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Background: The aim of this study was to further clarify the effects of valsartan on restenosis in patients with arterioscle-
rosis obliterans of the lower extremities.
Material/Methods: Patients with arteriosclerosis obliterans of the lower extremities undergoing continuous stent implantation
in the superficial femoral artery were enrolled and randomly divided into an ARB group and a control group.
Patients in the ARB group received valsartan orally in a single-blind manner and were followed up for 6 months.
An evaluation was performed based on the criteria for clinical efficacies designed by the Committee of Vascular
Disease, Chinese Association of Integrative Medicine. The total clinical effective rate was calculated, and ankle
brachial index (ABI) of the patients was assessed. The concentrations of interleukin-6 (IL-6) and high-sensitiv-
ity C-reactive protein (hs-CRP) were measured using enzyme-linked immunosorbent assay. The in-stent reste-
nosis of patients was examined by angiography.

Results: One patient in the control group died due to acute cerebral hemorrhage 4 months after enrollment, and 1 pa-
tient was lost to follow-up due to acute myocardial infarction during follow-up 5 months after enrollment. Age,
sex, Fontaine stage, and underlying diseases were comparable between the 2 groups. Hs-CRP (3.93+1.43) and
IL-6 (11.26+2.29) levels were significant different in the ARB group compared with the control group. The post-
operative follow-up showed that ABI was 0.98+0.20 in the ARB group and 0.62+0.48 in the control group.

Conclusions: Valsartan inhibited the increase in hs-CRP and IL-6 levels, improved clinical efficacies, increased ABI, and de-
creased the restenosis rate after the interventional therapy in patients with arteriosclerosis obliterans of the
lower extremities.
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Background

Peripheral arterial diseases (PAD) are common vascular dis-
eases. The prevalence rate of PAD is up to 15.91% in the
Chinese elderly population (age over 60 years), and most cas-
es are not diagnosed. The existence of PAD indicates an in-
crease in severity-associated mortality [1]. The current treat-
ment methods include risk factor intervention, drug therapy,
surgical intervention, exercise therapy, and treatment with tra-
ditional Chinese medicine. The European Society of Cardiology
guidelines suggest that stent implantation is the preferred
method for mid-length lesions of the femoral artery [2], but
postoperative in-stent restenosis can affect clinical outcomes.
The 1-year patency rate is 45.1% for the percutaneous trans-
luminal angioplasty of lower-extremity arteries [3]. The 1-year
patency rate is 87.3% for self-expanding stent implantation
after surgery, and the restenosis after 6 months is 21.9% [4].
Stent implantation can prevent the occurrence of restenosis due
to the elastic recoil of blood vessels and vascular remodeling,
which inevitably causes damage to the vascular endothelium
and leads to vascular damage and rejection response, thereby
initiating acute [5] and chronic inflammatory responses of the
vascular walls and the release of cytokines and growth factors.
The transition and proliferation of smooth muscle cells are ac-
tivated by multiple signaling pathways to cause restenosis.

Overactivation of the renin-angiotensin-aldosterone system
(RAAS) can lead to pathological processes such as elevated
vascular resistance and proliferation and fibrosis of myocardial
and vascular smooth muscle cells. It can also promote endo-
thelial dysfunction and reduce blood fibrinolysis. Angiotensin ||
is an important product of RAAS. The activation of angioten-
sin Il and its receptors can produce reactive oxygen species,
accelerate vascular endothelial injury, and promote inflamma-
tory cell infiltration. The interaction between angiotensin Il
and its receptor is closely correlated with in-stent restenosis.
Valsartan is an angiotensin-receptor antagonist that can effec-
tively inhibit the proliferation of angiotensin Il — induced vas-
cular smooth muscle cells in rats. Its mechanism of action is
correlated with regulation of the expression of mitofusin-2 and
inhibition of the Ras-Raf-ERK/MAPK signaling pathway [6,7].
Administration of valsartan can increase the levels of hepato-
cyte growth factor in blood vessels, thus improving myocar-
dial and vascular remodeling [8]. A study found that valsartan-
eluting stents could inhibit neointimal hyperplasia in the stent
to effectively prevent in-stent restenosis by reducing the col-
lagen deposition and proliferation of smooth muscle cells [9].
Additionally, it has been revealed in recent years that valsar-
tan can inhibit restenosis [9] and need for revascularization
surgery [10] by inhibiting inflammatory factors [6-8] and reg-
ulating inflammatory responses.
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At present, the restenosis rate of endovascular therapy in ar-
teriosclerosis obliterans of lower extremities is high, and some
of these patients have to undergo revascularization and am-
putation after the surgery. Moreover, few studies have report-
ed on the clinical research of drug intervention, and interven-
tional therapy using valsartan for arteriosclerosis obliterans
of the lower extremities is rarely reported. This study aimed
to evaluate whether the clinical efficacy can be improved by
preoperatively administering valsartan to reduce the levels of
inflammatory factors and improving in-stent restenosis for pa-
tients with stent implantation in the superficial femoral artery.

