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INTRODUCTION

Occlusive vascular disease is a leading cause of human death. 
Although endovascular therapy has developed quickly, autolo-
gous vein bypass grafting remains the most effective treatment 
for occlusive vascular disease, especially in coronary artery dis-
ease.1,2 However, autologous vein bypass grafting has some dis-

advantages: For instance, 10% to 15% of vein grafts (VGs) are 
occluded at 1 year after surgery, and half of the grafts lose their 
function within 10 years3 due to vein graft failure (VGF), for 
which VG stenosis is the main cause. Endovascular treatment, 
including balloon dilation, bare metal stent (BMS), and drug-
eluting stent (DES), can effectively improve the prognosis of 
VGF.4-7 Nevertheless, endovascular treatment for VGF still has 
long-term issues, including long-term thrombosis, excessive pro-
liferation of the intima, long-term use of antiplatelet drugs, and 
other serious adverse events.

The emergence of biodegradable stents has opened new 
promising avenues for the treatment of VGF. Biodegradable 
magnesium alloy stents (BMASs) are the most studied biode-
gradable scaffolds. Compared to an absorbable polymer stent, 
BMAS has a better bracing force and tissue compatibility. In 
2003, magnesium alloy stents composed of the alloy AE21 
(containing 2% aluminum and 1% rare earths) were implanted 
in the coronary arteries of swine for the first time.8 In 2013, Haude, 
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et al.9 reported the results of the first drug-eluting absorbable 
metal scaffold (DREAMS). In the same year, the second-gener-
ation drug-eluting absorbable metal scaffold (DREAMS 2G), 
which had an improved stent structure and used rapamycin as 
the eluting drug, was also put into a clinical trial. Therein, a 
loss of lumen diameter of 0.27±0.37 mm and a target vessel 
failure rate of 3% at 6-month follow-up were reported.10

Initially validated for the treatment of coronary artery dis-
ease, BMASs have not yet been analyzed for the treatment of 
VGF. In the present study, we implanted a BMAS into a VG anas-
tomotic stenosis animal model to investigate the stent degra-
dation process and its influence on VG remodeling. The results 
of this study were expected to provide new evidence for the po-
tential clinical application of BMASs for the treatment of VGF.

MATERIALS AND METHODS

Animals and experimental design
In total, seventy two New Zealand white rabbits, weighing 2.5± 
0.2 kg, were provided standard food and care. Autologous jugu-
lar-abdominal aorta transplantation was performed on the ex-
perimental animals (Fig. 1A). Then, the animals were randomly 
divided into one of the following three groups at 1 month after 
transplantation: no-treatment control (NC) group (n=24), 316L 
group (n=24), and BMAS group (n=24). A BMAS was implanted 
in the graft vein in the BMAS group, and a 316L stainless steel 
stent was implanted in the 316L group. No stent was implanted 
in the NC group. The animals in each group were anaesthetized 
and sacrificed at 1 month (n=6), 2 months (n=6), 3 months 
(n=6), and 4 months (n=6) after stent implantation to obtain 
specimens. Histological experiments were performed on the 
specimens of the grafted veins and internal organs. Blood sam-
ples were collected before the animals were sacrificed.

The BMAS and 316L stainless steel stent used in the experi-
ment were both provided by the Institute of Metal Research, 
Chinese Academy of Sciences (Shenyang, China). The BMAS 
was a balloon-expandable stent and laser cut from a AZ31B mag-
nesium alloy tube with a 3-mm diameter and 15-mm length and 
with a stent strut diameter of 155±65 mm (Fig. 1B). 316L stain-
less steel stents with the same specifications were used as con-
trols. The surface of the BMAS was treated with a chemical con-
version coating and a polymer coating to effectively control 
the degradation rate. The radial support force could reach 10.9 
N when the BMAS was extended to 3 mm (Fig. 1C).

All procedures obeyed the animal study ethics authorized 
by the Animal Care Committee of Chinese Medical University. 
We also obtained IACUC approval (No. 201603027). 

