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Abstract
Aims: Among three versions of bioresorbable magnesium scaffolds featuring different paclitaxel-elution 
kinetics, we determined the best-performing scaffold and compared it with established, paclitaxel-eluting, 
permanent stents TAXUS Liberté and eucaTAX.

Methods and results: Drug-elution kinetics in magnesium scaffolds were modulated by varying the com-
position of their bioresorbable poly(lactide-co-glycolide) coating loaded with paclitaxel. A 50:50 ratio of 
lactide to glycolide, or an 85:15 ratio and either high- or low-molecular-weight polymer was applied in the 
“50/50”, “85/15H”, and “85/15L” scaffolds, respectively. Seventy-three magnesium scaffolds (25 50/50, 
24 85/15H, 24 85/15L) and 36 control stents (18 TAXUS Liberté, 18 eucaTAX) were implanted in coronary 
arteries of 50 Yucatan mini-pigs. Angiography, histomorphometry, and histopathology data were acquired at 
28, 90 and 180 days. The best-performing magnesium scaffold, 85/15H, was equivalent to TAXUS Liberté 
and superior to eucaTAX regarding late luminal loss, intimal area, fibrin score, and endothelialisation. Intimal 
inflammation score was higher in 85/15H than in the control stents at 28 days, but this effect disappeared at 
later time points.

Conclusions: By selecting suitable paclitaxel-elution kinetics, it was feasible to develop a bioresorbable 
magnesium scaffold whose efficacy and healing characteristics in a porcine coronary model are comparable 
with those of established paclitaxel-eluting permanent metallic stents.
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Introduction
Bioresorbable scaffolds offer numerous potential advantages over 
current stent technologies and are therefore heralded as the fourth 
revolution in interventional cardiology after the invention of balloon 
angioplasty, bare metal stents, and drug-eluting stents1-3. The major 
putative advantages of bioresorbable scaffolds are a lower risk of late 
stent thrombosis and a reduced requirement for long-term dual anti-
platelet therapy upon complete resorption, because no triggers for 
thrombosis such as uncovered stent struts, durable polymer, or rem-
nant drug should remain1,2. The absence of a rigid metallic cage can 
facilitate not only the restoration of the vessel vasomotor tone, but 
also adaptive shear stress, late luminal enlargement, and late expan-
sive remodelling2. This entire process, rendering the vessel fully ame-
nable to biological, pharmacological, and physiological impact, has 
recently been named vascular reparative therapy2.

Animal and human studies have shown that magnesium (Mg) 
alloys can be safely used in bioresorbable scaffolds1,4-8. The first gen-
eration of bioresorbable metal scaffolds (AMS-1; Biotronik AG, 
Bülach, Switzerland) was made from a WE43 alloy, composed of 
93% Mg and 7% rare earth elements. After deployment in porcine 
coronary arteries, the AMS-1 scaffold was rapidly endothelialised 
and largely degraded into inorganic ions within 60 days, with little 
associated inflammatory response5. In humans, AMS-1 was 
implanted both in coronary and peripheral vessels7-16. No safety con-
cerns were raised regarding deaths, myocardial infarction, or stent 
thrombosis7. However, the long-term patency rates were lower than 
expected7,14-16. The primary mechanism of restenosis appeared to be 
vessel recoil after early loss of radial force due to scaffold degrada-
tion, seemingly progressing faster than anticipated1,7,15,17. Moreover, 
intra- and extra-scaffold neointima formation was observed1,7,15.

