
 
 

 
 

  
 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 

Introduction 
  Atherosclerosis obliterans is a chronic disease 
with ischemia and necrosis in target organs  
that causes stenosis or occlusion in peripheral 
vessels. Thromboangiitis obliterans or Buerger's 
disease is a non-atherosclerotic, inflammatory 
arteritis involving small and medium-sized artery 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and veins of the extremities, often causing 
gangrene and scarring (1, 2). During the clinical 
course of Buerger's disease, there is an active 
phase of disease and usually ceases after age 
60 (3). It is strongly associated with tobacco use. 
However, the pathophysiology is still unclear. 
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Introduction: Thromboangiitis obliterans (TAO) or Buerger's disease is a non-atherosclerotic, inflammatory arteritis 
involving small and medium-sized arteries and veins of the extremities, often causing gangrene and scarring. 
Coronavirus disease (COVID-19) may predispose to both arterial and venous thromboembolic complications. In this 
study, we examined the relationship between COVID-19 infection and Buerger's disease-related amputations. 
Materials and Methods: 54 patients who applied to our clinic for Buerger's disease and were followed up and treated 
in our clinic were retrospectively analyzed. Follow-up information, demographic data of patients (age, gender, body 
mass index (BMI), education status), when they were diagnosed, amount of smoking (pack/year), all treatments 
applied for Buerger's disease (Pre-Covid – Covid period – Covid Afterwards), presence or absence of limb 
amputation, continued smoking, medications, cardiovascular risk factors, Charlson Comorbidity Index (CCI), Venous 
Thromboembolic Event (Pulmonary Embolism), Covid-19 History and vaccination information were noted. 
Results: The mean age of 54 patients included was 38.1 (27-49), and all were male. The mean smoking rate was 32 
(16-60) packs/year and the mean exposure to SARS-CoV-2 virus was 1.22 (0-4) times. There was a correlation 
between major amputations due to Buerger's disease and age, severity of COVID-19 disease, and systemic 
hypertension (p<0.005). Major amputation rates increased during the period of COVID-19 disease (p<0.05). 
Conclusion: We found an increase at major amputations as the exposure to the virus increased or the severity of 
COVID-19 disease such as in amputation rates in the presence of systemic hypertension. The presence of COVID-
19 and hypertension should be considered when planning treatment to prevent amputation in Buerger's patients. 
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Occlusions in the distal arteries can lead to limb 
amputation (4). Despite this, Buerger's disease 
is not a life-threatening disease. Severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused a worldwide epidemic and 
patients with the infection are referred to as 
COVID-19. Although COVID-19 is considered  
a respiratory illness, there is an unexpected 
thrombotic potential. Depending on the patho-
physiology of the disease and subsequent 
coagulopathy, inflammatory, hypocoagulable 
and hypofibrinolytic condition occurs (5). 
  Its typical clinic is viral pneumonia causing 
severe respiratory disorder. However, hyper-
coagulability has been observed in many 
patients. COVID-19 disease may predispose to 
both arterial and venous thromboembolic 
complications. The vast majority of thrombo-
embolic events occurs in the venous system 
and is predominantly seen as pulmonary 
embolism. Most arterial thromboembolisms 
occur in the lower extremity arteries, followed 
by the upper extremity arteries (6-8). 
  In this study, we aimed to evaluate the 
relationship between COVID-19 infection and 
Buerger's disease-related amputations. 
 

Materials and Methods 
Ethical Statement 
  Permission for the present study was obtained 
from Gaziantep University Non-Interventional 
Research Ethics Committee (No: 312, Date: 
2023/08/15). All patients signed an informed 
consent form that allows the participating 
institution to use their clinical data. 
Study Design 
  A total of 102 patient files, which applied to our 
clinic for Buerger's disease between January 
2018 and July 2023 and were followed up  
and treated in our clinic, were retrospectively 
reviewed. The diagnosis of Buerger's disease 
was based on clinically meeting 4 of the 5  
main criteria (shionaya) (9). These criteria are a 
history of smoking, onset of the disease before 
the age of 50, involvement below the knee, 

