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Abstract: One of the challenges of thromboangiitis obliterans (TAO) management is in

the patients whose other vascular beds are involved and it remains a challenge to know

whether to pursue invasive procedures or to continue medical treatment for such TAO

patients. The aim of this review was to investigate reports of the involvement of the

visceral vessels in TAO and the related clinical manifestations, management approaches

and outcomes. According to our systematic review, the frequency of published articles,

the organs most commonly involved were the gastrointestinal tract, the heart, the

central nervous system, the eye, the kidneys, the urogenital system, the mucocutaneous

zones, joints, lymphohematopoietic system and the ear. Notably, reports of the involve-

ment of almost all organs have been made in relation to TAO. There were several

reports of TAO presentation in other organs before disease diagnosis, in which the

involvement of the extremities presented after visceral involvement. The characteristics

of the visceral arteries looked like the arteries of the extremities according to angio-

graphy or aortography. Also, in autopsies of TAO patients, the vascular involvement of

multiple organs has been noted. Moreover, systemic medical treatment could lead to the

recovery of the patient from the onset of visceral TAO. This study reveals that TAO

may be a systemic disease and patients should be aware of the possible involvement of

other organs along with the attendant warning signs. Also, early systemic medical

treatment of such patients may lead to better outcomes and reduce the overall mortality

rate.
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Introduction
Until recently, thromboangiitis obliterans (TAO) had been known as a recurrent,

non-atherosclerotic segmental inflammatory and occlusive peripheral vascular

disease with unknown etiology that is typically seen only in young, male

smokers.1 The dominant clinical manifestation of TAO is in the extremities and

usually in the medium- to small-sized vessels of the lower and upper limbs, which

can lead to limb loss.1 Because of the disease’s unknown etiology, no treatment

protocol is available for TAO, and management of TAO remains a medical

challenge.

Although smoking cessation is known to be an important part of any

suggested treatment, merely stopping smoking cannot prevent amputation and

limb loss during disease flare-ups.2 Notably, one of the challenges of TAO

management is in the patients whose other vascular beds are involved. For

instance, in a TAO patient with coronary artery involvement, it remains a
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challenge to know whether to pursue invasive proce-

dures or to continue medical treatment. In addition, the

prevalence of TAO is low in comparison to other per-

ipheral arterial diseases (PADs), even in countries in

which TAO is common. Moreover, involvement of the

visceral vessels is occasionally seen in TAO, which

means that the involvement of other vascular beds is

quite rare.

For these reasons, our understating of the involvement

of other organs and their clinical manifestations and out-

comes is poor. As a result, the aim of this review was to

investigate reports of the involvement of the visceral ves-

sels in TAO and the related clinical manifestations, man-

agement approaches and outcomes from January 1947

through December 2018.

Literature search
A systematic search for relevant literature published between

January 1, 1947 andDecember 31, 2018was performed on the

PubMed, Science Direct databases and Google Scholar. The

search was done in the English language. The reference lists

from the retrieved studies were then hand-searched. Search

terms included “thromboangiitis obliterans”, “Buerger’s dis-

ease”, “Arthritis”, “Skin”, “Cutaneous”, “Nodular erythema”,

“Livedo reticularis”, “Erythromelalgia”, “Purpura”, “Renal”,

“Kidney”, “Cardiac”, “Coronary”, “Heart”, “Lung”,

“Pulmonary”, “Testis”, “Genital”, “Penis”, “ Nervous sys-

tem”, “Cerebral”, “Ophthalmic”, “Eye”, “Muscle”,

“Muscular” “Hearing”, “Ear”, “Carotid”, “Hematology”,

“Anemia”, “Lymphadenopathy”, “Bone”, “Skeleton”,

“Stomach”, “Liver”, “Spleen”, “Pancreas”, “Bowel”,

“Intestine”, “Mesenteric”, “Celiac” with combinations being

searched via Boolean operator.

For data extraction, the indices for the diagnosis of TAO

from each article were evaluated. Articles whose angiogra-

phy characteristics or pathology reports did not quite match

TAO diagnosis were excluded from our study. We excluded

articles for which the full-text was not in English or for

which the full-text was inaccessible. The primary data

extraction form included the year of publication, author

name(s), number of patients, age, chief complaint, duration

of disease, smoking status, disease diagnosis, suggested

treatment and treatment outcome, all of which were

assessed by the two independent reviewers (F.F. and B.F.).

Our search initially identified 210 studies. We checked for

duplicates between databases. The remaining studies were

further reduced to 173 after screening of the titles and

abstracts. Finally, after applying the exclusion criteria, the

total number of relevant studies was reduced to 83.