To prolong vessel scaffolding and reduce neointimal growth, 
AMS-1 was redesigned and coated with a bioresorbable poly(lactide-
co-glycolide) polymer matrix (PLGA)3,18 containing the antiprolifer-
ative drug paclitaxel19-21. Paclitaxel release kinetics can vary largely 
with PLGA composition22, and the ideal kinetics have yet to be found. 
To this end, the aims of the present study were: (1) to identify the 
optimal of three PLGA compositions applied alternately as drug car-
riers in the novel AMS-3.0 scaffold; and (2) to compare the safety 
and efficacy of the best AMS-3.0 option with two established, pacli-
taxel-eluting, permanent stents used as controls. One control stent 
was selected to have permanent polymer coating as drug carrier 
(TAXUS® Liberté®; Boston Scientific, Natick, MA, USA)20, and the 
other control stent (eucaTAX; eucatech AG, Rheinfelden, Germany)23 
had, like AMS-3.0, a PLGA coating whose degradation products 
could influence inflammation scores by attracting macrophages. 

Methods
The comparisons were based on angiography, histomorphometry, and 
histopathology data acquired in a porcine coronary artery model at 28, 
90 and 180 days. The study protocol was approved by the Institutional 
Animal Care and Use Committee of the testing facility (AccelLAB 
Inc., Boisbriand, Quebec, Canada) and was in compliance with the 
Canadian Council on Animal Care regulations. 

Figure 1. Schematic cross-sectional profile of scaffold struts in AMS-1 
and AMS-3.0 (top) and the appearance of struts under the light 
microscope (unstained ground sections) 28 days after implantation in 
a porcine coronary model (bottom, archive data). By scaffold 
degradation in vivo, a preferential attack occurs at the lateral sides 
(denoted by arrows), which are intensely colonised by cells (e.g., 
macrophages) because of fluid flow phenomena. The poly(lactide- 
co-glycolide)-coating of the AMS-3.0 scaffold is indicated by the thin 
orange layer. AMS-1: the first-generation absorbable metal scaffold; 
AMS-3.0: the third-generation absorbable metal scaffold.

AMS-3.0 SCAFFOLD
The balloon-expandable AMS-3.0 scaffold (Biotronik AG, Bülach, 
Switzerland) uses a refined, slower-degradable WE43 alloy and has 
a higher collapse pressure than AMS-1 (1.5 vs. 0.8 bar). To preserve 
radial strength during anisotropic scaffold degradation in a biological 
environment over a longer time period, the cross-sectional profile of 
scaffold struts in AMS-3.0 was redesigned to be square-shaped, as 
opposed to the rectangular shape in AMS-1 (Figure 1). Thereby, strut 
thickness was reduced from 165 to 120 μm, which should facilitate 
endothelialisation and reduce restenosis3,24-26.

The degradation rate of the drug-carrying PLGA polymer, and 
hence the paclitaxel release rate, is mandated by the modifiable lac-
tide to glycolide ratio18. A 50:50 ratio speeds up PLGA degradation, 
and a discrepant ratio of lactide to glycolide (in whichever direc-
tion) slows it down18. The present study tested three versions of 
AMS-3.0 scaffolds differing in their PLGA composition (Table 1). 

CONTROL STENTS
Both control stents, TAXUS Liberté and eucaTAX, were balloon-
expandable, paclitaxel-eluting, 16 mm x 3.0 mm devices. Both had 
a non-degradable stainless steel platform with a strut thickness of 
97 μm (TAXUS Liberté) or 85 μm (eucaTAX). The metallic plat-
form in TAXUS Liberté was coated with 18 μm thick permanent 
polymer poly(styrene-isobutylene-styrene) containing 108 μg of 
paclitaxel19,20. In eucaTAX, the metallic platform was coated with 
100 nm glycocalyx23,27 and 3-5 μm thick PLGA loaded with 25 μg 
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was taken at 60 days in the 90-day cohort and at 135 days in the 
180-day cohort. For each recording, a single image of the treated 
area was selected and the QCA analysis was performed using Medis 
QCA-CMS 6.0 software (Medis, Leiden, The Netherlands). The 
parameters measured were balloon to artery ratio (oversize) and 
late luminal loss. To increase the reproducibility of late luminal loss 
assessments, the post-treatment and all later angiograms were taken 
at two orthogonal angles and the mean values were calculated. 