upper extremity involvement or presence of 
phlebitis migrans, and no atherosclerotic risk 
factors other than smoking. Patients with 
collagen tissue disease, popliteal entrapment 
disease, hypercoagulable disease, thoracic 
outlet syndrome, atrial fibrillation, and patients 
who were out of follow-up were excluded from 
the study. During the first consultation from  
the patients who did not receive their first 
diagnosis in our clinic, necessary information 
was obtained through face-to-face interviews 
and added to the patient file. 
  A total of 54 (52.9%) patients who applied to 
our outpatient clinic for the last control and 
were followed up and treated regularly by our 
clinic during the relevant dates were included in 
the study. All patients were informed about the 
study and their consent was obtained. 
  Follow-up information, demographic data of 
the patients (age, gender, body mass index 
(BMI), educational status), when the diagnosis 
was made, and the amount of smoking (pack/ 
year) were noted. All treatments of patients  
for Buerger's disease were divided into 3 
periods: pre-COVID (1 year ago), COVID period 
and post-COVID period (1 year). Classification 
of limb amputations according to periods, 
continued smoking, medications used, cardio-
vascular risk factors, Charlson Comorbidity 
Index (CCI), Venous Thromboembolic Event 
(Pulmonary Embolism (PE)), COVID-19 History 
and vaccination information were noted. 
  An amputation was defined as major if it 
involved the tibiotarsal, tibiofemoral, or coxo-
femoral joint for the lower extremities. Patients 
who quit smoking at the time of diagnosis  
and quit smoking for 1 year were considered to 
have quit smoking. Smoking status was 
controlled based on verbal expression at each 
visit. If they declared they started consuming 
again during follow-up or amputation, it was 
considered as smoking. Sinovac (CoronaVac) 
and Pfizer‐BioNTech (BNT162b2, mRNA) are 
the two most frequently used vaccines in the 
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vaccination program in our country. BioNTech 
is an mRNA-based vaccine that contains the 
genetic material of the virus (10). Therefore, the 
COVID-19 disease of the patients and each 
BioNTech vaccine were evaluated as exposure 
to the virus. 
Statistical Analysis 
 Statistical Package of the Social Sciences (IBM 
SPSS v.27, USA) was used for statistical analysis. 
Kolmogorov-Smirnov/Shapiro-Wilk was used 
to evaluate the normal distribution. Descriptive 
analyses were presented using means and 
standard deviations for normally distributed 
variables. The Chi-square test was used to 
compare proportions in different groups. One-
way ANOVA was used to compare parameters. 
Pearson Correlation test was used in the 
analysis to compare disease-related variables. 
In the correlation analysis, age, hypertension 
and COVID-19 severity parameters, which are 
more associated with Buerger's disease, were 
evaluated. Some parameters were compared 
using the student’s T test. These tests were 
chosen within the framework of the general 
rules in statistics, depending on characteristics 
of the dependent and independent variables. 
The significance level was set at p<0.05. 
 

Results 
  After excluding patients who did not meet 
the acceptance criteria, a total of 54 patients 
were included in the study. All the patients  
were using anti-coagulant and antiaggregant 
drugs (Warfarin/ Clopidogrel, Acetyl Salicylic 
Acid) during all follow-up periods. From patient 
files, the mean age, gender distribution, 
educational status of the patients, Body Mass 
Index (BMI), how many years they were 
followed for Buerger's Disease, how many years 
they continued to smoke after diagnosis, 
amount of smoking (packs/year), endovascular 
intervention for the lower extremities history, 
presence of other atherosclerosis, and Chalson 
Comorbidity Index (CCI) were analysed (Table 1). 
 