Animal model and stent implantation
To perform autologous jugular-abdominal aorta transplanta-
tion, animals were anesthetized with an intravenous injection 
of 30 mg/kg of phenobarbital. All surgical procedures were per-

formed under sterile conditions. The left external jugular vein, 
with a length of 0.8 cm, was end-to-end grafted onto the infra-
renal abdominal aorta using 9/0 vascular sutures (Ethicon, Inc., 
Shanghai, China) in a nonreversed configuration (Fig. 1D). 
Twelve interrupted sutures were required to seal each end. 
The infrarenal abdominal aorta was clamped for an average of 
45 min. The incision was disinfected thoroughly with penicillin 
saline and sutured layer by layer. Penicillin was given for 3 
days in a row after the operation to prevent postoperative in-
fection.

Animals were anesthetized again at postoperative 1 month. 
Digital subtraction angiography (DSA) was carried out via the 
marginal ear vein to measure the diameter of the abdominal 
aorta, as well as proximal and distal anastomosis of the VG. Two 
stents were randomly selected for implantation into the nar-
row anastomosis of the VG. Animals without stent implanta-
tion were used as NCs. Therein, a surgical incision was made 
in the neck, and the right carotid artery was exposed. A 5-F mi-
cropuncture set (Cook Inc., Bloomington, IN, USA) was insert-
ed into the common carotid artery. A 4-F pigtail catheter (Teru-
mo Medical Corporation, Somerset, NJ, USA) was transported 
to the infrarenal abdominal aorta to obtain high-resolution 
abdominal aortic artery angiography and to determine the VG 
position and length. Heparin (200 U/kg) was instilled through 
the catheter to prevent thrombosis before stent implantation. 
The BMAS and the 316L stents with a balloon were delivered 
to the VG across the anastomosis at both ends. The balloon 
was dilated by inflation at 6 atm of pressure for 30 s, which was 
repeated three times. After the stent was released, abdominal 
aortic angiography was used to confirm that the anastomotic ste-
nosis of the grafted vein was patent and supported by the stent. 
The right carotid artery was ligated, and the incision was su-
tured layer by layer. All animals were treated with oral aspirin 
(2 mg/kg/d) until sacrificed to prevent thrombosis.

Follow-up observation
DSA and ultrasonography were carried out at different time 
points after stent implantation under anesthesia. 10 mL of io-
hexol was injected into the auricular vein to obtain the VG seg-
ment images. The diameter of the two-end anastomosis was 
measured by DSA. Diameter loss of anastomosis is defined as 
the difference between abdominal aortic diameter and anasto-
motic diameter. Doppler ultrasonography was performed se-
quentially to observe the morphology of the stent and VG anas-
tomosis.

Histology
Animals were sacrificed at the 1, 2, 3, and 4 months after im-
plantation to obtain the VG specimens. Ligation of the infrare-
nal abdominal aorta and the bilateral iliac artery was performed 
in the animals (n=3 per group) that were used to observe neo-
intimal proliferation. An incision in the unilateral internal iliac 
artery was made, and VG was irrigated with heparinized saline 
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three times (10 mL per time) through the catheter-punctured 
abdominal aorta. Thereafter, polyformaldehyde was infused 
for 30 min with a pressure of 100 mm Hg. The VG specimens 
were excised at both ends of the anastomosis at a 2-mm dis-
tance from the suture. Stents in the sample were dissolved in 
10% nitric acid for 20 min. The VG specimens were fixed in 
formalin and xylene and dehydrated in graded ethanol, fol-
lowed by paraffin embedding or neutral resin packaging. He-
matoxylin and eosin (H&E) and elastic Verhoeff-van Gieson 
staining were performed according to standard protocols. The 
staining was observed under an ordinary optical microscope 
(TE2000-S, Nikon, Tokyo, Japan). ImageJ 1.41 software (National In-
stitutes of Health, Bethesda, MD, USA) was used to measure the 
internal elastic lamina (IEL) and lumen area. Neointimal area 
was defined as the difference between IEL and lumen area.

