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Abstract. The aim of the study was to investigate the effects 
of revascularization in treating patients with thromboangiitis 
obliterans (TAO), to analyze the prognosis of TAO. The treat-
ment group comprised 32 patients with TAO of lower limbs 
who were selected between March 2012 and March 2017. 
Patients in the treatment group were treated with revasculariza-
tion (vascular bypass surgery, catheter-directed thrombolysis 
and angioplasty, endovascular angioplasty + stening, throm-
boectomy and/or endarterectomy) + Western medicine. 
Another 33 patients with TAO who were treated with Western 
medicine alone comprised the control group. Treatment 
outcomes were compared between the groups. Serum levels of 
interleukin-6 (IL-6), interleukin-8 (IL-8) and tumor necrosis 
factor-α (TNF-α) were also detected and compared between 
the groups. Multivariate analysis was performed to identify 
the factors related to prognosis. Compared with control group, 
treatment outcomes were significantly better in the treatment 
group (P<0.05). After treatment, the serum levels of IL-6, IL-8 
and TNF-α significantly decreased in both groups, and the 
decrease in the treatment group was more significant (P<0.01).  
Multivariate analysis revealed that vascular bypass surgery 
and preoperative ischemic degree are associated with treat-
ment effect. Our results show that revascularization treatment 
of TAO is conducive to clinical symptoms and dysfunction of 
inflammatory cytokines, and the type of surgery and surgical 
timing significantly affect treatment outcomes.

Introduction

Thromboangiitis obliterans (TAO) is a progressive, segmental, 
and non‑infectious inflammatory disease. TAO is a small and 

middle artery occlusion caused by inflammation of the whole 
vascular wall, often affecting the adjacent veins and nerves. TAO 
is more common in young men (1). The pathological mechanism 
is mainly the secondary vascular inflammatory cell infiltration 
in diseased blood vessels, thrombosis, luminal occlusion, and 
limb (more common in lower extremity) ischemic changes (2).

The early manifestation of TAO is mainly intermittent 
claudication, and late manifestations include rest pain, acral 
ulcers and even gangrene. High amputation may be needed for 
severe cases (3), seriously affecting the life and health of the 
patient. At present, there are no effective treatments for TAO. 
Without outflow tract, most scholars do not support the use of 
direct reconstruction in the treatment of TAO (4). Inflammation 
is closely associated with the development of TAO.

In the present study, 32 patients with TAO were selected 
between March 2012 and March 2017 to be treated with revas-
cularization and Western medicine, and a further 33 patients 
with TAO who were treated solely with Western medicine 
served as the control group. The effects of reconstruction on 
IL-6, IL-8 and TNF-α in patients with TAO were explored to 
guide the treatment and prognosis of TAO. 

Patients and methods

Patients. In total, 65 male patients diagnosed with TAO 
selected between March 2012 and March 2017 in China-Japan 
Union Hospital of Jilin University Hospital (Changchun, China) 
were included in the present study. There were 32 patients in 
the treatment group, with a mean age of 39.38±7.45 years, the 
average duration of disease was 2.65±0.58 years and the average 
BMI (24.21±4.35 kg/m2). There were 23 cases of ischemic 
period, 8 cases of nutritional disorder and 1 case of gangrene, 
and the main symptoms included intermittent claudication in 
23 cases and rest pain in 9 cases. There were 33 patients in 
the control group, with a mean age of 39.21±7.38 years, the 
average course of disease 2.73±0.47 years and the average 
BMI (24.34±3.93 kg/m2). There were 24 cases of ischemic 
period, 8 cases of nutritional disorders and 1 case of gangrene, 
and the main symptoms included intermittent claudication in 
24 cases and rest pain in 9 cases. No significant differences 
in general clinical data were found between the two groups 
(P>0.05). The general data of patients are shown in Table I. 
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The study was approved by the Ethics Committee of the 
China-Japan Union Hospital of Jilin University. Informed 
consents were signed by the patients and/or guardians.

Inclusion and exclusion criteria. Patients were diagnosed 
according to Highlander et al (5). The majority of patients 
were male, approximately 20-40 years of age. Primary symp-
toms included angina cruris; resting pain, soreness, swelling 
and numbness (show 1 or more symptoms); cold or burning 
sensation (show at least 1 symptom); dystrophic change in 
skin, hair, muscles, toe (finger); toes (or/and foot) gangrene or 
finger gangrene (mostly dry gangrene); and recurrent thrombo-
phlebitis of the leg or foot. The fluctuations of middle artery 
and/or of the affected limb decreased or disappeared. Tongue 
demonstration involved whether the tongue was rare lavender, 
purple, indicating petechiae or ecchymosis. Pulse condition 
was classified as wiry and tense; deep and unsmooth; or weak 
pulse. Diagnostic criteria included 1+3+4+a, b, a and b + one of 
the symptoms left in the primary symptoms.