HISTOMORPHOMETRY AND HISTOPATHOLOGY
Harvested hearts were perfusion-rinsed with lactated Ringer’s solu-
tion and fixated by pressure perfusion (100 ml/min) and immersion 
using neutral buffered formalin. The treated vessel segment was 
removed in a block with adjacent tissues, dehydrated, and embed-
ded in methyl methacrylate. The stented or scaffolded artery part 
was divided into three similarly long segments (proximal, middle, 
distal). Histological sections (~8 μm thick) were obtained from 
each segment and stained with haematoxylin-eosin and Verhoeff-
van Giesen for light microscopy with image capture. 

Computer-assisted morphometry was performed to determine inti-
mal area (a difference between the area within the internal elastic lam-
ina and the luminal area) and medial area (the area between external 
and internal elastic laminae). The calculations were made using Image 
Pro Plus 6.1.0.346 (Media Cybernetics Inc., Silver Spring, MD, USA) 
software. 

Semi-quantitative and descriptive histopathology included scores 
for inflammation, intimal fibrin content, and endothelialisation. 
Each scaffold or stent strut in a cross-section was graded as: 0=no 
or very few (≤3) inflammatory cells around the strut; 1=few (~4-10) 
inflammatory cells around the strut; 2=many (>10) inflammatory 
cells around the strut that can extend into, but do not efface, sur-
rounding tissue; or 3=many (>10) inflammatory cells, effacing the 
surrounding tissue architecture. The mean inflammation score for 
the cross-section was then calculated as the sum of grades for each 
strut divided by the number of struts present. The inflammation 
score for the scaffold or stent was determined as the mean of the 
cross-section scores. 

An analogous calculation principle was used for the intimal 
fibrin content score, whereby a strut was graded as: 0=no fibrin, or 
rare minimal spotting around the strut; 1=small amount of fibrin 
localised only around the strut; 2=moderately abundant or denser 
fibrin extending beyond the strut; or 3=abundant and dense fibrin 
bridging between struts. The endothelialisation score was derived for 
each cross-section by the portion of artery circumference covered by 
endothelium: 0=<25% covered, 1=25-75% covered, 2=76-99% cov-
ered, or 3=100% covered. The mean of the cross-section scores rep-
resented the endothelialisation score for the scaffold or stent.

The AMS-3.0 degradation products at 28, 90 and 180 days were 
characterised by energy-dispersive X-ray spectroscopy using 
a Zeiss EVO 15 LS scanning electron microscope (Carl Zeiss 
Microimaging GmbH, Göttingen, Germany). The images were ana-
lysed with Bruker-Esprit 1.8 software (Bruker AXS GmbH, 
Karlsruhe, Germany), with standard mapping option applied. 

of paclitaxel23. TAXUS has been studied extensively since 200320,21, 
while eucaTAX is a newer stent that received the European Con-
formity mark (CE mark) in 200723.

ANIMALS, ANAESTHESIA, AND MEDICATION
Fifty Yucatan mini-pigs (19 females and 31 castrated males), weigh-
ing 39-58 kg, were allocated to the 28-day (n=19), 90-day (n=17), 
and 180-day (n=14) cohorts. Anaesthesia was induced by an intrave-
nous propofol injection. The animals were intubated and supported 
by mechanical ventilation. Isoflurane in oxygen was administered to 
maintain a surgical plane of anaesthesia. Bupivacaine was given 
intramuscularly to achieve local anaesthesia and, combined with 
butorphanol, to manage pain after surgery. The antithrombotic regi-
men consisted of an intravenous heparin bolus of ~400 U/kg given 
before catheterisation, followed by additional heparin administration 
whenever the activated clotting time, measured every 30 minutes or 
less, fell below 300 seconds. Acetylsalicylic acid (325 mg/day) and 
clopidogrel (300 mg on the first day and 75 mg/day thereafter) were 
started ≥3 days before angioplasty and continued until sacrifice. 

