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More than 50% of patients older than
70 years with severe atherosclerotic aortic
stenosis are known to have coronary heart dis�
ease (CHD) caused by stenotic coronary ather�
osclerosis. Until recently, surgical aortic valve
replacement combined with coronary artery
bypass grafting was the “gold standard” treat�
ment option for patients with combination of
these heart diseases. However, it should be
noted that many of these patients, especially
geriatric subjects and persons with severe con�
comitant diseases have high risk of operative
and postoperative complications as well as rel�
ative and absolute contraindications for a sur�
gery using cardiopulmonary bypass (1, 2).

After endovascular transcatheter aortic
valve implantation (TAVI) was introduced in clin�
ical practice, combination of this method with
percutaneous coronary intervention (PCI) may
be considered as an alternative to surgical
treatment in patients with high cardiosurgery
risk (4). Therefore, there has appeared a need
to radically revise indications and contraindica�
tions for both surgical and endovascular com�
bined correction of atherosclerotic aortic valvu�
lar stenosis and coronary heart disease, i.e. to
determine roles of every option for these
pathologies treatment.

To date, the majority of investigators prefer
endovascular options in geriatric and patients
with severe somatic diseases with very high
risks of serious complications in case of sur�
gery with cardiopulmonary bypass. The same
investigators consider the combined endovas�
cular correction of aortic valve stenosis and
stenotic coronary atherosclerosis to be more
sparing and not less effective treatment option
for these two diseases.

However, endovascular treatment options
are also related to a wide range of unsolved
problems. Sequence of treatment procedures
is the most important issue. The majority of
investigators consider that endovascular cor�
rection of coronary blood flow should be per�
formed prior to aortic valve replacement. Their
point of view is based on difficulty accessing
coronary orifices due to prosthesis frame after
valve replacement. Initial coronary artery stent�
ing may also facilitate the second stage of
treatment – transcatheter aortic valve implanta�
tion due to improved myocardial vascularization
of the left ventricle. Therefore, restoration of
affected coronary blood flow prior to tran�
scatheter aortic valve implantation is more rea�
sonable and requires no special consideration
(3).

However, there is one more option to per�
form both endovascular procedures simultane�
ously, i.e. combine these treatments in one pro�
cedure. Unfortunately, only single articles on
this issue are published, without any definitive
conclusions.

Meanwhile, simultaneous endovascular and
coronary and aortic correction is attractive for
several reasons; the most important is less

7The First Russian Experience with Simultaneous Multiple Coronary Stenting 
and Transcatheter Aortic Valve Implantation
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The First Russian Experience with Simultaneous 
Multiple Coronary Stenting and Transcatheter 
Aortic Valve Implantation

D.G. Iosseliani, А.G. Koledinsky, Е.Е. Kovaleva*, I.V. Isaeva, А.N. Rogatova,
I.S. Arabadzhyan, E.A. Savelov, V.A. Kryukov, O.E. Sukhorukov, D.G. Gromov
Moscow City Center of Interventional Cardioangiology, Russia

The combination of surgical aortic valve replacement and aortocoronary bypass grafting is a “gold standard” for
the treatment of patients with aortic stenosis and coronary heart disease (CHD).  However in patients with high
operative risk and in non�operable patients,  transcatheter aortic valve replacement (TAVI) is performed instead of
classic operation with increasing  frequency. At present there is no clearly elaborated strategy for the timing and
the choice of method for the treatment of CHD in patients referred for TAVI. Meanwhile, one of the eventual solu�
tions is  simultaneous, single�stage management of both pathologies.
Key words: aortic stenosis, coronary heart disease, coronary arteries.
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emotional stress to a patient (one endovascular
intervention is more preferable than two inter�
ventions), patient’s in�hospital stay duration will
be shortened, drug exposures will be reduced
(quantity of mandatory medications used for
any endovascular intervention will be decrea�
sed by 2 times) etc.

Therefore, we have been conducting the
study to evaluate the results of simultaneous
endovascular coronary stenting and aortic valve
implantation since 2012. In accordance with the
Protocol developed in our Center, coronary pro�
cedure is firstly performed, immediately followed
by transcatheter aortic valve implantation.