Exclusion of arteriosclerosis obliterans. Exclusion criteria 
for the study were: vascular thrombosis; rheumatism, autoim-
mune diseases (Takayasu syndrome, psoriasis and Raynaud's 
disease); diabetes or other ischemic chronic nutritional disor-
ders caused by local damage.

Treatment. Patients in the control group were treated with 
Western medicine alone, while patients in the control group 
were treated with revascularization + Western medicine 
to improve blood circulation. The course of treatment was 
3 months.

Western medicine treatment. The Western medicine consisted 
of 10 mg of hydrochloric acid nicardipine sustained-release 
tablets (Chongqing Kerui Pharmaceutical Group Co., Ltd., 
SFDA approval no.: H10980159) + 10 mg of enteric-coated 
aspirin (Shuguang Pharmaceutical Co., Ltd., SFDA approval 
no.: H11020827) + enteric-coated trental (Datong Weihua 
Pharmaceutical Co., Ltd., SFDA approval no.: 0421106). The 
three drugs were taken orally once daily. Analgesic treatment 
was performed for patients with severe pain.

Revascularization. According to the characteristics of 
local vascular lesions, artery intervention revascularization 
(catheter-directed thrombolysis and angioplasty, endovascular 
angioplasty + stening, thromboectomy and/or endarterectomy) 
or vascular bypass surgery was used. Vascular bypass surgery 
(large saphenous vein, artificial blood vessels, composite 
bridge blood vessels of artificial blood vessels and large 
saphenous vein) was performed in 11 cases, accounting for 
34.375%; catheter-directed thrombolysis and angioplasty was 
performed for 9 cases, accounting for 28.125%; endovascular 
angioplasty + stening was performed for 7 cases, accounting 
for 21.875%; thromboectomy + endarterectomy was performed 
for 5 cases, accounting for 15.625%.

Detection method. Fasting elbow venous blood (3-5 ml) was 
extracted in the morning before and at 3 months after treat-
ment. Blood was centrifuged at 8,000 x g for 15 min to collect 
serum. IL-6 and IL-8 were detected by radioimmunoassay. 
TNF-α was detected by double antibody sandwich ELISA.

Criteria for the determination of efficacy. Efficacy was deter-
mined using the 6 levels method, as previously described (5). 
Scores were recorded as ‘0-5’, and the higher score indicate severe 
condition. Scores before and after treatment were compared: 
0 points, a cure, 2 points drop represents markedly effective, and 

Table I. Comparison of general clinical data between two groups of patients.

 Treatment group Control group
General information (n=32) (n=33) t/χ2 value P-value

Age (years) 39.18±7.45 39.21±7.38 1.729 0.168
Course of illness 2.65±0.58 2.73±0.47 1.867 0.115
BMI (kg/m2) 24.21±4.35 24.34±3.93 1.645 0.186
Stages [n (%)]   1.912 0.089
Local ischemia 23 24
Nutritional disorder   8   8
Gangrene   1   1
Main symptoms [n (%)]   1.981 0.094
Intermittent claudication 23 24
Rest pain   9   9

Table II. Comparison of treatment outcomes between two 
groups.

 Treatment Control
 group group
Efficacy (n=32) (n=33) χ2 value P-value

Cure 26 21
Markedly effective   2   3 3.265 0.038
Effective   2   3
Ineffective   2   6 6.743 0.002
Limb salvage rate 90.63% 81.82% 4.125 0.023
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1 point drop represents effective. Unchanged scores represent 
increased severity or ineffective treatment. Cure, markedly 
effective and effective results were recorded as improvement.

Statistical analysis. SPSS 20.0 software (SPSS Inc., Chicago, 
IL, USA) software was used for all statistical analysis. 
Enumeration data were expressed as cases or ratio, and were 
processed by Fisher's exact test or Chi-square test. Normal 
distribution measurement data were expressed as (mean ± SD), 
and were processed using paired sample t-test. Abnormal 
distribution measurement data were processed using the 
Wilcoxon two-sample test. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Comparison of treatment outcomes between the groups. In treat-
ment group, 26 patients were cured, markedly effective results 
were found in 2 cases, effective results were found in 2 cases, and 
ineffective results in 2 cases (1 case was treated with vascular 
bypass, 3 cases were subjected to amputation), and the limb 
salvage rate was 90.63% (29/32). In control group, 21 patients 
were cured, markedly effective results were found in 3 cases, 
effective results were found in 3 cases and ineffective results in 
6 cases (1 case was treated with vascular bypass, 6 cases were 
subjected to amputation), and the limb salvage rate was 81.82% 
(27/33). The overall limb salvage rate was 86.15% (56 cases/65 
cases). Compared with the control group, treatment outcomes 
were significantly improved and the limb salvage rate was signif-
icantly increased in the treatment group (P<0.05) (Table II).