Result
According to our systematic review, 83 articles were included,

78 of which were case reports and 2 of which were case series

papers, with the final 3 being original papers. Fifteen articles

were published prior to the 1980s, and 68 articles were pub-

lished after 1980.

According to the frequency of published articles, the

organs most commonly involved were (1) the gastrointestinal

(GI) tract, (2) the heart, (3) the central nervous system, (4) the

eye, (5) the kidneys, (6) the urogenital system, (7) the muco-

cutaneous zones, (8) joints, (9) lymphohematopoietic system

and (10) the ear. The search results for each organ are sum-

marized in the following 10 tables.

Gastrointestinal tract
The systematic search returned 45 articles related to

the gastrointestinal tract. We were not able to access

the full text of nine articles published prior to 1985,

and four articles were not in English. Therefore, these

13 articles were excluded from our study. In total, we

reviewed 32 articles comprising 41 patients that were

published between 1947 and 2016 (Table 1). The mean

age of the patients was 41±8 years. The mean number

of cigarettes smoked daily was 32±12, and the dura-

tion of smoking before mesenteric ischemia was 22±8

years. Only one case was female. In 65% of these

cases, TAO diagnosis had occurred approximately 8

years before the mesenteric ischemia. In the remaining

cases, TAO was diagnosed at the acute abdomen, and

the histology examination of the ischemic bowel con-

firmed TAO diagnosis. The clinical manifestations of

the patients consisted of the onset of diffuse abdom-

inal pain in 44% of the cases, weight loss in 20%

of the cases, pain in the right lower abdominal quad-

rant in 12% of the cases, bloody stool in 10% of the

cases, postprandial pain in 8% of the cases and epi-

gastric pain resistant to antiulcer treatment in 6% of

the cases.

Amongst the included articles, occlusion of the super-

ior mesenteric artery occurred in 53% of the cases, of the

inferior mesenteric artery in 12.5% of the cases, of both

the superior and inferior mesenteric arteries in 22% of the

cases and of the celiac artery and its branches in 12.5% of
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the cases. Notably, the involvement of the bowels was

almost segmental.

However, as observed through aortography, cork-

screw collaterals and skip lesions were less prominent

than those observed in the lower extremities. The

histology study of the visceral vessels and microves-

sels revealed the same characteristics as the peripheral

vessels in TAO. The mortality rate of the patients due

to mesenteric ischemia was 16%. Approximately 12%

of the patients without signs of peritonitis underwent

conservative medical treatment, all of whom improved,

although one developed onset of mortal mesenteric

ischemia two months after receiving a high dosage of

corticosteroids. Endovascular treatment failed in 50%

of the four patients in whom it was attempted.

The outcome of 12% of the patients has not been

reported.

Heart and coronary arteries
According to a systemic search, we found 20 related

articles. We could not have access to the full text of an

article in 1986 and four articles were not in English. In

one article published in 1977, the diagnosis of TAO

was very uncertain according to the clinical manifesta-

tions and histology report, and there was no angiogra-

phy report for that case to support TAO diagnosis. As a

result, the article was excluded from our study. In total,

14 articles related to the heart or coronary arteries

published between 1985 and 2018 were included, com-

prising 14 patients (Table 2). The mean age of the

patients was 39±10 years. The mean number of cigar-

ettes smoked daily was 27±13 and the duration of

smoking before mesenteric ischemia was 21±14 years.

Only one patient was female. In 66% of the cases,

TAO diagnosis was made approximately 12 years

before cardiac event, and in 34% of the cases, TAO

diagnosis occurred soon after hospitalization due to

cardiac event.

The occlusion of the left anterior descending artery

(LAD) and its branches, including the diagonal and

circumflex arteries, in addition to right coronary artery

(RCA), was observed in 35% of the cases. The invol-

vement of only the LAD occurred in 41% of the cases,

of only the RCA in 18% of the cases, and of the

circumflex artery in 6% of the cases. In 71% of the

cases, coronary artery stenosis was observed, whilst in

the remaining cases, complete segmental occlusion and

corkscrew collaterals were noted. Approximately 38%

of the patients underwent bypass surgery, 38% under-

went medical treatment, including intravenous throm-

bolysis, and 24% underwent endovascular stenting or

balloon angioplasty. The saphenous vein was most

compatible for bypass surgery in comparison to the

internal mammillary artery due to the involvement of

that artery. Of the patients who underwent bypass

surgery, 80% recovered without bypass graft occlusion

due to follow-up occurring approximately 1 year after

surgery. About 67% of the vascular stents became

occluded between surgery and the 5-month follow-up.