Evans blue
Animals (n=3) were injected with 0.5 mL/kg of 0.5% Evans blue 

solution at 30 min before sacrifice: Evans blue dye can dye vas-
cular intima not covered by endothelial cells. The anastomotic 
specimens were put into 1 mL of formamide solution at 4°C 
overnight to extract the dye. After extraction, 100 μL of for-
mamide was placed in a 96-well plate, which was measured at a 
wavelength of 620 nm using a spectrophotometer (Model 680, 
Bio-Rad, Hercules, CA, USA). 

Determination of scaffold degradation 
The anastomotic specimens were fixed with 2.5% glutaralde-
hyde solution. Specimens were cut along the vascular axis and 
then fixed on a filter paper. After the sample was dehydrated, 
dried, and treated with an alcohol gradient, the blood vessel en-
dothelium was examined. To observe the degradation prod-
ucts of the scaffold, specimens were dehydrated in increasing 
alcohol concentrations and vertically embedded in epoxy res-
in, followed by cross-section preparation. Thereafter, scanning 
electron microscopy (SEM) and X-ray energy dispersive spec-

Fig. 1. Stent design and vein graft model. (A) Study design. (B) Demonstration of BMAS. (C) BMAS support force test. (D) Surgery of vein transplantation. 
BMAS, biodegradable magnesium alloy stents.
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mals were found to have atherosclerotic plaque formation be-
tween the stent and the vein; this finding was not identified in 
the NC or BMAS group (Fig. 2E-H).

Comparison of diameter loss and the neointimal area 
of the VG between the control, 316L, and BMAS 
groups 
There was no significant difference in the diameter of the 
anastomosis or the proximal or distal ends among these three 
groups at 1 month after transplantation. The lumen diameter 

trometry (EX250, HORIBA Scientific, Kyoto, Japan) were per-
formed to analyze the chemical composition.

X-ray tomography
Parts of the VG samples were examined with high-resolution 
X-ray tomography (XRT). Briefly, specimens were placed in 
an Eppendorf tube for XRT (VersaXRM-500, Carl Zeiss, Jena, 
Germany) examination. The threshold value of the three-di-
mensional pixel was set to 1 mm. Two-dimensional images 
were obtained by a direct scan, followed by three-dimension-
al reconstruction. The optimum threshold was chosen to sep-
arate the stent from the vascular tissue background.

Determination of biocompatibility
Blood samples were collected from the auricular median ar-
tery at different time points after stent implantation. The se-
rum from each animal was collected to analyze the blood bio-
chemical indices (AU2700, Olympus, Tokyo, Japan), including 
K, Na, Cl, Ca, P, Mg, glutamic pyruvic transaminase, alkaline 
phosphatase, total protein, human albumin, total bilirubin, 
urea, creatinine, and fibrinogen. Internal organ tissues (heart, 
liver, spleen, lung, and kidney) were simultaneously obtained 
when the animals were sacrificed, then fixed, paraffin embed-
ded, and sectioned at a 5-µm thickness. Five sections were se-
lected per organ and stained with H&E. The pathological con-
ditions of the specimens were determined by two pathologists 
who were blinded to the group classifications.

Statistical analysis
All values are expressed as a mean±standard deviation. When 
equal variance and normality were observed, analysis of vari-
ance followed by the least significant difference test or the Stu-
dent’s t test was used to determine the significant differences 
between groups. When either the equal variance test or normal-
ity test failed, the Kruskal-Wallis (with Dunn’s method for post 
hoc) or Mann-Whitney U test was used. p values <0.05 were 
considered indicative of a statistically significant difference. 
Analyses were conducted using Statistical Product and Service 
Solutions software (SPSS Statistics 19.0, IBM Corp., Armonk, 
NY, USA).