Changes in inflammatory cytokines in the groups. Before 
treatment, no significant differences in the serum levels of 
inflammatory cytokines were found between the groups 
(P>0.05). Compared with the pre-treatment levels, the serum 

levels of IL-6, IL-8 and TNF-α were significantly reduced in 
both groups, and the decreases of serum levels of IL-6, IL-8 and 
TNF-α were more significant in the treatment group (Table III).

Single factor regression analysis. Patients were divided into 
the improvement and ineffective groups. The improvement 
group (cure, markedly effective and effective) included 
57 patients, and the ineffective group included 8 cases. Age, 
BMI, duration of disease, smoking, disease stages (local isch-
emic period, nutritional disorders, gangrene), main symptoms 
(intermittent lame and rest pain), preoperative ischemic degree 
(with or without ulcers), and treatment method (with or without 
vascular bypass surgery) were compared between the two 
groups. Significant differences in smoking, age and degree of 
ischemia were found (P<0.05). No significant differences in 
BMI, disease stages (local ischemic period, nutritional disor-
ders, gangrene) or main symptoms (intermittent lame and rest 
pain) were identified between the groups.

Multi-factor regression analysis. Age, BMI, duration of 
disease, smoking, disease stages, main symptoms (inter-
mittent lame and rest pain), preoperative ischemic degree 
(with or without ulcers), and treatment method (with or without 
vascular bypass surgery) were subjected to correlation analysis. 
However, no significant correlations were identified among the 
factors. Independent variables with significant differences in 
univariate analysis were subjected to multivariate analysis of 
logistic regression model. Results showed that vascular bypass 
surgery, preoperative ischemia and treatment method were 
closely correlated with treatment outcomes (Table IV).

Discussion

Sensory disturbance caused by limb ischemia is common in 
patients with Thromboangiitis obliterans (TAO). Approximately 

Table III. Changes in inflammatory cytokines in the two groups (ng/l, mean ± SD).

 Treatment group (n=32) Control group (n=33)
Observation ------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------
indicators Before treatment After treatment Before treatment After treatment

IL-6 4.32±2.30 1.24±2.35a,b 4.28±2.34 2.19±2.27a

IL-8 843.21±95.32 250.76±78.12a,b 846.15±92.56 607.98±74.33a

TNF-α 4.57±2.12 1.64±1.53a,b 4.55±2.14 3.05±1.60a

aP<0.05, compared with pre-treatment level; bP<0.05 compared with control group.

Table IV. Regression analysis and the relationship between various factors and prognosis.

 Regression Standard  Degrees of
Variables coefficients error Wald value freedom P‑value OR value

Treatment methods 3.023 1.521 4.073 1 0.032 20.623
Smoking 0.948 1.398 0.434 1 0.481 2.812
Age 0.385 1.278 0.089 1 0.716 1.476
Degree of ischemia -3.102 1.532 4.121 1 0.035 0.451
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50-80% of TAO patients showed rest pain or ischemic ulcer (6) 
and even local nutritional disorders. Without timely treatment, 
necrosis (7), organization (8) and gangrene (9) caused by isch-
emia and hypoxia may occur. Cell metabolism is disturbed 
in necrotic limbs, and harmful substances are also released 
to threaten patients' life. Amputation is needed in some cases 
to save life, leading to high morbidity. Thus, identifying the 
cause and creating an effective treatment plan is the focus of 
the treatment of TAO. No effective treatments are available for 
TAO, and the application of reconstruction in TAO treatment 
has been controversial (4). Indications of revascularization 
should be clarified prior to treatment and only patients with 
good outflow tract can be treated with revascularization (10). 
In this study, in the treatment group, 26 patients were cured, 
2 cases were markedly improved, 2 cases were effectively 
improved, and ineffective results were found in 2 cases (1 case 
was treated with vascular bypass, 3 cases were subjected to 
amputation), and the limb salvage rate was 90.63% (29/32). In 
the control group, 21 patients were cured, 3 cases were mark-
edly improved, 3 cases were improved and ineffective results 
were found in 6 cases (1 case was treated with vascular bypass, 
6 cases were subjected to amputation), and the limb salvage 
rate was 81.82% (27/33). Amputation rate in the treatment 
group was 9.375% (3 cases/32 cases), and 3 patients received 
secondary surgery. Therefore, patients with poor conditions 
cannot be treated with this treatment, and amputation should 
be performed to improve the quality of life of patients with the 
use of prosthetics.