  A comparison of the total lower extremity 
amputations during the follow-up of disease is 
shown in Table 2. There was a correlation 
between major amputations due to Buerger's 
disease and age, severity of COVID-19 disease, 
and hypertension (p<0.005). The severity of 
COVID-19 disease, the vaccines administered 
and their amounts, and the exposure of the 
patients to the SARS-CoV-2 virus are shown in 
Table 3. Of these patients, 30 (55.5%) were 
diagnosed with COVID-19 disease.  
  The lower extremity amputations applied to 
the patients, the status of these amputations 
in the period after quitting smoking, the 
amputation during the COVID Pandemic 
period (March 2020 - July 2021), the amputation 
status in the non-COVID Pandemic periods is 
shown in Table 4. 
  The comparison of the follow-up information 
of the patients with the period after quitting 
smoking, the COVID-19 Pandemic period and 
non-COVID-19 Pandemic (pre-post) periods 
are shown in Table 5. There was statistical 
significance between COVID-19 periods, age 
and amputation rates (p<0.001). However, 
there was statistical significance in terms of CCI 
during the COVID-19 period and smoking 
cessation periods (p<0.001). In addition, a 
statistically significant relationship was found 
between amputations in the COVID-19 period 
and the severity of COVID-19 and the number 
of exposures to the virus (p<0.001) (Table 5). 
  Pulmonary embolism was taken as the basis 
for thromboembolic complications experienced 
by the patients. The pulmonary embolism (PE) 
experienced by the patients was analysed 
according to the period of COVID-19 and non-
COVID-19 periods. No significant relationship 
was found between them (Table 6). 
  Comparison of the Effects of Smoking and 
Amputations at Different Periods of the Patients 
are shown in table 7. All amputations due to 
Buerger's disease were compared with the 
period after quitting smoking, the COVID-19 
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 Table 1. Follow-up Information of Patients 
Initial Consultation Age 38.1 (27-49) 

Gender Male 100% (n=54) 
Female 0 

Educational Level 

Primary School 13% (n=7) 
Middle High School 44% (n=24) 
High School 39% (n=21) 
University 4% (n=2) 

Body Mass Index (BMI) (kg/m²)  25.7 (21.2 - 31.3) 
Follow-up due to Buerger's Disease (year) 5.9 (4-10) 
Time Between Initial Consultation and Quitting Smoking (Year) 2.06 (0 - 7) 
The Amount of Smoking (box/year) 32 (16 - 60) 

Lower Extremity Endovascular Intervention Angiography 85% (n=46) 
Stent / By-Pass 39% (n=21) 

Other Atherosclerosis Presence 
Coroner Angiography 15% (n=8) 
Coroner Stent 11% (n=6) 
Hypertension 30% (n=16) 

Charlson Comorbidity index (CCI) 2.5 (1 - 6) 
 

 Table 2. Patients' Follow-up Information and Amputations Performed During the Disease 

Variables  Lower Extremity Amputation (p) 
LEMINA LEMAJA TLEA 

Age 0.006 0.003 <0.001 
Educational Level 0.055 0.615 0.289 
BMI 0.958 0.753 0.823 
The Amount of Smoking (box/year) 0.163 0.251 0.106 
Charlson Comorbidity index (CCI) 0 0.062 <0.001 
COVİD-19 Disease Severity 0.214 <0.001 <0.001 
Exposures to SARS-CoV-2 Virus 0.275 0.105 0.804 
Lower Extremity Endovascular Intervention 0.505 0.744 0.525 
Other Atherosclerosis Presence (Coroner Stent) 0.874 0.052 0.206 
Systemic Hypertension 0.805 0.01 0.093 

 

 Table 3. Relationship of Patients with COVID-19 Disease 
Total Number of Patients 54 
COVİD-19 Disease 55.5% (n=30) 

CO
Vİ

D-
19

 
Di

se
as

e 
Se

ve
rit

y Weak 30% (n=9) 
Moderate 43% (n=13) 
Severe 27% (n=8) 

Va
cc

in
e Sinovac 

Single Dose 1.8% (n=1) 
2 Doses 88.8% (n=48) 
3 Doses 5.5% (n=3) 

Biontech 
Single Dose 48.1% (n=26) 
2 Doses 7.4% (n=4) 
3 Doses 1.8% (n=1) 

