelin 
is a potent long-lasting vasoconstrictor in 
men. Am J Physiol. 1989;257:H2033–5.
7. Mayes MD. Endothelin and endothelin 
receptor antagonists in systemic 
rheumatic diseases. Arthritis Rheum. 
2003;48:1190–9.
8. Kim NH, Rubin LJ. Endothelin in 
health and disease: endothelin receptor 
antagonists in the management of 
pulmonary artery hypertension. J 
Cardiovasc Pharmacol Ther. 2002;7:9–19.
9. Schiffrin EL. Role of endothelin-1 in 
hypertension and vascular disease. Am J 
Hypertens. 2001;14:S83–9.
10. Tsui JC, Dashwood MR. A role for 
endothelin-1 in peripheral vascular disease. 
Curr Vasc Pharmacol. 2005;3(4):325-32.
11. De Haro Miralles J, Florez Gónzalez 
A, Varela Casariego C, Acin García F. 
Onset of peripheral arterial disease: role 
of endothelin in endothelial dysfunction. 
Interact Cardiovasc Thorac Surg. 
2010;10(5):760-5.
12. Barton M, d’Uscio LV, Shaw S, Meyer 
P, Moreau P, Luscher TF. ET(A) receptor 
blockade prevents increased tissue 
endothelin-1, vascular hypertrophy, and 
endothelial dysfunction in salt-sensitive 
hypertension. Hypertension. 1998;31:499–
504.
13. Spiers JP, Kelso EJ, Siah WF, Edge G, 
Song G, McDermott BJ, et al. Alterations 

in vascular matrix metalloproteinase 
due to ageing and chronic hypertension: 
effects of endothelin receptor blockade. J 
Hypertens. 2005;23:1717–24.
14. Barton M, Haudenschild CC, d’Uscio LV, 
Shaw S, Munter K, Luscher TF. Endothelin 
ETA receptor blockade restores NO-
mediated endothelial function and 
inhibits atherosclerosis in apolipoprotein 
E-deficient mice. Proc Natl Acad Sci  
USA. 1998;95:14367–72.
15. Clozel M, Salloukh H. Role of endothelin 
in fibrosis and anti-fibrotic potential of 
bosentan. Ann Med. 2005;37(1):2-12.
16. Sfikakis PP, Papamichael C, 
Stamatelopoulos KS, Tousoulis D, 
Fragiadaki KG, Katsichti P, et al. 
Improvement of vascular endothelial 
function using the oral endothelin 
receptor antagonist bosentan in patients 
with systemic sclerosis. Arthritis Rheum. 
2007;56(6):1985-93.
17. Joannides R, Haefeli WE, Linder L, 
Richard V, Bakkali EH, Thuillez C, et 
al. Nitric oxide is responsible for flow-
mediated dilatation of human peripheral 
conduit arteries in vivo. Circulation. 
1995;91:1314–9.
18. Allanore Y, Borderie D, Hilliquin P, 
Hernvann A, Levacher M, Lemarechal 
H, et al. Low levels of nitric oxide (NO)  
in systemic sclerosis: inducible NO 
synthase production is decreased in 
cultured peripheral blood monocyte/
macrophage cells. Rheumatology 
(Oxford). 2001;40:1089–96.
19. Kahaleh MB. Vascular involvement 
in systemic sclerosis (SSc). Clin Exp 
Rheumatol. 2004;22 (Suppl 33):S19–23.
20. Girgis RE, Champion HC, Diette 
GB, Johns RA, Permutt S, Sylvester 
JT. Decreased exhaled nitric oxide 
in pulmonary arterial hypertension: 
response to bosentan therapy. Am J 
Respir Crit Care Med. 2005;172:352–7.
21. Launay D, Diot E, Pasquier E, Mouthon 
L, Boullanger N, Fain O, et al. Bosentan 
for treatment of active digital ulcers in 
patients with systemic sclerosis. Presse 
Med. 2006;35:587-92.
22. Matucci-Cerinic M, Denton CP, Furst 
DE, Mayes MD, Hsu VM, Carpentier P, et 
al. Bosentan treatment of digital ulcers 
related to systemic sclerosis: results from 
the RAPIDS-2 randomised, double-blind, 
placebo-controlled trial. Ann Rheum Dis. 
2011;70(1):32-8.
23. De Haro J, Acin F, Bleda S, Varela C, 

Esparza L. Treatment of thromboangiitis 
obliterans (Buerger’s disease) with 
bosentan. BMC Cardiovasc Disord. 
2012;14:12-5.
24. Ohta T, Ishioashi H, Hosaka 
M, Sugimoto I. Clinical and social 
consequences of Buerger Disease. J Vasc 
Surg. 2004;39:176-80.
25. Puéchal X, Fiessinger JN. 
Thromboangiitis obliterans or 
Buerger’s disease: challenges for the 
rheumatologist. Rheumatology (Oxford). 
2007;46(2):192-9.
26. Jaff MR. Thromboangiitis obliterans 
(Buerguer’s disease). Curr Treat Options 
Cardiovasc Med. 2000;2(3):205-12.
27. Fiessinger JN, Schäfer M. Trial of 
iloprost versus aspirin treatment for 
critical limb ischaemia of thromboangiitis 
obliterans. The TAO study. Lancet. 
1990;335(8689):555-7.
28. The European TAO Study Group. 
Oral iloprost in the treatment of 
thromboangiitis obliterans (Buerguer’s 
disease): a double-blind, randomised, 
placebo-controlled trial. Eur J Vasc 
Endovasc Surg. 1998;15(4):300-7.
29. De Haro J, Florez A, Fernandez JL, 
Acin F. Treatment of Buerger disease 
(thromboangiitis obliterans) with 
bosentan: a case report. BMJ Case Rep. 
2009;2009.pii:bcr08.2008.0691.
30. Palomo-Arellano A, Cervigón-
González I, Torres-Iglesias LM. 
Effectiveness of bosentan in the 
treatment of ischemic lesions in a 
case of thromboangiitis obliterans  
(Buerguer’s disease): a case report. 
Dermatol online J. 2011;17(7):4.
31. Todoli Parra JA, Hernández MM, 
Arrebola López MA. Efficacy of bosentan 
in digital ischemic ulcers. Ann Vasc Surg. 
2010;24(5):690.
32. Czarnacki M, Gacka M, Adamiec R. A 
role of endothelin 1 in the pathogenesis of 
thromboangiitis obliterans (initial news). 
2004;61(12):1346-50.
33. De Haro J, Bleda S, Varela C, Esparza 
E, Lopez de Maturana I, Acin F. Abstract 
19723: Randomized comparison of 
bosentan in intermittent claudication in 
peripheral arterial disease: the clinical 
and endotelial function assessment after 
endothelin receptor antagonism (CLAU). 
Randomized controlled trial.  Circulation. 
2012;126:A19723.

www.emjreviews.com

editor@emjreviews.com

IF YOU ARE  
INTERESTED IN  
SUBMITTING A PAPER 

TO EMJ, CONTACT:

CALL FOR 

PAPERS


