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ABSTRACT

Aim: Statins are one of the most important agents in the treatment of atherosclerotic peripheral arterial disease. We aim to compare 
high – and moderate-dose statin therapy in patients with lower extremity artery disease (LEAD) who have undergone percutaneous 
transluminal angioplasty (PTA).
Patients and Methods: Ninety-four patients treated with PTA were selected consecutively and retrospectively and were divided into 
two groups according to the high – or moderate-dose statin treatments they were given. Groups were compared for the absence of 
restenosis and occlusion as primary patency and the need for reintervention in the treated arterial segment as secondary patency. All 
patients underwent computed tomography (CT) angiography or duplex scan one year after receiving PTA.
Results: Coronary revascularization (p<0.001) and prior statin usage (p:0.02) were more common in the high-dose statin group when 
compared to the moderate-dose statin group. Lesion characteristics did not differ between the two groups. Primary patency rate was 
significantly higher (36.1% vs. 27.6%, p 0.01) in the high-dose statin group. Major amputation (4.2% vs. 10.6%, p:0.03) and minor 
amputation (12.7% vs. 19.1%, p:0.03) rates were significantly lower in the high-dose statin group. Regression analysis revealed that 
the usage of high-dose statin therapy was an independent predictor of higher primary patency in patients who were treated with prior 
PTA(Odds ratio:2.208, p<0.001)
Conclusion: High-dose long-term statin treatment might have better outcomes on primary patency in patients who underwent prior 
PTA for infrapopliteal lesions as a subgroup of peripheral artery disease. The administration of the high-dose long-term statin therapy 
might be important in the prognosis of peripheral arterial disease, especially for those with infrapopliteal lesions.
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1. INTRODUCTION

Statins are competitive inhibitors of hydroxymethylglutaryl 
(HMG) CoA reductase, the rate-limiting step in cholesterol 
biosynthesis. They occupy a portion of the binding site of 
HMG CoA, blocking access of this substrate to the active 
site on the enzyme [1]. Statins are one of the main agents in 
cardiovascular disease in primary and secondary prevention 
[2]. In addition to coronary heart disease, peripheral artery 
disease and cerebrovascular events play a major role in 
secondary prevention. According to the 2019 European Society 
of Cardiology (ESC) / European Atherosclerosis Society (EAS) 

guidelines for the management of dyslipidaemias and the lipid 
modification to reduce cardiovascular risk, intensive statin 
therapy is recommended especially in patients with clinical 
atherosclerotic disease, under the age of 75 years old and with 
atherosclerotic cardiovascular disease (ASCVD) risk>7.5% [3].
In observational studies and limited randomized clinical 
trials (RCTs) in patients with lower extremity artery disease 
(LEAD) (from asymptomatic to severe cases), statin therapy 
has been shown to cause reductions in all-cause mortality 
and in cardiovascular (CV) events [4-6]. A systematic review 
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of 18 trials including 10 000 patients with cholesterol levels 
ranging from normal to elevated has reported that lipid-
lowering therapy in subjects affected by atherosclerosis of the 
lower limbs is associated with a 20% reduction in total CV 
events, together with a non-significant 14% reduction in all-
cause mortality. Regarding limb prognosis, in the Reduction 
of Atherothrombosis for Continued Health (REACH) registry, 
statin use was associated with an 18% lower rate of adverse limb 
outcome [4,7].
Infrapopliteal occlusive disease (IP) is a severe and diffuse form 
of peripheral artery disease (PAD) and requires challenging 
revascularization procedures. Patients suffering from severe 
lifestyle-limiting claudication or critical limb ischemia due to 
atherosclerosis of the crural arteries are often frailer and have 
higher amputation and mortality rates [8]. In stenotic lesions and 
short occlusions, endovascular therapy can be the first choice. 
In long occlusions of crural arteries, bypass with an autologous 
vein gives superior long-term patency and leg survival. If the 
patient has increased risk regarding surgery or does not have 
an autologous vein, endovascular therapy may be attempted [9].
It is important that patients with infrapopliteal lesions receive the 
best medical treatment (such as lifestyle modification, cessation 
of smoking, pharmaceutical treatment) as in all atherosclerotic 
diseases after revascularization [2]. As already mentioned, 
high doses of statin should be used in patients with clinical 
atherosclerotic disease. In this study, we aimed to investigate 
whether there is any difference between vascular patency 
between two groups receiving high-dose statin and moderate-
dose statin in a 1-year follow-up of infrapopliteal lesions after 
revascularization.