In the present study, multivariate analysis revealed that 
vascular bypass and treatment efficacy were related; therefore, 
autologous vein surgery was used more commonly. Vascular 
bypass surgery has some restrictions in the clinical prac-
tice (11). First, the selection of outflow tract means TAO can 
affect distal knee artery. Thus, anterior tibial artery, posterior 
artery or peroneal artery is generally used as the outflow tract. 
However, the arterial anatomical locations of those arteries are 
deep and surrounding nerves and veins can be easily damaged 
during operation. Therefore, only experienced surgeons can 
perform this operation. Furthermore, regarding the supply 
of vascular blood vessels, the preferred bridge blood vessel 
material is a large autologous vein. TAO patients are often 
accompanied by superficial venous thrombosis. It is generally 
believed that large saphenous vein with a diameter of >4 mm 
is good material. Artificial blood vessels and large saphenous 
vein composite material can be used as an alternative if large 
saphenous vein cannot be obtained. In addition, with regard to 
distal arterial anastomosis, a microscope should be used for 
operations on peroneal artery. Thrombolysis and angioplasty 
can be used when autologous venous bridge blood vessels 
cannot be obtained. In TAO patients showing both distal 
arterial chronic occlusion and proximal thrombosis, simple 
thrombolytic therapy may be enough to achieve good efficacy, 
while thrombolytic therapy combined with distal arterial 
dilatation may be used to achieve improved results. However, 
thromboectomy and/or endarterectomy may not be enough, and 
these two treatments should be avoided for young patients (12). 
Smoking is, not only a cause of TAO, but also a risk factor of 
poor prognosis (13). The pathogenesis of TAO is unclear, but 
smoking, low temperature, immune response and other factors 
may be involved (14-16). Although the present study did not 

suggest the relevance of smoking and end results, all 9 cases of 
amputation were smoker. Thus, this small sample size may still 
be sufficient to highlight the importance of quiting smoking.

The pathology of TAO is inflammatory cell infiltra-
tion caused by vascular inflammation (17). Therefore, some 
scholars believe that TAO is a form of autoimmune inflam-
matory disease (18). Vascular endothelial cell damage is an 
important aspect of the occurrence of TAO (19). Through 
endocrine function and paracrine synthesis, vascular endo-
thelial cells release a considerable amount of vasodilator and 
vasoconstrictor substances to regulate and protect the vascular 
structure and functional integrity. Once vascular endothelium 
is damaged, the endothelial anticoag ulation, anti-platelet and 
anti‑fibrinolytic function, vasomotor and secretion and other 
functions may not be maintained. Abnormal secretion of 
cytokines can promote platelet aggregation and inflammatory 
response by altering endothelial permeability to cause endothe-
lial structural damage (20). As the central mediators of immune 
and inflammatory responses, IL-6 and IL-8 are important 
pro‑inflammatory cytokines produced by macrophages (21). 
TNF-α is a factor with direct cytotoxicity produced by acti-
vated monocyte macrophages. TNF-α can promote oxidative 
metabolism, accelerate lipid peroxidation process, and destroy 
vascular endothelial cell structure integrity through neutrophil 
degranulation to cause dysfunction, promote IL-6 and IL-8 
secretion and regulate vascular smooth muscle cell differ-
entiation, eventually leading to wall thickening, stenosis and 
increased blood flow resistance (22). Previous findings have 
shown that TNF-α can be used as an important indicator of 
vascular endothelial dysfunction (23). Immune regulation 
dysfunction and cell physiological dysfunction in TAO patients 
can affect the immune system to cause clinical symptoms (24).

In the present study, the high levels of IL-6, IL-8 and TNF-α 
indicated the existing of cytokine metabolic disorders. After 
treatment, different degrees of decrease in those cytokine were 
observed in both groups, suggesting that clinical treatment can 
improve metabolic disorders of cytokines in patients. After 
treatment, the levels of cytokines were found to be significantly 
lower in the treatment group than in the control group (P<0.05), 
suggesting that the treatment of TAO with revascularization can 
better improve limb blood supply and immune injury. Results of 
the current study have shown that revascularization is a safe and 
effective method than can significantly improve the symptoms 
of patients. The identification of surgical indications and proper 
perioperative management can improve treatment efficacy, 
reduce inflammatory response, and improve immune dysfunc-
tion, so as to provide a good basis for follow-up rehabilitation.
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