IMPLANTATION PROCEDURE
After insertion of the guiding catheter, nitroglycerine was injected 
intracoronarily to induce vasodilation. Segments of the left anterior 
descending artery, left circumflex artery, and right coronary artery 
with favourable anatomy and diameter (~2.5 mm) were selected by 
coronary angiography and assigned to different scaffold or stent 
models using a table predefined in the study protocol. The devices 
were implanted using a balloon pressure targeting 20% overdila-
tion. No more than one device was positioned in a single artery. 
After post-treatment recovery, the animals were returned to care 
facilities, where they received a normal diet.

QUANTITATIVE CORONARY ANGIOGRAPHY 
In each animal, quantitative coronary angiography (QCA) was per-
formed before the treatment, at full balloon inflation, after the treat-
ment, and before euthanasia. In addition, an intermediate angiogram 

Table 1. Scaffolds and stents compared in this study. 

Device 
model

Lactide to 
glycolide ratio 

in PLGA

Molecular 
weight of 

PLGA

PLGA 
thickness

Paclitaxel 
amount

AMS-3.0 scaffolds

85/15H 85:15 high 1 μm 8 μg

85/15L 85:15 low 1 μm 8 μg

50/50 50:50 high 3 μm 10 μg

Control stents

TAXUS 
Liberté N.A.* N.A. N.A.* 108 μg

eucaTAX 50:50 high 3-5 μm 25 μg

The three AMS-3.0 scaffolds were otherwise identical (16 mm x 3.0 mm), with a strut 
geometry depicted in Figure 1. *18 μm thick poly(styrene-isobutylene-styrene) used instead of 
PLGA. AMS-3.0: the third-generation absorbable metal scaffold; N.A.: not applicable; PLGA: 
poly(lactide-co-glycolide) matrix coating the scaffold and carrying the paclitaxel
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DRUG-ELUTION KINETICS TEST
Aiming to elucidate the role of different polymer coatings as drug 
carriers, we compared in vitro the drug-elution kinetics for the three 
AMS-3.0 versions, TAXUS Liberté, and eucaTAX. For this test, the 
bioresorbable Mg-alloy platform in AMS-3.0 was replaced with a 
permanent stainless steel (316L) platform to eliminate the influence 
of unnatural scaffold fragmentation in vitro.

STATISTICAL METHODS
Continuous variables are presented as mean ± SD unless stated oth-
erwise. The data were checked for normal distribution by the Kol-
mogorov-Smirnov test and the Levene median test for equal 
variances. For multiple comparisons, analysis of variance (ANOVA; 
with Tukey post hoc comparisons) or the Kruskal-Wallis test (ranks 
with Dunn’s method pairwise) were used as appropriate. A p-value 
<0.05 was considered statistically significant.

Results
IMPLANTATION AND FOLLOW-UP
A total of 109 scaffolds or stents were implanted in the 28-day 
(n=36), 90-day (n=36), and 180-day (n=37) study cohorts. The 
nearly identical distribution of different devices across study 
cohorts and a fairly balanced use of the three coronary arteries are 
shown in Table 2. The mean balloon to artery ratio (oversize) 
ranged from 1.19±0.04 to 1.27±0.07, with no significant difference 
between the 15 groups (5 devices x 3 study cohorts). 

No animal died before scheduled euthanasia. Neither QCA nor 
histological studies revealed thrombosis, aneurysm-like vessel wid-
ening or any other severe adverse effect in any pig studied. 

COMPARISON OF THREE AMS-3.0 VERSIONS 
The 50/50 version was associated with the largest intimal area, highest 
fibrin content score, and lowest endothelialisation score at 28 days, and 
with the largest late luminal loss at 60-180 days (Figure 2). The differ-
ences between the other two AMS-3.0 versions, 85/15H and 85/15L, 
were not significant for any parameter, but 85/15H showed a tendency 
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Figure 2. Comparisons of late luminal loss (determined by QCA), 
intimal area (histomorphometry), inflammation scores, intimal fibrin 
content, and endothelialisation scores (histopathology) for the three 
AMS-3.0 versions defined in Table 1. Mean values and standard 
deviations are shown. *p<0.05 versus 50/50. There were no 
statistically significant differences between 85/15H and 85/15L. The 
number of scaffolds per version and follow-up point was 8, except 
for 9 50/50 scaffolds at 135 and 180 days. QCA: quantitative 
coronary angiography

Table 2. Distribution of implanted devices across coronary 
arteries and study cohorts.

