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ABSTRACT

Introduction: Buerger's disease (thromboangiitis obliterans, TAO) is an inflammatory disease affecting small and medium-
sized blood vessels, primarily in the extremities. This condition leads to their gradual narrowing and occlusion, resulting in
impaired blood flow and tissue ischemia. It most often affects young adults, particularly men. It is strongly associated with
tobacco use, which is considered a key risk factor for disease development and progression. Clinical presentation includes
limb pain, intermittent claudication, ulceration, and, in advanced cases, tissue necrosis. Although treatment is primarily
centered on smoking cessation and symptom relief, recent advances in therapeutic approaches show promising potential.
Purpose: The aim of this review is to discuss Buerger's disease in the context of its pathogenesis, diagnosis, and clinical
presentation, and to analyze current therapeutic options.

Methodology: A narrative literature review was conducted in PubMed to identify studies on thromboangiitis obliterans. The
search strategy included the keywords "Buerger’s disease" (accounting for variant - "Buerger disease"), "thromboangiitis
obliterans" and "treatment". Additionally, reference lists of selected articles were screened to identify further relevant
publications. Studies published between 2000 and 2025 and directly related to the topic were included.

Conclusions: Advances in the understanding and management of Buerger’s disease have led to the development of new
therapeutic approaches. However, current evidence remains limited, and further well-designed studies are needed to establish
optimal treatment strategies and improve patient outcomes.
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1. Introduction

Buerger's disease, also known as thromboangiitis obliterans (TAO), is a non-atherosclerotic, segmental
inflammatory disease primarily affecting small and medium-sized arteries, veins, and nerves of the extremities
[1]. Additionally, the disease can occasionally affect large central or visceral arteries [2]. Buerger's disease
tends to progress rapidly, often ultimately leading to necrosis [3].

The first description of a patient with this condition was presented in 1879 by Von Winiwarter. The
name Buerger's disease is associated with Leo Buerger, who, in the early 20th century, described the
pathological changes occurring in amputated limbs in patients suffering from this condition [1]. Buerger is
also the author of the term “thromboangiitis obliterans” [4].

2. Materials and methods

This review was conducted based on a literature review from the PubMed database. The following
keywords were used: "Buerger's disease", "thromboangiitis obliterans", and "treatment". The search strategy
included different terminology variants, such as "Buerger's disecase" and "Buerger disease’’. Additionally, the
reference lists of selected articles were screened to identify further relevant studies. A total of 29 articles
published between 2000 and 2025 were included in the analysis, selecting studies relevant to issues related to
Buerger’s disease, with particular emphasis on modern treatment methods.

3. Epidemiology

Buerger's disease occurs worldwide. Its incidence is higher in the Middle and Far East compared to
North America and Western Europe [5]. The Mediterranean region and the Indian subcontinent are also areas
with a relatively high incidence of thromboangiitis obliterans [6]. Approximately 400,000 individuals in India
are affected by Buerger’s disease [7]. The incidence in the United States is estimated at 12.6—20 cases per
100,000 people [8].
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The disease primarily affects young men under 45 years of age who smoke [9]. It also affects women,
older adults, and can occur in the teenage years [10]. Although the disease is primarily associated with male
smokers, its incidence in women has been increasing over the years [11]. Historically, women constituted 1%—
2% of patients but more recent studies show that women constitute 8%—23% of patients with Buerger's disease
[9]. Despite the changing epidemiology in men and women, the course of the disease and prognosis are the
same in both sexes. The disease usually affects individuals of lower social status [6]. In recent decades, its
incidence has decreased. This is associated with a decline in smoking and improved living conditions [13].