RESULTS

General information regarding transplantation and 
implantation during the follow-up period 
The procedures of vein transplantation and stent implantation 
were all successful, and all experimental animals survived and 
were followed up (Fig. 2A and B). No systemic toxicity was ob-
served, and no VG occlusion, stent migration, or thrombosis 
was observed by ultrasonography during the follow-up period. 
As examined by DSA, the morphology of the VG and restenosis 
could be observed (Fig. 2C and D). In the 316L group, three ani-

Fig. 2. General information regarding transplantation and implantation 
during the experimental process. (A and B) The graft vein. (C and D) Digi-
tal subtraction angiography examination of the graft vein. The graft vein 
with stent implanted (C) and graft restenosis (D). (E-G) Formation of ath-
erosclerotic plaque between the stent and vein in three animals of the 
316L group. (H) Representative vein graft specimen from the BMAS group. 
BMAS, biodegradable magnesium alloy stents.
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of the anastomosis was obviously improved due to the support 
of the stent. After stent implantation, the diameter loss of the 
VG anastomosis was observed by DSA (Fig. 3A). At 1 month 
after stent implantation, the anastomotic diameter loss at 
proximal anastomosis in the BMAS (0.05±0.34 mm) and 316L 
(0.27±0.17 mm) groups was less than that in the NC group 
(0.90±0.39 mm, p=0.001 and p=0.006, respectively). Results 
were similar for distal anastomosis (BMAS 0.23±0.26 mm vs. 
NC 0.85±0.29 mm, p=0.016 and 316L 0.32±0.43 mm vs. NC 
0.85±0.29 mm, p=0.028). There were no significant differences 
between the BMAS and 316L groups. At 2 months, diameter 
loss at both the proximal and distal anastomoses of the BMAS 
group was less than that in the NC group. However, diameter 
loss in the 316L group was greater than that of the BMAS group. 
Due to BMAS degradation, the radial force began to decrease 
gradually at 3 months after implantation, while the proximal 
anastomotic diameter loss of the BMAS group was still less than 
that of the NC group and the 316L group (BMAS vs. NC, p= 
0.004, BMAS vs. 316L, p=0.011). There were no significant dif-
ferences among these groups at 4 months after implantation. 
Overall, the BMAS significantly improved anastomotic diame-
ter during the early period after implantation, and its support 

force was comparable to that of the 316L stent (Fig. 3B).
Next, we used ImageJ software to measure the neointimal 

area of VG among the three groups by elastic Verhoeff-van Gie-
son staining (Fig. 3C). Neointimal area was defined as the dif-
ference between IEL and lumen area. No significant difference 
in the area of IEL between these groups was observed during the 
follow-up period. During the follow-up period, the lumen area 
of the anastomosis decreased gradually, while the neointimal 
area increased gradually. There were no significant differences 
in the neointimal areas between these groups at 1 month after 
stent implantation. However, at 4 months the 316L group signif-
icantly increased neointimal areas, compared with the NC 
group (6.80±0.69 mm2 vs. 4.12±0.62 mm2, p=0.005). While the 
neointimal area in BMAS group was smaller than 316L group 
at 4 months (4.96±0.66 mm2 vs. 6.80±0.69 mm2, p=0.017), and 
there was no difference between BMAS and NC group (p= 
0.290) (Fig. 3D). 

Next, endothelial repair of the VG was analyzed with Evans 
blue staining and SEM. Evans blue staining decreased gradual-
ly in the BMAS and NC groups, but not in the 316L group. There 
were no significant differences at the various follow-up time 
points between the BMAS and NC groups. At 4 months after 
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stent implantation, the OD value of the 316L group was signif-
icantly higher than that of the other two groups (0.188±0.320 
vs. 0.084±0.010, p=0.001) (Fig. 4A and B), suggesting a decrease 
in Evans blue staining, which suggests poor endothelial repair. 
At 2 months after stent implantation, SEM showed that the sur-
face of the stent was covered with smooth muscle cells. A small 
number of endothelial cells was also observed. At 4 months af-
ter implantation, the surface of the BMAS was very smooth and 
the endothelium of the VG was well repaired. However, the 
316L stent wire showed a large number of exposed vascular 
smooth muscle cells (VSMCs), and the VG re-endothelializa-
tion was delayed (Fig. 4C), suggesting that the BMAS promotes 
re-endothelialization. 