2. PATIENTS and METHODS

This study was performed retrospectively. All patients had been 
primarily treated with percutaneous transluminal angioplasty 
(PTA) of at least one infrapopliteal artery causing severe 
symptoms or critical limb ischemia (CLI) (Rutherford category 
1–6). The indication of PTA was determined based on the 2017 
ESC guidelines on the diagnosis and treatment of peripheral 
arterial diseases [10]. A total 126 limbs of 114 patients were 
consecutively evaluated. Significant stenosis of inflow arteries if 
present had to be treated successfully prior to enrollment. The 
success rate was 92.9% (106 patients) and technically successful 
angioplasty of de novo lesions were included. CLI is defined as 
the presence of chronic ischemic rest pain, ulcers, or gangrene 
attributable to objectively proven IP [11].
Technical success of infrapopliteal PTA was described as 
recanalization with antegrade flow and 30% or less residual 
stenosis below the knee artery. PTA was performed through 
anterograde (ipsilateral or contralateral) or retrograde approach 
at the discretion of the treating interventional cardiologist. 
Stents were implanted if flow-limiting complications occurred. 
Unless contraindicated, all patients received aspirin, clopidogrel, 
high-dose statin (80mg atorvastatin), and cilostazol for at least 
1 month after successful recanalization of the vessel. According 
to the 2019 ESC/EAS guidelines for the management of 

dyslipidaemias, high-intensity statins received strong Class 
I recommendations for patients with clinical cardiovascular 
disease. High-intensity statins are defined as atorvastatin dose 
of 40–80 mg, and rosuvastatin dose of 20-40 mg. Moderate 
intensity statins are defined as atorvastatin dose of 10–20 mg, and 
rosuvastatin dose of 10 mg [3]. At follow-up, the patients’ statin 
therapy was determined based on 2019 ESC/EAS guidelines for 
the management of dyslipidaemias guidelines after the PTA [3].
A total number of 126 limbs in 114 patients who underwent PTA 
were initially reviewed. Twenty patients (17.5%) were excluded 
from the study. 9 patients were excluded since they were not on 
statin therapy (n=9, 45%), 6 patients were excluded because they 
were not on high-dose statin therapy (n=6, 20%), and 5 patients 
were excluded for not following up (n=5, 25%). The remaining 
eligible patients were divided into two groups according to 
the statin dose as high – and moderate-dose. Patients were 
evaluated for primary patency, secondary patency, major 
and minor amputations and these were identified as clinical 
outcome. All patients underwent CT angiography or duplex 
scan a year after the PTA. Loss of patency is defined as restenosis 
(> 50%) or occlusion of the treated artery was detected by CT 
angiography or duplex scan. Primary patency was defined as 
the absence of restenosis, occlusion, or need for re-intervention 
in the treated arterial segment. Secondary patency was defined 
as utilizing secondary endoluminal procedures, which involved 
recanalizing occluded arterial segments. Major amputation was 
defined as limb loss above the metatarsal level, whereas minor 
amputation referred to trans metatarsal amputation or removal 
of more distal parts of the lower extremity.
The present study complies with the principles outlined in the 
Declaration of Helsinki. The study was approved by the Ethics 
Committee of Kartal Koşuyolu Heart and Vascular Diseases 
Research and Training Hospital (protocol number: 2019.7/18-
234), and written informed consent was obtained from all 
participated patients.