4. Etiology, pathogenesis, histopathological picture

The etiology of Buerger's disease is unknown [14,15]. A well-documented risk factor is tobacco
smoking, which influences both the development of the disease, its course, and the onset of symptoms [16].
Even low-level cigarette consumption is sufficient to promote disease progression [7]. However, not only
tobacco smoking is associated with the development of the disease, but also chewing tobacco and smoking
marijuana [10]. It is also known that nicotine patches may contribute to maintaining disease activity [17].
Furthermore, the following factors have been suggested as underlying factors: processes related to the
functioning of the immune system, impaired, excessive blood coagulation, and endothelium-dependent
vascular relaxation [16]. It is believed that the disease may also have a genetic predisposition without a clearly
defined direct causative mutation [14]. Moreover, severe periodontal disease and chronic anaerobic periodontal
infection occur in more than half of patients with Buerger's disease and may constitute an additional risk factor
for the disease [7]. Atherosclerosis does not contribute to the development of this condition [18]. However,
the mechanism of thromboangiitis obliterans is associated with inflammation of the intima and the formation
of an inflammatory clot, which causes occlusion of the vessel in which it occurs. The inflammatory process
may extend to adjacent veins and nerves [10].

The course of Buerger's disease is divided into three phases — acute, subacute, and chronic — defined by
pathomorphological changes that reflect the subsequent stages of the disease process.

In the acute phase, a hypercellular, inflammatory thrombus and minimal inflammation are observed in
the wall of the affected vessel. Polymorphonuclear leukocytes predominate at the site of inflammation, which
can form microabscesses within the thrombus.

The subacute phase is characterized by granulomatous inflammation surrounding the
polymorphonuclear leukocytes within the microabscesses. This inflammation can lead to the organization and
recanalization of the thrombus.

The final phase is characterized by a mature thrombus with vascular fibrosis.

Unlike other vasculitides, in Buerger's disease, the internal elastic membrane remains intact throughout
all three phases of the disease [19].

5. Clinical Presentation

Clinically, patients experience a variety of symptoms, such as a feeling of coldness, burning pain,
redness, and cyanosis of the affected body parts. Numbness and tingling of the extremities may also occur [14].

Intermittent claudication is observed initially [20]. It can affect the legs, feet, hands, and arms [1,14].
This is followed by severe rest pain [20]. As the disease advances, trophic changes, ischemic ulcers, and tissue
necrosis may appear. With disease progression, proximal arteries may also become involved [16]. Often, three
or even four limbs are affected in a single patient [9]. In a single person with Buerger's disease, both normal
vascular segments and lesions of varying degrees of severity may coexist [6]. Intermittent claudication leads
to reduced function and quality of life by reducing physical activity and limiting walking. This impacts the
patient's overall psychosocial well-being [3]. Characteristic symptoms of the disease include Raynaud's
phenomenon and superficial thrombophlebitis. They occur in approximately 40% of patients with Buerger's
disease [14].

6. Diagnosis

There are several different diagnostic criteria for thromboangiitis obliterans [14]. The Shionoya criteria
are most commonly used. They include the following aspects:

- smoking history,

- disease onset before age 50,

- popliteal artery occlusion,

- upper limb involvement or migratory phlebitis,
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- absence of risk factors for atherosclerosis other than smoking [19].

Specific biomarkers have not been identified for Buerger's disease. Systemic inflammatory markers,
such as C-reactive protein, are usually normal or only slightly elevated, which is not helpful in assessing and
monitoring disease activity [6]. The path to diagnosis also relies on the exclusion of other diseases with similar
symptoms. For this purpose, numerous tests are performed to exclude conditions such as:

- autoimmune diseases (rtheumatoid arthritis, systemic lupus erythematosus, scleroderma) [18],

- hypercoagulable syndromes,

- diabetes [13],

- other forms of vasculitis [18].

It is also necessary to examine whether there is a proximal embolic focus. Echocardiography and
arteriography are helpful in this regard [13]. Transesophageal echocardiography, computed tomography
angiography and Doppler ultrasound of the lower limb arteries are useful to exclude embolic disease [6].