Material and Methods

Basic data

This was a single-center, open, randomized, and prospective
cohort study. We assessed the clinical data of 196 hospitalized
patients who underwent stent implantation in the superficial
femoral artery due to arteriosclerosis obliterans of the lower
extremities and were enrolled from January 2016 to January
2019. The inclusion criteria were as follows: (1) patients sat-
isfied the diagnostic criteria for arteriosclerosis obliterans of
the lower extremities [11] and were confirmed to have super-
ficial femoral artery disease; (2) patients with Fontaine stage
[I-1V, manifesting as intermittent claudication, rest pain, tis-
sue ulcers, and gangrene; (3) patients undergoing stent im-
plantation in the superficial femoral artery, and intraoperative
angiography revealing recanalization but without residual re-
stenosis; and (4) patients not using ARBs,  receptor blockers
or angiotensin-converting enzyme inhibitors ACEls. The ex-
clusion criteria were as follows: (1) patients with acute low-
er limb ischemia; (2) patients with a previous history of stent
implantation or artificial bypass grafting of the lower extrem-
ities, or who could not tolerate interventional therapy; (3) pa-
tients without other ischemic inflammatory diseases such as
thromboangiitis obliterans, arteritis, Raynaud’s disease, and
cold-induced vascular diseases; (4) patients with lesions (ste-
nosis >50% or occlusion) involving the radial artery, middle and
distal segments of the popliteal artery, and blood vessels of the
calf; and (5) patients who had been taking ARBs. This study
was approved by the Ethics Committee of the hospital. The pa-
tients and their family members provided informed consent.

The patients were randomly divided into the ARB and control
groups, with 98 patients in each group. The single-blind meth-
od was used. The patients and their family members agreed
to participate in the study. In the ARB group, patients received
20-80 mg valsartan 48 h before the surgery, and interven-
tional therapy for arteriosclerosis obliterans of the lower ex-
tremities was performed at an elective date. Moreover, the fol-
low-up was performed by angiography 6 months after stent
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implantation. If blood pressure control of the patients was un-
satisfactory during the follow-up period, the dose of valsartan
was increased (the maximum dose was 160 mg). In the con-
trol group, the blood pressure of patients was controlled with
ARBs or ACEls. The blood pressure of patients in both groups
was controlled at about 140/80 mmHg.