Statistical Analysis

All statistical analyses were investigated using a software 
program (SPSS 22.0 for Mac; SPSS Inc., Chicago, IL, USA). 
The variables were determined using visual (histograms and 
probability plots) and analytic methods (Kolmogorov–Smirnov 
and Shapiro–Wilk tests) to assign whether or not they are 
normally distributed. Categorical variables are presented as 
numbers and percentages. Continuous variables are expressed 
as mean±standard deviation. Since all continuous variables were 
normally distributed, statistical comparisons of quantitative 
data were performed by an unpaired sample t-test. Logistic 
regression analyses were performed to determine the predictors 
of higher primary patency after one year PTA. A p-value of 
<0.05 was considered statistically significant.

3. RESULTS

After the exclusions, we identified 94 patients (77[78.7%] 
male, 61.7±8.4 ) who underwent PTA during the study period. 
Patients were divided into two groups according to the dose of 
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statin treatment they received. The first group received a high-
dose statin therapy (47 patients), and the second group received 
a moderate-dose statin therapy (47 patients).
Clinical characteristics of patients and lesion features of the 
two groups were summarized in Table I. Arrhythmia (p=0.03), 
coronary artery disease (p=0.01), coronary revascularization 
with CABG or PCI (p<0.001) and prior statin usage (p:0.02) 
were more common in the high-dose statin group. Lesion 
characteristics did not differ between the groups. There was 
a statistically significant difference in the clinical outcomes 
between the two groups. Primary patency rate was significantly 

higher (36.1% vs. 27.6%, p 0.01) in the high-dose statin 
group. Major amputation (4.2% vs. 10.6%, p:0.03) and minor 
amputation (12.7% vs. 19.1%, p:0.03) rates were significantly 
lower in the high-dose statin group. Clinical outcomes were 
summarized in Table II.
Univariate logistic regression analysis was performed to 
determine the independent predictors of higher primary patency 
after one-year PTA (Table III). The use of high-dose statin 
therapy was found to be an independent predictor of higher 
primary patency in patients who had received prior PTA (Odds 
Ratio: 2.208; 95% confidence interval:1.348-3.899; p<0.001).

Table I. Clinical characteristics of patients and lesion features with respect to high dose statin usage

Characteristics
High-dose statin group

(n=47)
Moderate-dose statin group 

(n=47) P value

Age, years 61.3±8.1 62.1±8.6 0.72
Male sex , n (%) 37 (78.7%) 40 (85.1%) 0.16
Diabetes, n (%) 42 (89.3%) 41 (8%) 0.53
Arrhythmia, n (%) 14 (29.7%) 8 (17.7%) 0.03
Congestive heart failure, n (%) 16(34%) 14(29.7%) 0.24
Coronary artery disease, n (%) 38(80.8%) 20 (42.5%) 0.01
CABG or PCI, n (%) 36 (76.9%) 13 (27.6%) <0.001
Hypertension, n (%) 41 (87.2%) 43(91.1%) 0.34
Renal insufficiency, n (%) 27 (57.4%) 30 (63.8%) 0.54
Dialysis, n (%) 12 (25.5%) 14 (29.7%) 0.21
Stroke, n (%) 5(0.10%) 3(0.06%) 0.20
Current smoker, n (%) 42(89.3%) 40 (85.1%) 0.74
Chronic obstructive pulmonary disease, n (%) 21(44.6%) 17 (36.1%) 0.08
Serum total cholesterol (mg/dl) 216±35 234±56 0.08
Serum LDL (mg/dl) 128±23 134±36 0.09
Prior statin usage n (%) 25 (53.1%) 17 (36.1%) 0.02
Rutherford category, n (%)

4.

5.

6.