Angiography also has diagnostic value, as it allows for the visualization of segmental stenosis or
occlusion of small and medium-sized arteries distal to the brachial and popliteal arteries, characteristic of
Buerger's disease. The disease most often affects the palmar, radial, ulnar and digital arteries in the upper limbs.
In the lower limbs, the plantar, tibial and peroneal arteries [18]. Since Buerger's disease is likely to affect the
vessels of more than one limb, even though clinical symptoms may affect one limb, it is advisable to perform
arteriography on both limbs (upper or lower), or even all four. This is done because the absence of clinical
symptoms in a limb does not exclude its involvement by the disease [14]. Martorell's sign, also known as the
corkscrew sign, is often visible on angiography. It may reflect compensatory changes in the blood vessels but
is not pathognomonic for this disease, as it can also be observed in other autoimmune vasculitides and
connective tissue diseases [18]. In addition to angiography, it can also be visualized with MRI or a detailed
duplex ultrasound. Buerger's disease typically presents with decreased ankle-brachial or forearm-brachial
index values, although these parameters may remain normal in more distal lesions. Capillaroscopic
examination often reveals loss of capillaries and nonspecific morphological changes. If a biopsy can be
performed without risk to the limb or the material was obtained after amputation, the diagnosis can be
confirmed by histopathological examination [6].

7. Treatment

7.1 Smoking Cessation

The first and most important reccommendation in the treatment of Buerger's disease is smoking cessation.
Patients are advised to stop using all forms of tobacco [19]. Furthermore, patients should also avoid passive
exposure [6]. Pharmacological support can be provided during the smoking cessation process using substances
such as varenicline or bupropion. However, it should be noted that the use of smoking cessation products
containing nicotine may maintain disease activity [9].

Quitting smoking is the most effective intervention, while all other forms of treatment are aimed at
relieving symptoms, reducing pain, and improving patients' quality of life [20]. Moreover, continued smoking
may render other therapies ineffective [13].

7.2 Pharmacological Treatment

- Aspirin, Clopidogrel - antiplatelet drugs whose mechanism of action is to inhibit platelet aggregation
[21]. Consequently, they prevent secondary vascular events. At the same time, their direct effect on the relief
of clinical symptoms is limited.

- Verapamil — a calcium channel antagonist. It reduces vasoconstriction. It is effective in patients with
Raynaud's phenomenon [22]

- Cilostazol — a phosphodiesterase Il inhibitor. It exhibits vasodilatory effects within arteries and
inhibits platelet aggregation [21]. Additionally, it relaxes the smooth muscles of blood vessels, which helps in
the healing of ulcers resulting from ischemia. The importance of this mechanism is particularly important in
patients who are not eligible for revascularization treatment in the form of surgical procedures [22].

- lloprost — a prostaglandin analog with vasodilatory effects [7]. This substance is considered the drug
of choice [6]. In some clinical studies, its use was associated with a significant reduction in rest pain,
acceleration of the healing process of ischemic ulcers and a reduction in the risk of amputation. At the same
time, the results are not conclusive —a study of 19 patients with thromboangiitis obliterans did not demonstrate
significant improvement in wound healing after intravenous iloprost administration, either during therapy or
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at hospital discharge. Therefore, despite the potential benefits observed in some analyses, the overall efficacy
of iloprost in the treatment of Buerger's disease remains not fully satisfactory [7].

- Bosentan — a competitive antagonist of endothelin-1 at the ET-A and ET-B receptors. ET-1 constricts
blood vessels, causes vascular cell fibrosis, stimulates the production of reactive oxygen species, and
participates in the activation of transcription factors and the expression of proinflammatory cytokines
(TNFalpha, IL1, IL6). Elevated serum ET-1 levels have been observed in patients with clinically active disease
and necrotic lesions. This relationship may explain the clinical benefits of bosentan in thromboangiitis
obliterans. Despite the lack of definitive recommendations, analysis of available studies supports the use of
bosentan as second-line therapy in patients with severe, refractory Buerger's disease. Data from this study
indicate an excellent clinical response to bosentan treatment in these patients (80% of patients achieved a
complete therapeutic response with a very low amputation rate). Bosentan improves endothelial function,
improves distal circulation, and, after discontinuation of therapy with this drug, a sustained clinical response
was observed, along with a low relapse rate [23]. Furthermore, it has a vasodilating effect [21].