Device model
Number of devices for 28d/90d/180d (Total) 

LAD LCX RCA Total

AMS-3.0 scaffolds

85/15H 3/2/3 (8) 1/2/2 (5) 4/4/3 (11) 8/8/8 (24)

85/15L 2/3/3 (8) 2/3/2 (7) 4/2/3 (9) 8/8/8 (24)

50/50 2/3/3 (8) 2/2/2 (6) 4/3/4 (11) 8/8/9 (25)

Control stents

TAXUS Liberté 3/3/2 (8) 1/1/2 (4) 2/2/2 (6) 6/6/6 (18)

eucaTAX 2/2/2 (6) 2/2/2 (6) 2/2/2 (6) 6/6/6 (18)

Total devices 12/13/13 (38) 8/10/10 (28) 16/13/14 (43) 36/36/37 (109)

28d/90d/180d: 28-day, 90-day, and 180-day study cohorts; AMS-3.0 scaffolds are defined 
in Table 1; LAD: left anterior descending artery; LCX: left circumflex artery; RCA: right 
coronary artery

for less intimal area at 28 days and 180 days, and for a higher endothe-
lialisation score at 28 days. We considered, therefore, 85/15H to be the 
best-performing AMS-3.0 version, with a slight advantage over 85/15L.
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Figure 3. Comparison of 85/15H (the best scaffold in Figure 2) and 
TAXUS Liberté and eucaTAX stents. Mean values and standard 
deviations are shown. *p<0.05 versus eucaTAX. †p<0.05 versus 
TAXUS Liberté. The number of scaffolds at each follow-up point was 
8 for 85/15H, 6 for TAXUS Liberté, and 6 for eucaTAX.

COMPARISON OF 85/15H AND CONTROL STENTS
For late luminal loss, the 85/15H scaffold was similar to TAXUS 
Liberté during the entire observational period and better than 
eucaTAX at 60-180 days (Figure 3). Moreover, the mean intimal 
area for 85/15H was always slightly smaller than that for TAXUS 
Liberté and substantially smaller than that for eucaTAX. Although 
the intimal inflammation score was higher in 85/15H than in the 
control stents at 28 days, no important differences were seen at 
later time points. Conversely, 85/15H had advantages over 
TAXUS Liberté and especially over eucaTAX for fibrin score and 
endothelialisation score at 28 days, but no differences were seen 
at later time points (Figure 3). The values are tabulated in Table 3, 
which also compares medial areas and the inflammation scores 
for media and adventitia. 

HISTOLOGICAL IMAGES
Representative histological sections for 85/15H, TAXUS Liberté, 
and eucaTAX, taken at 28-180 days, are presented in Figure 4. 
High-power histological images taken at 28 days for all five devices 
studied are shown in Figure 5. 

The dynamics and products of 85/15H degradation at 28 days, 
90 days and 180 days are described in Figure 6. Mg-alloy is not 
decayed completely, but converted into a soft and gel-like amor-
phous degradation product. Although the exact chemical degrada-
tion process is still subject to research, roughly two phases can be 
differentiated. First, an Mg-rich compound containing a large amount 
of oxygen is formed, possibly representing a mixture of Mg hydroxide 

Table 3. Comparison of 85/15H, TAXUS Liberté, and eucaTAX. 