17(36.1%)

20(42.5%)

10((21.2%)

20(42.5%)

19(40.4%)

8(17%)

0.09

Previous higher level revascularisation, n (%) 13(27.6%) 16 (34%) 0.11
Target artery, n (total)

Anterior tibial

Peroneal

Posterior tibial

Tibioperoneal trunk

21 (75)

12 (75)

39 (75)

3 (75)

28 (66)

11 (66)

22 (66)

5 (66)

0.28

Lesion length, cm 12±3 11.3±3 0.41
Baseline stenosis, % 79±13 75±12 0.21
Total Occlusions, n (%) 38 (80.8%) 35 (74.4%) 0.41
Severe Calcification, n (%) 31 (65.9%) 28 (59.5%) 0.35
Below the ankle lesion, n (%) 11(23.4%) 8 (17%) 0.09
TAsc 2 classification

A,B,C

D

16 (34%)

31 (66%)

17 (36%)

30 (64%)

0.5

0.5
CABG: coronary artery bypass graft, PCI: percutaneous coronary intervention, TASC: trans atlantic inter-society consensus
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Table II. Clinical endpoints after one-year PTA
High-dose 

statin group

(n=47)

Moderate-
dose statin 

group (n=47)
P value

Primary patency 17 (36.1%) 13 (27.6%) 0.01
Secondary patency 15 (31.9%) 18(38.2%) 0.07
Major amputation 2 (4.2%) 5 (10.6%) 0.03
Minor amputation 6 (12.7%) 9 (19.1%) 0.03

Bold values indicate statistical significance p<0.05

Table III. Univariate logistic regression analysis to determinate the 
predictors of higher primary patency after one-year PTA

Odds Ratio
95% 

Confidence 
Interval

p

Usage of high-dose statin 
therapy

2.208 1.348-3.899 <0.001

Age 1.010 1.002 – 1.017 0.029
Male sex 1.061 0.42-2.62 0.59
Severe calcification at 
lesion

1.024 1.001-1.169 0.36

Lesion length 1.008 0.97-1.204 0.48

Bold values indicate statistical significance p<0.05 

4. DISCUSSION

The present study evaluated the long term effects of high-dose 
statin treatment compared to moderate-dose statin therapy in 
patients with infrapopliteal artery disease who had undergone 
successful PTA. The findings of our study show that the primary 
patency rate was significantly higher in the high-dose statin 
therapy group, while major amputation and minor amputation 
rates were significantly lower in the high-dose statin group. The 
use of high-dose statin therapy was an independent predictor of 
higher primary patency in patients who had received prior PTA.
Although, it is known that high cholesterol concentrations are 
associated with a higher risk of developing PAD [12], statins are 
underprescribed in PAD when compared to other well-known 
atherosclerotic disease processes [13]. The intensity of statin 
therapy has also been a matter of debate and the effect of high-
intensity statin therapy on cardiovascular outcomes is not well 
understood in patients with PAD [14,15]. Clinical studies on 
femoral plaque characteristics have reported the use of high-
dose statins to predominantly improve plaque composition or 
cause plaque regression, leading to a more stable phenotype in 
PAD [6]. Arya et al. showed that amputation mortality rates 
were lower in the group receiving high-dose statins in patients 
with PAD. This study showed an almost 30% reduction in risk 
of death and 30-40% reduction in risk of major amputation 
in high-intensity statin group. In low and moderate-intensity 
statin group, extremity loss and mortality were also reduced 
but not as high as in the high-intensity group [16]. Foley et al. 
revealed that patients with PAD who were on high-dose statin 
therapy before receiving endovascular intervention showed 