All of the patients who received only conservative

treatment, including vasodilators, showed improve-

ment, and 67% of the patients who received thrombo-

lytic treatments recovered. None of the patients died

as a result of a cardiac event.

Central nervous system
The systematic review revealed 15 articles related to

the central nervous system. Four of the articles had

been published in a language other than English and

were excluded from our study. In total, 12 articles

were included that comprised 12 patients and were

published between 1952 and 2016 (Table 3). The

mean age of the patients was 35±11 years and 81%

of the patients were male. The mean number of cigar-

ettes smoked daily was 30±11 and the duration of

smoking before mesenteric ischemia was 24±18

years. In 54% of the cases, TAO diagnosis had been

made approximately 5 years before neurological com-

plications. In the remaining cases, diagnosis occurred

during or after neurological symptoms had developed.

The clinical manifestations of the patients consisted of

hemiparesis in 27% of the cases, aphasia in 18% of the

cases, hemianopia in 13.5% of the cases, behavioral

and cognitive impairment in 13.5% of the cases, sei-

zure in 13.5% of the cases, hemiplegia in 10% of the

cases, and severe localized headache in 4.5% of the

cases. All five patients who completely stopped smok-

ing improved. Vasodilators and anticoagulants did also

result in improvement. However, 50% of the patients

who received only anticoagulants and anti-platelets
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showed improvement. The mortality rate due to cere-

bral ischemia was 8.3%.

Eye
We located six articles related to the eye as a result of

the systematic review. One article, published in 1988,

reported on three cases of temporal arteritis for which

TAO diagnosis was made after histology of the temporal

artery. However, in the histology exam, the prominent

infiltrating cells were eosinophils. Also, no additional

data were available about the clinical manifestation of

TAO in the extremities or any angiography examination.

Therefore, due to its doubtful diagnosis of TAO, this

study was excluded from our review. In total, we

included five articles covering five patients that were

published between 2006 and 2018 (Table 4). The mean

age of the patients was 57±10 years. All cases were

male. The mean number of cigarettes smoked daily

was 15±7 and the duration of smoking before mesen-

teric ischemia was 31±11 years. In all cases, eye invol-

vement was observed after TAO diagnosis, which had

occurred approximately 18 years earlier. The retinal

artery was the most commonly involved artery.

Receiving anti-platelets, either with or without corticos-

teroids, led to partial improvement. However, the treat-

ment strategies and outcomes for 40% of the studies are

unknown.

Genitalia
According to a systemic search, we found six related

articles. One article was not in English; therefore, it was

excluded from our study. Totally, five articles were

included which consisted of five patients in total and

published between 1968 and 2016 (Table 5). The mean

age of the patients was 44±20 years and, in 60% of the

cases, TAO diagnosis had occurred approximately 13

years before the urogenital events. No pharmaceutical

treatment had been pursued for these patients.

Kidneys
According to a systemic search, we found seven related

articles. We could not have access to the full-text of two

articles and one article was not in English. Therefore,

they were excluded from our study. Totally, 4 articles

included which consisted of 19 patients in total and

published between 1959 and 2015 (Table 6). The mean

age of the patients was 46±8 and all patients were male.

In all cases, renal events had occurred approximately 8

years after TAO diagnosis. The pharmaceutical treatment

for these patients is unknown. However, hepato-renal

bypass grafting led to the improvement of renal function

in one patient.

Mucocutaneous zones
According to a systemic search, we found four related

articles which consisted of five patients in total and

published between 1980 and 2013 (Table 7). The mean

age of the patients was 39±12 years and, in 40% of the

cases, skin events had occurred approximately 1.5 years

before TAO diagnosis. In 60% of the cases, skin events

had occurred approximately 5 years after TAO diagno-

sis. Stopping smoking and immunosuppressants, includ-

ing methotrexate and corticosteroids but not vasodilators

or anticoagulants, improved the skin lesions.

Lymphohematopoietic system
According to a systemic search, we found six related

articles. Three articles were not in English; therefore,

they were excluded from our study. Totally, 3 articles

were included which consisted of 28 patients in total

and published between 1971 and 2016 (Table 8).

Joints
The systematic review revealed four articles related to

arthritis. We were not able to access the full text of one

article and one article had been published in a language

other than English. In total, we included 3 articles

covering 13 patients that had been published between

1981 and 2003 (Table 9). The mean age of the patients

was 45 years and, for one patient, TAO diagnosis was

made after the experience of arthralgia. The medical

treatment for the patients with arthralgia is unknown.