Variable 85/15H TAXUS Liberté eucaTAX
Late luminal loss 
(mm)

28 days –0.03±0.17 –0.03±0.18 –0.10±0.19

60 days 0.36±0.20 0.46±0.16 0.84±0.22

90 days 0.65±0.41 0.56±0.33* 1.08±0.23

135 days 0.37±0.36* 0.37±0.35* 0.93±0.29

180 days 0.37±0.42 0.45±0.35 0.82±0.28

Intimal area 
(mm2)

28 days 2.06±0.28* 2.53±0.51 2.89±0.36

90 days 2.68±1.26 2.92±1.08 3.63±0.42

180 days 2.60±0.76* 2.74±1.04 3.77±0.57

Medial area 
(mm2)

28 days 1.13±0.18 1.25±0.17 1.29±0.25

90 days 0.67±0.18¶ 1.03±0.34* 0.57±0.16

180 days 0.94±0.31 1.32±0.50* 0.46±0.18

Intimal 
inflammation 
score

28 days 1.31±0.20*¶ 0.56±0.15 0.48±0.22

90 days 0.65±0.65 0.70±0.22 0.19±0.15

180 days 0.66±0.39 0.38±0.26 0.34±0.29

Intimal fibrin 
content score

28 days 2.35±0.28* 2.68±0.22 2.97±0.04

90 days 0.37±0.24 0.50±0.40 0.09±0.03

180 days 0.07±0.09 0.27±0.35 0.02±0.04

Endothelialisa-
tion score

28 days 2.71±0.42* 2.39±0.49 1.22±0.50

90 days 2.96±0.12 2.89±0.17 3.00±0.00

180 days 2.96±0.12 3.00±0.00 3.00±0.00

Medial 
inflammation 
score

28 days 1.29±0.55¶ 0.33±0.42 0.67±0.42

90 days 0.33±0.50 0.61±0.68 0.28±0.33

180 days 0.38±0.42 0.17±0.28 0.22±0.27

Adventitial 
inflammation 
score

28 days 0.88±0.47*¶ 0 0.06±0.13

90 days 0.42±0.73 0.33±0.56 0.22±0.40

180 days 0.25±0.34 0.11±0.17 0.28±0.68

Data are presented as mean±SD. *p<0.05 vs. eucaTAX; ¶p<0.05 vs. TAXUS Liberté. The 
numbers of scaffolds and stents as in Figure 3.
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and Mg carbonate. Several weeks later, these compounds convert to 
amorphous calcium phosphate, taking exactly the morphology of the 
dissolved scaffold struts. Measured at 28 days, the average in vivo 
degradation rates for the three AMS-3.0 versions ranged from 
0.036-0.072 mg/(cm2*day).

DRUG-ELUTION KINETICS IN VITRO
EucaTAX delivered the highest daily drug doses, resulting in com-
plete paclitaxel elution within eight weeks. TAXUS Liberté released 
paclitaxel according to a biphasic elution profile, that is, intensively 
within the first two days and slowly thereafter. Despite using degra-
dable PLGA polymer as drug carrier, both 85/15H and 85/15L 
exhibited slow and long-lasting elution kinetics similar to that for 
TAXUS Liberté (Figure 7).  

Figure 4. Representative histological sections removed at 28 days 
(A-C), 90 days (D-F), and 180 days (G-I) and stained with Verhoeff-
van Giesen. Note small or even absent media in panels F, G and I. 

Figure 5. Representative high-power images of histological sections removed at 28 days and stained with haematoxylin-eosin. Presence of 
fibrin deposition (black arrowheads) depends on polymer composition and more fibrin was seen in the fast-degrading 50/50, because of fast 
drug elution and polymer degradation, than in the slow-degrading 85/15H. High daily drug dose in eucaTAX delayed healing and tissue 
coverage compared with TAXUS Liberté. The consistently low inflammation scores for eucaTAX were seemingly caused by the lack of tissue 
since high daily doses of paclitaxel can elicit a profound cell toxic response.