Exposures to SARS-CoV-2 Virus 

Never Exposed 15%(n=8) 
Once 55.5% (n=30) 
Two Times 24% (n=13) 
Three Times 3.7% (n=2) 
Four Times 1.8%(n=1) 
Mean 1.22 (0-4) 
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pandemic and the non-COVID-19 periods. All 
amputations decreased significantly in the 
period after quitting smoking. On the other 
hand, major amputation rates increased during 
the period of COVID-19 disease. In the non-
COVID-19 periods, there was an increase in 
minor amputation rates (Table 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discussion 
  In our study, we found a statistically significant 
increase in the number of major amputations as 
the exposure to the virus increased or the 
severity of the COVID-19 disease increased. We 
also observed a significant increase in major 
amputation rates in the presence of systemic 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Table 4. Progression of the Disease with Different Etiological Factors and Periods 

Total Lower Extremity 
Amputations 

LEMAA 6 (4-10) 
LEMAJAA 2.1 (0-4) 
TLEAA 8.1 (5-12) 

After  
Quitting Smoking 

LEMINAA 3.8 (0-10) 
LEMAJAA 1.5 (0-4) 
TLEAA 5.3 (0-13) 
NPPLEA 81.4% (n=44) 

COVID-19 Period 
(March 2020 –  

July 2021) 

Total 

LEMINAA 2.7 (1-5) 
LEMAJAA 1.4 (0-3) 
TLEAA 4.1 (2-7) 
PE 5.5% (n=3) 
NPPLEA 100% (n=54) 

March 2020 - 
March 2021 

Continuing to Smoke 31.4% (n=17) 
LEMINAA 2.54 (1-4) 
LEMAJAA 1.4 (0-3) 
PE 5.5% (n=3) 

June 2021 -  
September 2021 

Continuing to Smoke 31.4% (n=17) 
LEMINAA 0.17 (0-1) 
LEMAJAA 0 
PE 0 

Periods Other  
than 

COVID-19  
Pandemic 

Total 

LEMINAA 3.35 (2-6) 
LEMAJAA 0.7 (0-2) 
TLEAA 4.05 (2-7) 
PE 11% (n=6) 
NPPLEA 100% (n=54) 

Before COVID-19  
Pandemic  

(Before March 2020) 

Continuing to Smoke 55% (n=30) 
LEMINAA 2.6 (1-5) 
LEMAJAA 0.4 (0-1) 
PE 5.5% (n=3) 
NPPLEA 100% (n=54) 

After COVID-19  
Pandemic Period  

(September 2021 -  
July 2023) 

Continuing to Smoke 16.6% (n=9) 
LEMINAA 0.7 (0-2) 
LEMAJAA 0.28 (0-1) 
PE 5.5% (n=3) 
NPPLEA 68.5% (n=37) 
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hypertension. We analysed pulmonar embolism 
to evaluate venous thromboembolism caused 
by the SARS-CoV-2 virus. We have determined 
3 periods of the patients as pre-COVID-19 
Period, COVID-19 Pandemic period and post-
COVID-19 Pandemic period. There was no 
significant relationship between the incidence 
of pulmonary embolisms that the patients had 
experienced during these periods. Therefore, in 
our study, we found that both the active 
transmission of the COVID-19 disease and the 
ingestion of the virus through live virus vaccine 
did not cause an increase in VTE. Studies in the 
literature have reported that COVID-19 disease 
has an increased incidence of peri-operative 
and postoperative VTE in those with recent 
COVID-19 disease (11-15). In a study of post-
vaccination (Pfizer, Moderna, and Janssen 
vaccines) and pre-vaccination rates (n:792.010), 
Houghton et al(10) reported that overall, there 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

was no significant increase in VTE risk with 
COVID-19 vaccinations. The reason why there 
was no increase in our study was because  
all of the patients were using anticoagulant 
drugs. This may be because it prevents venous 
thromboembolism. 
  In our study, we considered every booster of 
the Biontech vaccine, which is one of the most 
used live vaccines in Turkey, and the disease 
itself as an individual's exposure to the virus. 
However, we found a statistically significant 
increase in the number of major amputations 
as the exposure to the virus increased or the 
severity of the COVID-19 disease increased 
(p<0.005). Likewise, minor amputation rates 
increased significantly in the non-COVID-19 
Pandemic periods. In addition, we found that 
COVID-19 disease did not cause an increase in 
the rate of VTE in Buerger's disease. Therefore, 
we believe that it does not cause an increase in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Table 5. Comparison of Patients' Follow-up Information and Amputations Applied at Different Stages 