However, one patient who received corticosteroids

showed progression in the digital ischemia, despite

joint improvement.

Ear
According to a systemic search, we found one related

article which consisted of one patient in total and pub-

lished in 1962 (Table 10).
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Discussion
The most challenging aspect of TAO management is its

unknown etiology. Even its classification is challenging:

it is usually viewed as a peripheral arterial disease rather

than a type of vasculitis, and TAO patients are typically

referred to angiologists or vascular surgeons as opposed

to rheumatologists. This may be because of the unfavor-

able response of TAO to immunosuppressant medication

and its favorable response to smoking cessation. Also,

TAO is not known as a systemic disease and, in its

diagnostic criteria, only the involvement of the small-

and medium-sized arteries of the extremities is consid-

ered. Although Leo Buerger was the first to notice

visceral arterial involvement in TAO in the first series

of patients he evaluated, clinical manifestation of TAO

in other organs is nonetheless known as an unusual or

progressive form of TAO.

However, according to our systematic search, reports of

the involvement of almost all organs have been made in

relation to TAO. We also located several reports of TAO

presentation in other organs before disease diagnosis, in

which the involvement of the extremities presented after visc-

eral involvement. Notably, the characteristics of the visceral

arteries in several cases looked like the arteries of the extre-

mities according to coronary angiography or aortography,

including skip lesions and corkscrew collaterals. Also, in

autopsies of TAO patients, the vascular involvement of multi-

ple organs has been noted. In addition, in some studies, con-

servative, systemic medical treatment and smoking cessation

have led to the recovery of the patient from the onset of

visceral TAO.

On the other hand, TAO might be a systemic disease

with a main clinical presentation in the extremities. For

instance, approximately 30% of the TAO patients in the

Fida et al study had abnormal urine analysis, although the

patients were symptom-free.71

Moreover, reports of visceral involvement in TAO

might be much more numerous than what we uncov-

ered in the literature due to several reasons. One reason

is that TAO is not of particular interest to many jour-

nals in the fields of angiology and rheumatology, and

such case reports are not pursued for publication.

Another reason may relate to the poor follow-up of

TAO patients. According to our own experience, the

main obstacle to follow-up is the mandatory admoni-

tion of smoking cessation. For this reason, TAOT
ab

le
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patients may prefer to ignore the bearable symptoms or

to change health care providers. In many cases, TAO

patients do not know that other organs can be affected

by TAO, as was seen in some studies in which the

patients experienced years of postprandial pain or

weight loss without any follow-up. In some TAO

cases, when we called the patient for follow-up, the

family reported that the patient had died after experi-

encing abdominal or chest pain at younger than 50

years of age. Whilst there were no autopsies, we can-

not prove that they died of visceral TAO, but it remains

a possibility.

Unfortunately, our search did not reveal any treatment

modality for visceral TAO because most of the cases did not

have long-term follow-up to evaluate further visceral epi-

sodes of the disease. However, according to the current data,

smoking cessation seems to be very helpful in patients’

recovery from visceral TAO. Also, more than 65% of the

patients who received only medical treatment in the form of a

combination of a vasodilator with anticoagulants showed

improvement. Anticoagulants and anti-platelets without

vasodilators led to an improvement in about 50% of the

patients. Moreover, corticosteroids and immunosuppres-

sants, but not anti-thrombotic or vasodilator treatments, did

improve the skin and joint manifestations of the disease

whilst aggravating the limb ischemia and, in a case of mesen-

teric ischemia, led to perforation of the bowel, followed by

death.15,72,73,79 In terms of invasive treatments, bypass sur-

gery had more acceptable outcomes in comparison to endo-

vascular procedures, including stenting. However, more

clinical evidence and clinical trials are needed to determine

better management of patients with visceral TAO.

Conclusion
All in all, this study reveals five main points that should be

noted:

1. If we maintain the belief that visceral involvement

is an unusual manifestation of TAO and insist on

localizing it to the extremities, we may be pursuing

the wrong path in determining the etiopathology of

the disease and appropriate treatment.

2. All patients with a diagnosis of TAO should be

aware of the possible involvement of other organs

along with the attendant warning signs, such as

postprandial pain, unexplained weight loss, chest

pain, any episodes of transient hemiparesis and cog-

nitive and behavioral changes.

3. Early, systemic medical treatment of patients suffer-

ing from visceral TAO may lead to better outcomes

and reduce the overall mortality rate.

4. Corticosteroid therapy and endovascular stenting

are not recommended for managing visceral TAO.

5. More clinical evidence with long-term follow-up is

needed to determine a treatment modality for visceral

TAO.
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