The patients with stenosis in the superficial femoral artery of
greater than 80% and Fontaine stage IlI-IV underwent stent
implantation by well-trained surgeons specialized in interven-
tional vascular therapy in the hospital according to the angiog-
raphy of the lower extremities. The interventional method was
as follows. The patients were placed in supine position, and
surgical drapes were routinely sterilized. Local-infiltration an-
esthesia was given using 1% lidocaine. The contralateral fem-
oral artery of the affected limb was punctured using Seldinger
technique, 3000 U of heparin was intravenously injected, and
1000 U was added every 60 min. The contralateral femoral ar-
tery of the affected limb was used as the approach access. If the
guidewire could not pass through the lesion, retrograde access
was performed from the distal femoral artery of the affected
limb. Diagnostic angiography was conducted first to determine
the surgical plan. Through the angiography catheter, the tip of
a super-smooth guidewire was inserted into the femoral ar-
tery, and a 6F vascular sheath was inserted into the proximal
end of the lesion. A super-smooth guidewire or V18 guidewire
(diameter 0.018 inches and length 300 cm) was inserted into
the balloon along the guidewire and passed through the lesion.
Balloon dilatation was performed for the lesion, followed by
the implantation of a stent. A nickel-titanium self-expanding
stent was placed across the 1- to 2-cm lesion at both ends. If
the stent was not fully expanded, high-pressure post-expan-
sion was performed using a noncompliant balloon with the
diameter of greater than 10% of the reference blood vessels
until the stent expanded fully. The criterion of the technical
success of stent implantation was <10% postoperative resid-
ual stenosis, with no significant dissection or severe complica-
tions related to the surgery. The follow-up was continued for
6 months, and angiography of the lower extremity artery was
performed. In-stent restenosis was defined as the state when
the diameter of restenosis after stent implantation (inside the
stent or at the edge of the stent) by angiography was >50%;
new proliferative lesions 5 mm outside the edge of the stent
were also considered to be stent-related restenosis.

Criteria for clinical efficacy [12]: Clinical efficacies were de-
termined based on the criteria of the Committee of Vascular
Disease, Chinese Association of Integrative Medicine in October,
1995. Cure: The clinical symptoms of the lower extremities ba-
sically disappeared. The wounds of the limbs were completely
healed, and the disorder of blood circulation and rheography of
the end of the limbs improved significantly. The walking speed
was 100-120 steps/min, and walking could be continued for
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about 1000 m. Significantly effective: The clinical symptoms
improved significantly; the wounds of the limbs healed or al-
most healed; the disorder of blood circulation and rheography
of the ends of limbs improved; the walking speed was 100-120
steps/min, and walking could be continued for about 500 m.
Effective: The clinical symptoms were alleviated; the wounds of
the limbs were almost healed or shrank; the disorder of blood
circulation and rheography of the ends of the limbs improved;
the walking speed was 100-200 steps/min, and walking could
be continued for about 300 m. Ineffective: The symptoms and
signs did not improve, or the disease condition progressed af-
ter the treatment, and even amputation occurred. The total
effective rate=(1-ineffective/total cases) %.

Measurement of ankle brachial index (ABI): An 8-MHz Doppler
blood flow probe (Nippon Forest Electric Co.; instrument model:
ES21000SP) was used to measure ABI; the balloon of the sphyg-
momanometer cuff was 10 cm in width and 40 cm in length.
The systolic blood pressure of the bilateral upper limbs and the
ankle (posterior tibial artery or dorsal artery) was measured in
a standard supine position. The highest systolic blood pres-
sures of the upper limbs and the ankle were used. ABI was
the ratio of the highest systolic blood pressure of the poste-
rior tibial artery or dorsal artery to the highest systolic blood
pressure of bilateral upper limbs.

Detection of high-sensitivity C-reactive protein (hs-CPR) and
interleukin-6 (IL-6) levels in plasma: Excluding the patients
with infectious diseases, all other patients had 10 mL of blood
drawn in the fasting state on the morning before the surgery
and 6 months after the surgery. Subsequently, the blood was
centrifuged at 3000 rpm for 10 min. The serum was extract-
ed and placed in tubes, which were then stored in a freezer
at =70°C. The serum hs-CRP and IL-6 levels were tested using
an automatic biochemical analyzer (Beckman Coulter AU5800
series, Beckman Coulter Co., USA).