Discussion 
The present study shows that a drug-eluting absorbable metal scaf-
fold can effectively prevent late luminal loss in the porcine coro-
nary model, with relative safety, as demonstrated in preclinical 
studies28, similar to that of TAXUS Liberté. At 28 days, tradition-
ally the most relevant follow-up point in porcine studies, the late 
luminal loss assessed by QCA was negligible for all devices stud-
ied. This is probably attributable to the strong cell growth inhibitory 
effect of paclitaxel20, levelling different drug-eluting stent concepts 
at this point. Thereafter, an accentuated late luminal loss had 
occurred sooner (at 60 days) in the devices with short drug-elution 
periods, eucaTAX and 50/50, than in the devices with longer drug-
elution periods: 85/15H, 85/15L, and TAXUS Liberté (at 90 days). 

Considering the different timescales for healing of human and por-
cine coronary arteries18,29,30, the better preclinical efficacy at 90 days 
is in general well transferred into the better angiographic outcome at 
≥9 months. The lower late luminal loss for TAXUS Liberté than for 
eucaTAX at 90 days in the present study is, thus, in line with the 
lower late luminal loss in the TAXUS ATLAS31 clinical trial 
(0.42±0.54 mm, at 9 months) compared with the EUCATAX23 trial: 
0.52±0.59 mm, at 12 months. Hence, the similar late luminal loss for 
85/15H and for TAXUS Liberté at 90 days (Figure 3) implies that 
their clinical efficacy at ≥9 months is probably similar.

The notion of Jabara et al18 that longer-lasting, effective drug elu-
tion postpones if not suppresses the aggressive neointimal growth is 
corroborated by our results for different AMS-3.0 versions. This 
postponement, however, does not necessarily correspond to the 
drug-elution period. Thus, in TAXUS Liberté, paclitaxel elution 
probably continues beyond 180 days, while the neointimal growth 
in the porcine coronary model appears to reach its maximum at 
~90 days and declines thereafter. This resorptive phase of the intima 
during maturation, reflected through a slight to moderate decrease 
of intimal area, is also known from bare metal stents, where aggres-
sive neointimal formation occurs earlier18.

The observed discrepancy between a minor late luminal loss and 
a large neointimal area for both eucaTAX and 50/50 at 28 days might 
have been caused by the QCA’s inability to identify luminal reduction 
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Figure 6. Scanning electron microscope images (upper panels) and energy-dispersive X-ray mapping of AMS-3.0 degradation products (lower 
panels, unrelated to upper panels). At 28 days, non-degraded magnesium-alloy particles had been surrounded by magnesium, calcium, and 
oxygen, probably in the form of MgCO3 or Mg(OH)2 or both, which could not be differentiated without further analysis. At 90 days, 
magnesium-alloy area was reduced, while oxidated (yellow) areas had become partly replaced at their outer margins by a calcium-
phosphorous-oxygen compound (blueish area). Raman and infrared spectroscopy combined with X-ray defraction analysis clarified that this 
was calcium phosphate with amorphous structure. At 180 days, no remaining metallic particles were noted.

caused by fibrin, while per definition all fibrin depositions contributed 
to neointima within the histomorphometric evaluations. The higher 
fibrin scores for eucaTAX and 50/50 than for other devices at 28 days 
were a likely consequence of the faster drug elution with eucaTAX and 
50/50. At 90 days, all fibrin scores had reduced substantially but 
reached 0 seemingly only if paclitaxel release had ceased completely. 
The endothelialisation scores were inversely correlated to fibrin scores. 
Endothelialisation was nearly completed within 90 days in all devices.

Although the inflammation scores were generally low, the differ-
ence between 85/15H and the control stents reached statistical sig-
nificance at 28 days. This was presumably caused by macrophage 
activity triggered by scaffold degradation products. At 90 days, the 
inflammation for 85/15H had subsided to the level observed for 
control stents. Of note, the low inflammation score for eucaTAX at 
28 days was most likely caused by a reduced number of cells in the 
surrounding tissue, since high daily doses of paclitaxel can elicit 
a profound toxic response18.