- Pentoxifylline — a methylxanthine derivative approved by the US Food and Drug Administration (FDA)
for the treatment of intermittent claudication. Pentoxifylline has an immunomodulatory effect by influencing
the function of leukocytes, the release of superoxides, the production of TNF, inhibiting the activation of T
and B lymphocytes and reducing the activity of NK cells. Inhibits the production of TNF-alpha and acts as an
inhibitor of already produced TNF-alpha. In addition, it influences rheological blood properties by increasing
erythrocyte deformability, reducing blood viscosity, and affecting leukocyte deformability, and possesses
antifibrinolytic activity [24].

Its multifactorial action at the cellular level ultimately leads to improved microcirculation and improved
oxygen delivery to ischemic tissues [22]. The best-confirmed effect of its action is the extension of the distance
of pain-free walking. A published meta-analysis of the efficacy of pentoxifylline in venous leg ulcers showed
that, compared to placebo, pentoxifylline significantly improved the rate of ulcer healing, shortened the mean
time to complete wound healing, and reduced ulcer size [25]. Additionally, a case report published in 2025
demonstrated the effectiveness of pentoxifylline in the treatment of skin ulcers in a patient with Buerger's
disease [22].

7.3 Hyperbaric Oxygen Therapy (HBOT)

Hyperbaric oxygen therapy involves the administration of 100% oxygen in a hyperbaric chamber at
pressures greater than atmospheric pressure. As a result, the partial pressure of oxygen in arterial blood
increases, leading to a higher concentration of oxygen in plasma and its enhanced delivery to damaged tissues.
Additionally, hyperbaric oxygen therapy increases local levels of nitric oxide and vascular endothelial growth
factor (VEGF), which are involved in angiogenesis [26].

There is also a reduction in capillary pressure, a reduction in fluid transfer through the capillary walls,
and an increase in extravascular fluid absorption, which results in reduced lower limb edema [20]. HBOT also
influences the production of nitric oxide in the bone marrow, which stimulates the release of bone marrow
progenitor cells. This leads to the formation of new blood vessels in hypoxic tissue [26]. A two-center,
retrospective, non-randomized cohort study comparing selected criteria in patients treated with hyperbaric
oxygen in addition to conventional therapy with those treated conventionally alone found that incorporating
hyperbaric oxygen therapy into conventional treatment:

- reduces the number of major amputations,

- improves the Rutherford classification,

- improves the rate of ischemic wound healing,

- improves the results of ischemic limb pain assessed using a visual analog scale (VAS). These results
were observed in both groups 10 months after initiating oxygen therapy. However, due to the limitations of
the present study (non-randomized, retrospective design, limited number of patients, short follow-up period),
further research is necessary [20].
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7.4 Surgical Treatment

The fact that Buerger's disease affects small-diameter vessels is a limitation of surgical treatment. Recent
studies have reported more favorable results after percutaneous transluminal angioplasty (PTA). They
highlight very high technical success rates and limb salvage rates. Open vascular reconstruction is
characterized by poorer results, partially due to the unavailability of suitable vein grafts [18]. The results
indicate that endovascular interventions, including plain balloon angioplasty (POBA) and drug-eluting balloon
angioplasty, in patients with thromboangiitis obliterans are associated with promising outcomes in terms of
primary and secondary patency, high rates of technical success, and considerable limb salvage [13].