Overall, in our Center transcatheter aortic
valve implantations were performed in 16 pati�
ents using 17 prostheses (1 patient had 2 implan�
ted prostheses). Out of them, 10 patients had
combination of TAVI and PCI: 5 interventions
were performed at different stages, and the
remaining 5 interventions were done simultane�
ously. No deaths or dangerous clinical and inter�
ventional complications were seen. The second
prosthesis (prosthesis�in�prosthesis) was used
in one patient because the first prosthesis was
not placed optimally (very high placement).

This report describes a clinical case of simul�
taneous multiple coronary stenting and tran�
scatheter aortic valve implantation in a female
patient with critical aortic stenosis of high risk
and severe multiple coronary lesions.

Female patient, 77 y.o. was admitted to the
Moscow City Center of Interventional Cardioangio�
logy (MCCIC) with complaints of pressing chest pain
and dyspnea on slight exertion.

There was no history of rheumatism and frequent
sore throats. Since 2005 she has noted increased
BP up to 170/100 mmHg; while treated with medica�
tions she was adapted to BP 140/80 mmHg. She has
had chest burning and breathlessness during fast
walking, i.e. angina attacks, since 2007. In the last
year, she noted deterioration of dyspnea on exertion
along with gradually decreased exercise tolerance.
Severe aortic stenosis was firstly detected using
EchoCG in March 2012 (peak pressure gradient
between the left ventricle and aorta was 131 mmHg;
mean gradient was 93 mmHg).

The patient was referred to MCCIC for additional
examination and decision�making on further spe�
cialized medical care. Comprehensive clinical labo�
ratory and instrumental exams were performed
including selective coronarography: right type of the
coronary blood flow was detected; the left main
coronary artery was developed as usual, without
changes; diffuse changes were throughout the LAD
with the stenosis in the middle segment up to 80%;
DB1 was occluded; moderate diffuse changes
throughout the LCX and RCA without hemodynami�
cally significant stenoses. Total lesion by SYNTAX
scale was 6 (Fig. 1–5)

Cardiac cavities were not enlarged by EchoCG.
The left atrium area is 19 cm2, the right atrium area is
16 cm2. The left ventricular contractility is satisfacto�
ry; the ejection fraction is 63%. End�diastolic diame�
ter: 4.2 cm in the parasternal position; end�systolic
diameter: 2.3 cm in the parasternal position; end�
diastolic volume is 79 cm3; end�systolic volume is
18 cm3. Interventricular septum thickness in diastole
is 16 mm; posterior wall thickness in diastole is
16 mm. There is significant symmetrical LV myocar�
dial hypertrophy. The aorta is sclerotic; the ascen�

8

INTERVENTIONAL CARDIOANGIOLOGY

№ 32, 2013

Fig. 1. LCA. LAD stenosis and DB1 occlusion. Fig. 2. LCA. LAD stenosis and DB1 occlusion.
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dant part is 2.83 cm, diameter at the level of sino�
tubular ridge is 1.95 cm, diameter at the level of
Valsalva’s sinuses is 2.7–3.0 cm, AV annulus diame�
ter is = 1.7–1.9 cm, LV outflow tract diameter is
1.65 cm, Valsalva’s sinus height is 1.6 cm. AV cusps
are calcified. Doppler echocardiography: Degree
0–1 regurgitation into the LV, AV systolic flow
speed = 5.7 m/sec, peak systolic gradient is
131 mmHg, mean systolic gradient is 93 mmHg,
estimated AV orifice area is 0.4 cm2. The aortic
valve is significantly stenosed. Mitral valve: cusps
are indurated with calcium inclusions, the cusps
move in different directions. Doppler echocardiogra�
phy: mean diastolic gradient is 2.68 mmHg, Degree
2 regurgitation into the LA. Tricuspid valve: the cusps
moved in different directions. Doppler echocardiog�
raphy: degree 1 regurgitation into the RA, mean pul�
monary artery pressure (MPAP) = 46 mmHg.
There is moderate pulmonary hypertension. (Fig. 6–8)

Electrocardiography: sinus rhythm, HR = 60 bpm.
Left anterior fascicular block. There were the signs
of left ventricular myocardial hypertrophy. (Fig. 9)

At 24�hour ECG monitoring, sinus rhythm was
registered: minimal HR 57 bpm; maximal HR 104 bpm;
mean HR 68 bpm. Left anterior fascicular block.
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Fig. 3. LCA. LAD stenosis and DB1 occlusion.