SCAFFOLD DEGRADATION
While degradation in vitro progresses equally from all sides, in vivo 
a preferential attack occurs at the lateral sides, which are intensely 
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Figure 7. Comparison of paclitaxel-elution kinetics in vitro. Results 
are presented as mean ± SD. For this test, the degradable 
magnesium-alloy platform in AMS-3.0 scaffolds was replaced with 
a non-degradable stainless steel platform.
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colonised by cells because of fluid flow phenomena26. In particular, 
the macrophages have the ability to attack polymers and alloys by 
releasing acid digestion cocktails32. Since this complex interplay is 
difficult to mimic in vitro, major differences between in vitro and in 
vivo decomposition of degradable materials can be seen in condi-
tions when macrophages play a role in the biological environment33. 
We compared the in vivo AMS-3.0 degradation rate of 0.036-
0.072 mg/(cm2*day) in the present study with literature data and 
found it to be 28-56 times slower than the in vitro measured average 
corrosion rate for different metallic alloys (2.016 mg/[cm2*day])34 
and similar to the slowest corrosion rates among 31 different 
uncoated Mg-alloys tested by Kirkland et al35.

Because of their advantages, bioresorbable scaffolds are her-
alded as the fourth revolution in interventional cardiology1. The 
best-performing AMS-3.0 version, 85/15H, is already under clini-
cal investigation within the BIOSOLVE-I study36 (ClinicalTrials.
gov: NCT01168830). Apart from the research on Mg- or iron-based 
bioresorbable metallic scaffold platforms1,8,37, encouraging results 
have been obtained with bioresorbable poly(L-lactide) scaffolds 
coated with poly(D,L-lactide)-eluting everolimus38,39.

STUDY LIMITATIONS
In a study comparing bioresorbable scaffolds and permanent stents, it 
was not possible to blind the QCA analyst, the histomorphology opera-
tor, and the study pathologist to device characteristics. Besides, the 
choice of morphometry parameters was limited to the intimal area and 
medial area, while vessel luminal area, the area within the internal elas-
tic lamina, the area within the external elastic lamina, and the percent 
area stenosis were not used as they may be influenced by potential 
vessel shrinkage after euthanasia in conditions when there is no perma-
nent stent to prevent this post mortem artefact. 

One of the major limitations of the drug-free AMS-1 scaffolds, 
the constrictive vascular remodelling17, may be rectified in part by 
paclitaxel elution, as observed in the aforementioned BIOSOLVE-I 
study36. Regrettably, the potentially insightful intravascular ultra-
sound evaluation of this issue was not performed within the present 
study. Of note, the drug release kinetics for AMS-3.0 scaffolds at 
later time points (>60-90 days) is probably quicker in vivo than that 
seen in vitro (Figure 7) because of scaffold fragmentation and poly-
mer absorption in vivo.

The applied healthy porcine coronary model cannot fully reflect a 
diseased human coronary artery. The ability to transfer these animal 
data to humans is limited by the missing simulation of the potential 
effects of a pre-established neointimal hyperplasia or atherosclerotic 
disease. Besides, there may be a distinct species response to the anti-
proliferative and immunosuppressive effects of stents. Nevertheless, 
animal models provide mechanistic insight into fundamental biological 
processes and appear to indicate relative safety28, even if incapable of 
replicating fully the clinical outcomes such as late stent thrombosis, 
myocardial infarction, and death. With respect to the choice of TAXUS 
Liberté as a main control stent, it has been widely used clinically but 
may no longer be considered as the gold standard in view of late stent 
thrombosis40-43.

To confine the size of the study, our comparison did not involve AMS-
3.0 scaffolds without antiproliferative drug or without PLGA, which pre-
vented an assessment of the individual impact of these components. 

Conclusion
By selecting suitable paclitaxel-elution kinetics, it was feasible to 
develop a bioresorbable magnesium scaffold whose efficacy and heal-
ing characteristics in a porcine coronary model are comparable with 
those of established paclitaxel-eluting permanent metallic stents. 
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