7.5 Pain Relief Therapy

Pain-relieving therapy is crucial because the ischemic and neuropathic pain associated with Buerger's
disease is usually very severe [6]. In pain-reducing treatment, among others, nonsteroidal anti-inflammatory
drugs are used [27]. If standard analgesic treatment proves ineffective, it is necessary to gradually expand
therapy using more advanced methods [9]. In such cases, it is often necessary to resort to high doses of
morphine or a combination of opioids with peripheral analgesics. Antidepressant therapy is also a treatment
option [6]. If pain persists despite pharmacological treatment, interventional methods are recommended. One
of these is epidural analgesia [9]. Neuronal blockade or local analgesia can also be used. Spinal cord
stimulation also has analgesic effects. Its mechanism of action is multifaceted, as it both improves pain control
and, through the induction of sympathicolysis and antidromic mechanisms, enhances perfusion [6]. In a study
in which 29 patients underwent spinal cord stimulation, all showed improved microcirculation, especially in
those with ulcers and necrosis of the lower limbs. Additionally, no new trophic changes were observed, ulcer
healing occurred, and there was good limb survival [12]. Pain therapy specialists also play an important role
in the treatment of difficult-to-control pain [9]. Additionally, lumbar sympathectomy is a therapy that reduces
pain and improves blood flow through vasodilation. Sometimes it is considered in situations where surgical
treatment is not possible. However, a randomized clinical trial of this method in Buerger's disease showed that
it provides less benefit in terms of pain relief and wound healing than intravenous iloprost [18]. At the same
time, very little evidence indicates that intravenous iloprost is more effective than lumbar sympathectomy in
the aforementioned aspects. Therefore, the preference for intravenous iloprost over lumbar sympathectomy
(and vice versa) is not supported by strong scientific evidence for its routine use [28].

7.6 Amputation

Although the life prognosis for patients with Buerger's disease is favorable, the presence of necrotic
lesions can not only result in longer hospitalizations but also lead to the need for amputation [29]. The risk of
amputation increases as the disease progresses. Data indicate that if patients do not quit smoking, they often
require this form of treatment, and consequently, most such procedures are performed on patients who have
failed to quit smoking [9].

7.7 Wound Therapy

Treatment of wounds resulting from Buerger's disease requires an interdisciplinary approach. This is
due to the very slow healing of ischemic wounds. Surgical methods and wound dressings appropriately selected
for the nature of the wound are used for this purpose [6].

7.8 Advanced Therapies

Stempeucel is an example of stem cell therapy. The preparation contains combined mesenchymal stem
cells derived from donor bone marrow. Stempeucel's presumed mode of action involves the secretion of
numerous biologically active molecules, such as growth factors, chemokines, and cytokines. These possess
angiogenic, anti-inflammatory, and immunomodulatory functions and have the ability to differentiate into
endothelial cells. Factors that stimulate blood vessel formation secreted by Stempeucel include VEGF, IL-6,
and Ang-1. In a clinical trial evaluating the efficacy of Stempeucel in patients with critical limb ischemia due
to thromboangiitis obliterans, the substance was administered at a dose of 2 million cells/kg body weight to
the calf muscles and around the ulcer. In patients undergoing treatment, the following were observed during a
12-month follow-up period:

- improvement in rest pain,

- increase in systolic ankle pressure,

- increase in ankle-brachial index,
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- acceleration of ulcer healing,

- reduced need for amputation.

Furthermore, the therapy was well tolerated and was not associated with significant drug-related adverse
events. In summary, the results of the phase IV study (post-marketing) suggest that intramuscularly
administered Stempeucel remains a safe therapeutic option and is a substance with good tolerability and
efficacy, supporting angiogenesis in patients with critical limb ischemia caused by Buerger’s disease, in whom
standard treatment options cannot be applied [7].

8. Conclusions

Despite a decline in incidence, understanding of Buerger’s disease continues to evolve, and emerging
therapeutic strategies show promise. The ongoing development of new treatment approaches offers the
potential to improve patient prognosis; however, further well-designed studies are required to optimize therapy
and enhance clinical outcomes. Continued research and refinement of current therapeutic methods therefore
remain essential for improving the quality of care in affected patients.
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