BMAS degradation 
Next, we examined the degradation of the BMAS with XRT and 
H&E staining. At 1 month after the BMAS implantation, the 
scaffold was supported well, and the shape was complete, as 
revealed by XRT. Within 2–3 months, the continuity of the stent 
was gradually lost, and the structure of the BMAS was incom-
plete. Through XRT, we found that the contrast of the bracket 

had changed, indicating that the metal content had changed. 
At 4 months, the stent wire was completely degraded (Fig. 5A). 
H&E staining also revealed a similar BMAS degradation pro-
cess. The stent wires showed irregular cracks (Fig. 5B), as well 
as a tendency to degrade from the circumference to the center, 
as revealed by SEM. The degradation process of the scaffold 
showed that the Mg content decreased gradually, while the Ca 
and P contents increased (Fig. 5C).

BMAS implantation did not induce any tissue damage
Next, we examined pathological changes in tissue sections of 
the heart, liver, spleen, lung, and kidney with H&E staining. We 
did not find any abnormal histological changes in the three 
groups (Fig. 6). Also, no significant differences in the blood in-
dices were observed among the three groups during the fol-
low-up period (Table 1). Thus, we concluded that the BMAS 
did not induce any pathological changes in any of the organs 
examined, at least during the first 4 months after stent im-
plantation. 
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DISCUSSION

The efficacy of using endovascular stent implantation for the 
treatment of VGF has been acknowledged. DESs have a better 
patency rate than BMSs, which are superior to balloon dilation.11,12 
Brennan, et al.4 performed a comparative study on stents in 
49325 older adult patients (age >65 years old) with SVG disease 
and found that, at the end of the 3-year follow-up period, DESs 
had a lower all-cause mortality rate than BMSs (22.7% vs. 28.0%, 
p<0.001; 0.83–0.91); however, no significant differences were 
observed with regard to myocardial infarction or TLR. In ad-
dition, Pokala, et al.5 compared the effects of the first and sec-
ond generation of DESs in SVG disease treatment and conclud-
ed that both the first- and second-generation DESs showed 
high event rates, but did not show any significant difference in 
all-cause mortality in patients with myocardial infarction or TLR, 
suggesting that the existing stents did not show a satisfactory 
therapeutic efficacy in the treatment of SVG. Therefore, it is 
imperative to devise new stents to reduce adverse outcomes 
of patients with SVG. 

Vascular injury repair and remodeling are typically complet-
ed within 6–12 months, and thereafter, the permanent metal 
stent offers no benefit to the vessel. A biodegradable stent is an 

effective means with which to solve this problem in a number 
of ways. For instance, it can provide mechanical support in 
the early stage after the operation and can be absorbed by the 
body through degradation to restore the diastolic contractile 
function of vessels.13,14 Previous animal experiments8,15 and 
clinical findings9,10,16 have suggested that BMASs are most like-
ly to change the current treatment method due to their excel-
lent characteristics. In the present study, we observed that the 
BMAS effectively supported VG anastomosis and increased the 
diameter of the lumen within 1–3 months after implantation. 
After BMAS implantation, morphological changes were in-
duced within 2–3 months, and the radial force was gradually 
reduced. At the end of the 4-month observation, no obvious loss 
of the lumen diameter was observed. Therefore, we believe 
that a BMAS offers great benefits to a VG during the first 1–3 
months, which is the critical period for injured vessels to re-
gain function. 