Statistical analysis: Data were analyzed using IBM SPSS
STATISTICS 23.0 SPSS23.0 software. Continuous data were
represented by X+standard deviation. (1) Comparison of base-
line data: The ages of the 2 groups were compared with the
2 independent-samples t test, while data on sex, staging, and
underlying diseases were compared using the chi-square test.
(2) The clinical efficacies of the groups were compared using
the Mann-Whitney U test. (3) The ABI and the levels of hs-CRP
and ABI were compared between the 2 groups using the paired
t test. (4) Restenosis was compared using the chi-square test.
All the tests were bilateral, and a#=0.05 was set as the statis-
tically significant level.
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Results

A total of 196 patients with arteriosclerosis obliterans of the
lower extremities, who underwent stent implantation in the
superficial femoral artery in Cangzhou Hospital of Integrated
TCM-WM, Hebei, from January 2016 to January 2019, were in-
cluded. The patients were randomly divided into the ARB and
control groups. The mean interval from the time after inter-
ventional therapy to the follow-up examination of angiogra-
phy was 183442 days. In the control group, 1 patient died
4 months after enrollment due to acute hemorrhage, and
1 patient lost to follow-up 5 months after enrollment due to
acute myocardial infarction. Data were collected for statistical
analysis from the initial stent implantation for arteriosclero-
sis obliterans of the lower extremities to angiography after 6
months of follow-up. After admission, age, percentage of male
patients, history of hypertension, history of coronary heart dis-
ease, smoking history, glycosylated hemoglobin level, and clin-
ical Fontaine stage before the surgery, as well as number of
patients with stent length of greater than 15 cm after inter-
ventional therapy, were not statistically significant (P>0.05),
which were comparable (Table 1).

Clinical efficacies

In the ARB group, 21 cases (21.4%) were cured, 49 (50.0%)
were significantly effective, 25 (25.5%) were effective, while

Table 1. Comparison of baseline data between the 2 groups.
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3 (2.7%) were ineffective. The total effective rate was inef-
fective/cured+significantly effective+effective%, which was
97.95%. In the control group, 13 patients (13.5%) were cured,
24 (25.0%) were significantly effective, 44 (45.8%) were inef-
fective, while 15 (15.6%) were ineffective. The total effective
rate was ineffective/cured+significantly effective+effective%,
which was 84.37%. The differences between the 2 groups were
statistically significant (P<0.05) (Table 2).

Comparison of restenosis

Six months after the surgery, the restenosis rate was 10.2%
in the ARB group and 29.2% in the control group, with a sta-
tistically significant difference (P<0.05) (Table 3).

Comparison of hs-CRP and IL-6 levels in plasma and ABI

Hs-CRP decreased in both groups. Six months after the sur-
gery, the hs-CRP level decreased from (9.60+2.56) before sur-
gery to (3.93+1.43) after surgery in the ARB group, while it
decreased from (10.31+3.12) before surgery to (7.27+1.67) af-
ter surgery in the control group. The difference between the
2 groups 6 months after valsartan treatment was statistically
significant (P<0.05). The IL-6 level decreased in both groups:
from (26.45+5.23) before surgery to (11.26+2.29) after sur-
gery in the ARB group, and from (27.12+3.12) before surgery
to (16.74+1.90) after surgery in the control group. The IL-6 level

ARB group (98 patients)

Age 53.1£6.2
CFemalesex 2
History of hypertension | s
Smokinghistoy 57
Coronary heart disease O
Glycated hemoglobin 61512
Clinical Fontaine stage it~ | 6
CStentlength>15cm 0

Control group (96 patients)

55.1+8.3 0.347
""""""""""" no osa
""""""""""" 6  oees
""""""""""" e  om9
””””””””””” 2 s
"""""""""" 6015 o5
""""""""""" oo om4
""""""""""" s o3

P<0.05, compared with the control group.

Table 2. Comparison of the clinical efficacies between the 2 groups.

Significantly

Cus effective

Effective

Total effective

Ineffective
rate

21.4% (21) 50.0% (49)

25.5% (25) 27% (3)

97.95%
0.003
84.37%

Control group 96 13.5% (13) 25.0% (24) 45.8% (44) 15.6% (15)

P<0.05, compared with the control group.
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Table 3. Comparison of restenosis between the 2 groups.