Variables 

After Quitting  
Smoking 

COVID-19 Period  
(March 2020 - July 2021) 

Periods Other than  
COVID-19 Pandemic 

LE
M

IN
A 

LE
M

AJ
A 

TL
EA

 

LE
M

IN
A 

LE
M

AJ
A 

TL
EA

 

LE
M

IN
A 

LE
M

AJ
A 

TL
EA

 

Age <0.001 <0.001 <0.001 0.123 0.009 0.002 0.005 0.232 0.004 

Educational Level       0.712 0.691 0.637 

BMI 0.439 0.456 0.418 0.498 0.606 0.981 0.447 0.701 0.645 

The Amount of  
Smoking (box/year) 0.369 0.306 0.335 0.778 0.518 0.49 0.056 0.182 0.027 

Charlson Comorbidity 
Index (CCI) <0.001 0.011 <0.001 <0.001 0.200 <0.001 0.066 0.483 0.065 

COVİD-19 Disease 
Severity 0.093 <0.001 0.003 0.7 <0.001 <0.001    

Number of Exposures  
to SARS-CoV-2 Virus 0.673 0.35 0.982 0.711 0.013 0.026 0.065 0.136 0.027 
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Table 6. Comparison of Patients' Thromboembolic 
Events by COVID-19 Disease 

Variables Pulmonary 
Embolism p 

COVID-19 period  
(March 2020 - July 2021) 5.5% (n:3) 

0.569 
Periods other than  
COVID-19 Pandemic 11% (n:6) 

 

arterial thrombosis. However, we think that 
while normal ulcers observed in the course of 
disease can be resolved with minor amputation, 
they require major amputation as a result of late 
intervention. One of the main reasons for late 
intervention was the difficulties in reaching the 
health institutions of the patients during the 
pandemic period. As the severity of the disease 
increases, the patient's dependence on the bed 
increases, the mobilization decreases, and the 
involvement of decubitus and venous circulation 
disorders may be other reasons. 
  Despite the strong association of Buerger's 
disease with tobacco use, the pathophysiology 
is unclear. Quitting smoking has overwhelming 
impact on preventing limb amputation (2). In 
our study, a statistical decrease was observed in 
amputation rates after patients quit smoking. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This shows us that tobacco use is associated 
with the progression of the disease. Fazeli et al. 
(16) showed that time of smoking was the only 
independent factor associated with major 
amputations. On the other hand, Joncour et al 
(2) stated that they found not a relationship 
between amputation and the duration of 
exposure to cigarettes or amount of tobacco 
consumption. In our study, however, no 
relationship was found between the amount of 
smoking (pack/year) and amputations in all 
follow-up years of the patients. According to a 
study by Ohta et al. (17), the rate of continuing 
to smoke after the first consultation is highest in 
secondary school graduates, followed by high 
school and university graduates. However, they 
could not detect difference between continuing 
to smoke and education. In our study, there was 
no significant difference between educational 
status and the number of amputations. 
  Although administration of antiplatelet agents 
or anticoagulant therapy, progression of the 
underlying disease process is relatively rapid 
(18, 19). All individuals were using anticoagulants 
(Warfarin/clopidogrel) and antiplatelet agents 
(acetylsalicylic acid) during the follow-up period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Table 7. Comparison of the effects of smoking and amputations at different periods of the patients 

Variables 

After Quitting 
Smoking 

COVID-19 Period  
(March 2020 - July 2021) 