In-stent restenosis is the main cause of failure after stent im-
plantation. The main pathological manifestation is excessive 
intimal proliferation.17 The proliferation and migration of VSMCs 
plays an important role in this pathological process.18 Sternberg, 
et al.19 applied different concentrations of Mg2+ in vitro to ex-
plore its effects on VSMCs and vascular endothelial cells (VECs) 
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C

Fig. 5. Examination of the BMAS degradation process. (A) Stent morphology by X-ray tomography in vitro. The continuity of the stent was gradually 
lost, and the contrast of the bracket has changed, which means the metal content had changed. (B) Hematoxylin and eosin staining showing a BMAS 
tissue section (×63). (C) Analysis of BMAS degradation products. The analysis showed that the Mg content decreased gradually, while the Ca and P 
contents increased. BMAS, biodegradable magnesium alloy stent.
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and found that Mg2+ inhibited VSMC proliferation and promot-
ed VEC proliferation. Moreover, Ma, et al.20 reported that Mg2+ 
induced VMSC biphasic responses in a dose-dependent man-
ner. A low concentration of Mg2+ was beneficial to the biological 
activity of VSMCs, while a high concentration was toxic. Fur-
thermore, Waksman, et al.15 implanted BMASs and stainless 
steel stents into the coronary arteries of pigs and observed that 
at the 28-day and 3-month time points, the intimal area of the 
BMAS was significantly smaller than that of a stainless steel stent. 
Additionally, Li, et al.21 implanted a BMAS eluting with rapamy-
cin (SEBMAS) into the lower abdominal aorta after balloon in-
jury and found that the SEBMAS was able to further reduce 

neointimal proliferation. In the present study, we found that the 
neointimal area of the BMAS group was slightly larger than that 
of the NC and 316L groups at 2 months. This result may be due 
to a decrease in radial force, which resulted in neointimal pro-
liferation. However, the area growth rate of the BMAS group was 
obviously lower than that of the 316L group at the later follow-
up time point, indicating that the BMAS was more effective 
than 316L in reducing neointimal area growth. 

Vascular re-endothelialization is an important process in 
vascular injury repair, and delay of endothelialization is the 
major cause of intimal hyperplasia and thrombosis. Although 
a number of studies have examined the effects of Mg on neo-
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Fig. 6. BMAS implantation did not induce any tissue damage. Hematoxylin and eosin staining was performed on tissue sections prepared from differ-
ent organs as indicated. Magnification, ×400. BMAS, biodegradable magnesium alloy stent.

Table 1. Comparison of Plasma Biochemical Indices of the Control, 316L, and BMAS Groups at 1 Month after Stent Implantation

NC 316L BMAS p value
K (mmol/L) 3.47±0.67 3.30±0.40 3.09±0.38 0.428
Na (mmol/L) 136.28±5.08 135.47±9.60 137.27±3.89 0.901
Cl (mmol/L) 92.06±4.29 89.30±9.17 89.33±5.15 0.747
ALT (U/L) 61.40±16.92 56.00±19.18 52.17±19.09 0.719
ALKP (U/L) 82.40±24.91 62.00±26.40 57.33±20.53 0.233
TP (g/L) 53.38±5.96 51.28±9.09 57.12±4.83 0.362
ALB (g/L) 28.64±3.54 28.92±6.32 28.63±1.65 0.992
TBIL (µmol/L) 4.66±1.20 3.48±0.91 4.16±1.45 0.301
Urea (mmol/L) 5.54±0.91 7.18±1.59 5.73±2.07 0.214
CREA (µmol/L) 75.80±19.64 69.50±11.91 73.20±25.33 0.893
Ca (mmol/L) 3.20±0.25 3.20±0.28 3.18±0.15 0.976
P (mmol/L) 1.72±0.28 1.72±0.46 1.77±0.27 0.961
Mg (mmol/L) 1.13±0.26 1.03±0.14 0.92±10.11 0.162
FIB (g/L) 3.67±1.30 4.25±1.49 3.41±1.68 0.411
NC, no-treatment control; 316L, 316L stainless steel stent; BMAS, biodegradable magnesium alloy stent; ALT, alanine aminotransferase; ALKP, alkaline phospha-
tase; TP, total protein; ALB, human albumin; TBIL, total bilirubin; CREA, creatinine; FIB, fibrinogen.
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intimal formation, few studies have analyzed the impact of Mg 
on re-endothelialization. Maier, et al.22 found that 10 mM MgCl2 
stimulated the proliferation of VECs. In addition, Zhao, et al.23 
showed that Mg has a concentration-dependent effect on the 
cellular biological activity and that a low concentration of 
MgCl2 (<20 mM) promotes the migration of VECs. These find-
ings together suggested that the BMAS has an advantage in 
promoting re-endothelialization. In line with these observa-
tions, we found that, compared to the 316L stent, the BMAS 
prompted re-endothelialization at an earlier time point after 
implantation, which is conducive to avoiding thrombosis and 
other adverse events. At present, animal studies and clinical tri-
als have been performed on newly developed drug-eluting 
BMASs.10,21 Our team has also designed a rapamycin-eluting 
BMAS, and the related tests are underway. While drug elution 
from a BMAS has a better effect on inhibiting neointimal prolif-
eration, it also delays the process of re-endothelialization. There-
fore, the gains and losses need to be carefully weighed before 
its clinical application. 