Fig. 4. LCA. LAD and LCX stenosis.

Fig. 5. RCA.

Fig. 6. Pre�interventional EchoCG. AV pressure gradient
measurement.

Fig. 7. Pre�interventional EchoCG. Pulmonary artery
systolic pressure.
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There were single premature ventricular and sur�
paventricular contractions. Myocardial ischemia
accompanied with ST shift from the isoelectric line
up to 3 mm on exertion was detected.

No laboratory abnormalities were detected.
The decision on simultaneous coronary stenting

and transcatheter aortic valve implantation using
CoreValve prosthesis was made. Firstly, the mechani�
cal recanalization, PCTA and stenting of the DB1
(Xience V 2.25 × 12 mm and Xience Prime 2.25 ×
× 23 mm) and direct stenting of the middle part of the
LAD were performed (Xience Prime 3.5 × 12 mm.)
(Fig. 10). Secondly, after myocardial revasculariza�
tion, transcatheter aortic valve implantation was per�

formed using CoreValve system 26 mm. Under gen�
eral anesthesia, right common femoral artery was
isolated, punctured and introducer sheath 18 Fr was
placed in it. Then, left common femoral artery was
punctured and introducer sheath 6 Fr was placed in
it. Two pigtail catheters 5 Fr were passed through the
introducer sheaths and placed into the aorta and LV.
Mean pressure gradient between the left ventricle
and aorta was 90 mmHg. An electrode for temporary
pacing was placed into the RV through the right
internal jugular vein puncture. Balloon catheter was
inserted over the wire in the area of aortic valve, and
aortic valve was dilated when the heart was paced at
180 ppm. Then, CoreValve system 26 mm was
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Fig. 8. Pre�interventional EchoCG. Significant myocardial hypertrophy of the left ventricle.

Fig. 9. Pre�interventional ECG.
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inserted on the delivery device in the area of aortic
valve, and it was implanted in accordance with gen�
erally accepted method (Fig. 11–13). No aortic
regurgitation was observed during the control aor�
tography. At control examination, mean gradient was
9 mmHg. The intraoperational transesophageal
echocardiogram (TEEG) showed aortic prosthesis,
aortic regurgitation was minimal. The prosthesis func�
tion was satisfactory. Peak gradient was 11 mmHg.
The pericardial cavity contained no liquid (Fig. 14).
Total duration of all procedures was 133 min; fluo�

roscopy time was 40.3 min, contrast media con�
sumption was 350 ml.

Clinical diagnosis: Acquired valvular heart dis�
ease. Severe aortic stenosis. CHD. FC 2 effort angi�
na. Left anterior fascicular block. Essential hyper�
tension, stage II. Circulatory insufficiency, class 1
NYHA FC 2. State after mechanical recanalization,
PCTA and stenting of DB1 (Xience V 2.25 × 12 mm and
Xience Prime 2.25 × 23 mm), direct stenting of the
middle part of the LAD (Xience Prime 3.5 × 12 mm)
dated December 17, 2012. State after transcatheter
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Fig. 10. Mechanical recanalization, PCTA and stenting
of the DB1 (Xience V 2.25 × 12 mm and Xience Prime
2.25 × 23 mm) and direct stenting of middle part of the
LAD (Xience Prime 3.5 × 12 mm).

Fig. 11. Balloon aortic valvuloplasty.

Fig. 12. Aortic valve prosthesis positioning and expan�
sion.

Fig. 13. CoreValve Systems 26 mm aortic valve prosthe�
sis implantation.
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aortic valve implantation using CoreValve Systems
26 mm dated December 17, 2012. Dyslipidemia 2B.

Concomitant diagnosis: Type 2 moderate and
compensated diabetes mellitus.