Periods Other Than  
COVID-19 Pandemic 

LE
M

IN
A 

LE
M

AJ
A 

TL
EA

 

LE
M

IN
A 

LE
M

AJ
A 

TL
EA

 

LE
M

IN
A 

LE
M

AJ
A 

TL
EA

 

To
ta

l L
ow

er
  

Ex
tre

m
ity

  
Am

pu
ta

tio
ns

 LEMINA 0.001 0.011 <0.001 <0.001 0.177 <0.001 <0.001 0,102 <0,001 

LEMAJA 0.038 <0.001 <0.001 0.584 <0.001 <0.001 0.028 0,003 0,001 

TLEA <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0,004 <0,001 

Af
te

r Q
ui

tti
ng

  
Sm

ok
in

g 

LEMINA 

 

<0.001 0.124 <0.001 0.007 0.119 0.003 

LEMAJA 0.132 <0.001 <0.001 0.014 0.019 0.002 

TLEA 0.003 0.005 <0.001 0.005 0.049 0.001 

LEMINA: Lower Extremity Minor Amputations, LEMAJA: Lower Extremity Major Amputations, TLEA: Total Lower Extremity Amputations 
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(20). However, this was not enough to prevent 
amputations. Although good bypass surgery 
improves symptoms of ischemia, it is often not 
applicable in Buerger's Disease (17). This may be 
because endovascular intervention is effective 
in vascular occlusions for atheroma plaques. 
85% angiography and 35% endovascular 
intervention were performed on the patients in 
our study group during the follow-up period. 
Information could not be accessed because 
interventional radiologist and cardiovascular 
surgeon performed endovascular intervention. 
However, no significant decrease was found 
between endovascular interventions applied to 
the patients and the reduction in amputations. 
On the basis of Buerger's disease, there is no 
atheroma plaque. Therefore, the interventions 
did not affect the progression of the disease. 
  Ejagwulu et al. (21) showed that there was an 
increase in the number of major amputations 
with systemic hypertension. Burleva et al. (22) 
reported that major amputation operations 
were increased in coronary atherosclerosis. In 
our study, 26% of the patients had a history of 
intervention for coronary atherosclerosis. There 
was no difference between the presence of 
coronary pathologies and amputations in the 
patients. On the other hand, there was an 
increase in the number of major amputations 
with the presence of systemic hypertension. The 
reason for this may be the delay in the healing 
of wounds that can be treated with minor 
amputation as a result of peripheral venous 
vasodilation of antihypertensive used. 
There are a total of 22 co-morbid disease 
parameters in the Charlson comorbidity index 
(CCI). This index is used clinically as a predictor 
of long-term prognosis and survival (23, 24). 
Gibson et al. (25) found mean CCI in patients 
with diabetic foot ulcer to be 3.17 and reported 
that there was a negative correlation between 
CCI and amputation. The mean CCI in our study 
was 2.5 (1-6). A positive correlation was found 
between CCI and the amount of amputation. 

This shows us that CCI is a reliable method in 
comorbidity determination. 
  The limitations of our study are that we know 
the smoking status by verbal submission of the 
patient. While smoking is a very important 
factor, incorrect inferences may have been 
made as a result of the patient's giving false 
information about its use. In addition, since 
many of the patients had atherosclerosis, we 
may not have been able to detect progression 
with isolated Buerger's disease. The other 
limitation is comparison of whether vaccination 
status alone is associated with increased or 
decreased amputation rates. It would be 
beneficial for future studies to include a more 
diverse patient population in terms of gender 
and other demographic variables. Therefore, 
this information should be supported by more 
comprehensive and prospective studies. 
 

Conclusion 
  In conclusion, we found a significant increase 
in the number of major amputations as the 
exposure to the virus increased or the severity 
of the COVID-19 disease increased. We also 
observed an increase in major amputation rates 
in the presence of systemic hypertension. The 
presence of COVID-19 and hypertension should 
be considered when planning treatment to 
prevent amputation in Buerger's patients. 
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