The existing BMAS degradation time was usually within 2–12 
months after implantation.10,24 The stents used in the present 
study were treated with chemical conversion coating and poly-
mer coating, and were degraded within 4 months after implan-
tation. Mg was not observed by X-ray, which made the stents 
difficult to follow up for further examination using regular 
methods. This characteristic brought difficulties in the implan-
tation and follow-up observation. It was difficult to observe the 
overall situation of the stent by adding platinum, tantalum, or 
other metal points as the marker. Our team successfully used 
color Doppler ultrasound to view the degradation process of 
BMASs in vivo. Compared to intravascular ultrasound and op-
tical coherence tomography, this noninvasive method is more 
convenient and cost-efficient, and it is suitable for the clinical 
follow-up of implanted BMASs in the future. At the same time, 
we used XRT to evaluate BMAS degradation in vitro using dif-
ferent microstructure contrast imaging methods. Our findings 
suggested that XRT can be used to reveal the differences in the 
rate of degradation of different parts of the scaffold, thus pro-
viding the basis for improving the scaffold design.

Although BMAS exhibits many advantages over convention-
al stents, it also has its own disadvantages. For instance, Mg 
has a poor corrosion resistance, and a high concentration of Mg2+ 
(>50 mM) inhibits the migration of endothelial cells and reduc-
es the adhesion between a cell and a substrate. Also, the quick 
metal degradation has been shown to decrease the local pH, 
which subsequently triggers inflammation and hemolysis.25 
In addition, whether elastic recoil and negative remodeling 
can occur during the stent degradation process has been an is-
sue of concern.26 Therefore, the rate of degradation of the BMAS 
needs to be tightly controlled so that the degradation products 
may offer benefits to vessel remodeling. In the present study, 
we treated the BMAS surface to reduce the rate of degradation, 
and we did not observe any severe inflammatory reaction. 

However, due to technical limitations, we were not able to fol-
low the Mg2+ concentration or the local pH during degradation. 

The present study had a number of limitations. First, the re-
modeling of the VG after complete degradation of the BMAS 
needs further examination. Second, how the degradation prod-
ucts of the BMAS are absorbed remains unknown. Third, the 
proposed mechanisms underpinning BMAS-mediated VG re-
modeling needs to be further corroborated in future studies.

In conclusion, we demonstrated in the present study that 
the BMAS is safe and efficient for the treatment of VG restenot-
ic anastomosis, as evidenced by the following: 1) no thrombo-
embolism was observed during the follow-up period; 2) the 
diameter loss and neointimal area of the anastomosis were 
smaller than those of the 316L stent, and re-endothelialization 
was better than with the 316L stent; and 3) no significant toxic-
ity was observed. Therefore, our study provides a basis for the 
potential clinical application of the BMAS in VGF treatment in 
the future. 
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