ARB group (98 patients)

CLINICAL RESEARCH

Control group (96 patients)

Restenosis rate 11.22% (11) 30.21% (29) 10.678 0.001
P<0.05, compared with the control group.
Table 4. Comparison of ABI and the levels of hs-CRP and IL-in the 2 groups.
No. of patients Before the surgery 6 months after the surgery t P
ARB group 98 9.60+2.56 3.93+£1.43
ST i e -9.780  0.001
Control group 96 10.31+3.12 7.27+1.67
ARB group 98 26.45+5.23 11.26+2.29
M3 MR e s e -3.420  0.000
Control group 96 27.1243.12 16.74+1.90
ARB group 98 0.61+0.59 0.98+0.20
L [ 6230  0.001
Control group 96 0.58+0.71 0.62+0.48

P<0.05, compared with the control group.

was significantly different after 6 months of valsartan treat-
ment (P<0.05). After 6 months of follow-up, ABI was 0.98+0.20
in the ARB group and 0.62+0.48 in the control group, and the
difference was statistically significant (P<0.05) (Table 4).

Discussion

The present study demonstrated that the administration of val-
sartan before interventional therapy for patients with arterio-
sclerosis obliterans of the lower extremities could improve
postoperative clinical efficacies. Moreover, ABI improved sig-
nificantly compared with the control group. After excluding
infectious factors, serum hs-CRP and IL-6 levels 6 months af-
ter the surgery in the ARB group were significantly reduced
compared with that in the control group. Also, restenosis in
the ARB group was significantly lower than that in the control
group, indicating that valsartan partially improved the reste-
nosis rate, improving the poor prognosis of patients with ar-
teriosclerosis obliterans of the lower extremities and reduc-
ing re-interventional therapy and amputation to some extent.

Mechanical injury in angioplasty can activate the renin-angio-
tensin system, increase the inflammatory cytokine levels in
targeted atherosclerotic plaques, and aggravate impaired tar-
geted blood vessels and systemic atherosclerosis, leading to
acute thrombosis and vascular remodeling. It also elevates the
restenosis rate, resulting in revascularization or amputation
for some patients. A study showed that valsartan could in-
hibit atherosclerosis, reduce plaque burden in atherosclerotic
vessels [13], and increase fibrous cap thickness and collagen

content in plaques, leading to a decrease in plaque vulnerabil-
ity [14] and thus inhibiting the expression of matrix metallo-
proteinase-9 after stent implantation [9]. Valsartan could pro-
mote a decrease in serum monocyte chemoattractant protein-1
(MCP-1). It also inhibited the expression of peroxisome prolif-
erator-activated receptor y (PPARy) in monocytes [15], which
stabilizes plaques, causes anti-vascular smooth muscle prolif-
eration and anti-inflammation [16,17], prevents cardiovascu-
lar remodeling [16] and intimal hyperplasia [18], reduces the
area of new membranes [13], reduces the incidence rate of in-
stent restenosis, and reduces the revascularization rate [19].
The present study confirmed that the oral administration of
valsartan from before surgery to 6-month follow-up could re-
duce the release of inflammatory factors, reduce restenosis,
and improve clinical prognosis for patients with arteriosclero-
sis obliterans of the lower extremities who underwent stent
implantation in the superficial femoral artery.

This study has the following limitations: (1) The sample size
was small, and the study was a single-blind experiment, not
a double-blind experiment. (2) The dose of valsartan could not
be well controlled, which was based on the blood pressure, and
different doses of valsartan might have affected the results.
(3) The follow-up time was short, and the long-term clinical
efficacies of the patients could not be evaluated. During the
6 months of follow-up, the results showed that valsartan im-
proved the restenosis rate and the short-term efficacies com-
pared with the control group. Future studies should explore the
mechanism of valsartan in preventing restenosis after endo-
vascular treatment for patients with arteriosclerosis obliterans
of the lower extremities. They should also investigate whether
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endovascular treatment can improve middle- and long-term
clinical efficacies of patients with arteriosclerosis obliterans
of the lower extremities.

Conclusions

In summary, the oral administration of valsartan in this study
reduced the restenosis rate and improved clinical prognosis.
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This study provides a better idea for use of restenosis. However,
multiple mechanisms and long-term clinical efficacies of val-
sartan in preventing in-stent restenosis should be further in-
vestigated for patients with arteriosclerosis obliterans of the
lower extremities.
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