improved survival and fewer major adverse cardiovascular 
events compared to patients on moderate-dose statin therapy. 
However, they did not find any significant difference in the 
follow-up patency of lower extremity arteries between the 2 
groups [17]. Stoekenborek et al. showed that high-dose statin 
therapy with atorvastatin significantly reduced the incidence 
of PAD compared with moderate-dose statin therapy with 
simvastatin [18]. Spring et al. investigated the effect of high-
dose atorvastatin on endothelial function and local progression 
of the disease in patients with PAD. However, they did not 
find any significant difference between the use of high – and 
moderate-dose statin therapies [19]. As shown in the literature, 
the use of statin therapy shows improvement in both plaque 
stabilization and reduces inflamation in patients with a wide 
range of atherosclerotic diseases. In our study, we found similar 
results, that a high dose statin therapy was an effective treatment 
for atherosclerotic lesions. The high-dose statin group showed 
statistically significant better outcomes in all the variables we 
tested. Even though in the literature there are limited studies 
showing no statistically significant improvements with the use of 
statin therapy, most of the studies come to a similar conclusion 
that a high-dose statin therapy provides better overall outcome 
in atherosclerotic diseases [6,16,18,19].
Infrapopliteal occlusive disease (IP) is a severe and diffuse 
form of PAD and requires challenging revascularization 
procedures. Patients suffering from severe lifestyle-limiting 
claudication or CLI due to atherosclerosis of the crural arteries 
are often frailer and have higher amputation and mortality 
rates [8]. Revascularization of infrapopliteal lesions are 
predominantly treated with endovascular intervention although 
revascularization options vary depending on the length of the 
lesion, the presence or absence of an autologous venous graft, 
and the surgical risk [9]. PTA remained the most widely used 
method for recanalization of the infrapopliteal lesions but 
was significantly limited by the high restenosis and occlusion 
rates [20]. A meta-analysis by Romiti et al of infrapopliteal 
angioplasty for the treatment of CLI showed 1-year primary 
and secondary patency rates of 58% and 68%, respectively [21]. 
Another study showed primary patency at 1 year of 33% with 
secondary patency of 56% and a limb salvage rate of 75% after 
infrapopliteal angioplasty [22].
High-dose statin therapy is of great importance in the prevention 
of atherosclerotic cardiovascular diseases and in the prevention 
of disease progression with both reduction of cholesterol levels 
and pleitrophic effects in patients with PAD.
Statins have great importance in the prevention of atherosclerotic 
disease progression by lowering cholesterol levels [2]. In 
addition to achieving a therapeutic decrease in serum cholesterol 
levels, statin therapy appears to promote other effects that are 
independent of changes in serum cholesterol. The effect of 
statins on the endothelial function in humans remains under 
discussion. Particularly, it is still unclear if the improvement in 
endothelial function is due to a reduction in LDL-cholesterol or 
an arterial pleiotropic effect. These pleiotropic effects include 
attenuation of vascular inflammation, improved endothelial 
cell function, stabilization of atherosclerotic plaque, decreased 
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vascular smooth muscle cell migration and proliferation, and 
inhibition of platelet aggregation [23]. Silva et al. showed that the 
pleiotropic effects of high-dose statins may improve outcomes 
in atherosclerotic renovascular disease [24]. Subramanian et 
al. showed that high-dose atorvastatin reduces periodontal 
inflammation, suggesting a newly recognized effect of statins. 
Given the concomitant changes observed in periodontal and 
arterial inflammation, these data raise the possibility that a 
portion of that beneficial impact of statins on atherosclerosis 
relates to reductions in extra-arterial inflammation [25].

Study limitations

Our study has several limitations. First, our study was a single-
center and non-randomized study. Secondly, a relatively small 
number of the patients were enrolled in our study. Thirdly, 
the procedures were not performed by a single team, and 
even though all the operators were experienced interventional 
cardiologists, revascularization strategy was at the discretion 
of the operator. Also, the high-dose statin treatment group 
had lower low-density lipoprotein (LDL) cholesterol levels 
compared to the moderate-statin treatment group although it 
was statistically insignificant. However, based on the 2019 ESC/
EAS guidelines for the management of dyslipidaemias guideline, 
the LDL cholesterol level should be <70 mg/dL [3]. This value 
might affect the findings of our study.

Conclusion

Statins are of great importance in improving cardiovascular 
protection, inhibiting the progression of PAD, and improving 
clinical outcomes after interventional therapy in PAD. High-
dose long-term statin treatment might have better outcomes 
on primary patency in infrapopliteal lesions as a subgroup of 
PAD after PTA. The administration of the high-dose long-
term statin therapy might be important in the prognosis of 
patients with infrapopliteal lesions. Further multi-centered and 
randomized clinical studies are needed to clarify the possible 
causal relationship.
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