Therefore, this clinical case demonstrates
that simultaneous transcatheter aortic valve

implantation and multiple coronary stenting in
the female patient with critical aortic stenosis of
high risk and coronary heart disease was possi�
ble and safe.

References
1. Dewey T.M., Brown D.L., Herbert M.A. et al. Effect of con�

comitant coronary artery disease on procedural and late
outcomes of transcatheter aortic valve implantation. Ann
Thorac. Surg., 2010, 89 (3), 758–767.

2. Dimarakis I., Rehman S.M., Grant S.W. et al. Conventional
aortic valve replacement for high�risk aortic stenosis
patient not suitable for transcatheter aortic valva implanta�
tion: feasibility and outcomes. Eur. J. Cardiothorac. Surg.,
2011, 40 (30), 743–748.

3. Gautier M., Pepin M., Himbert D. et al. Impact of coronary
artery disease on indication for transcatheter aortic valve
implantation and on procedural outcomes. Eurointer�
vention, 2011, 7 (5), 549–555.

4. Conradi L., Seiffert M., Franzen O. et al. First experience
with transcatheter aortic valve implantation and concomi�
tant percutaneous coronary intervention. Clin. Res.
Cardiol., 2011, 100 (40), 311–316.

12

INTERVENTIONAL CARDIOANGIOLOGY

№ 32, 2013

Fig. 14. Post�interventional EchoCG (before discharge).
AV mean pressure gradient.
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Diagnostics and treatment of acute myocar�
dial infarction have dramatically changed over
the past 30 years, thus significantly reducing in�
hospital mortality from 20–25% to 3–7%.
Firstly, this became possible due to wide clinical
implementation of effective medications, car�
diac supportive methods, and, most important�
ly, urgent coronary angioplasty (endovascular
procedure, EVP). This procedure helps restore
blood flow in infarct�related artery (IRA), thus
considerably improving hospital prognosis for
AMI patients: to decrease serious cardiac mor�
bidity and mortality rates (1, 2, 3). However, in
some cases when EVP is used, despite optimal
angiographic results (opacification along the
whole IRA length, no residual stenosis or signs
of serious vessel dissection), patient’s clinical
state during the procedure worsens, i.e. status
anginosus relapses, myocardial ischemia
occurs and left ventricle functional capability
reduces (4). Therefore, there is some inconsis�
tency between angiographic and clinical data.
In opinion of majority of investigators, one of
the most important reasons for this phenome�
non may be deterioration of myocardial perfu�
sion at the microcirculatory level due to coro�
nary distal embolization with fragments of
thrombus during EVP (5). Therefore, the inves�

tigators have started to search for optimal
pharmacological or mechanical options to pro�
tect coronary vessels from distal embolization
during EVP (6, 7, 8). One of these options for
preventing both macro� and microembolization
is manual vacuum thrombextraction (MVT)
making it possible to remove thrombi from the
IRA, completely or partially. The first successful
vacuum extraction of thrombus from the proxi�
mal part of the right coronary artery using the
guide was reported by Lablanche who per�
formed this procedure in 1989 (9). As a result of
further improvement of MVT devices and accu�
mulation of clinical experience, this option
became important for AMI treatment. This was
demonstrated in several multicenter, random�
ized trials (DEAR�MI, 2007; TAPAS, 2008; EXPI�
RA, 2009) (10–12). These studies based on
data analysis from many AMI patients demon�
strated superiority of manual vacuum
thrombextraction over routine EVPs in the IRA,
both with immediate and long�term angio�
graphic and clinical results. However, to date,
there are no clear indications for the above
option. Therefore, further accumulation of
experience and thorough comparative analysis
of this option compared with different devices
intended for MVT are required. It prompted us
to conduct a study based on MVT results in AMI
patients treated at the Moscow City Center of
Interventional Cardioangiology from January
2008 to September 2012. During this time peri�
od, 152 manual vacuum thrombextractions
from the IRAs were preformed in patients within
the fist hours of AMI.

The primary objective of this study is to com�
pare the efficacy and safety of MVT in combina�
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tion with urgent EVP in AMI patients. In addition
to clinical and laboratory data, the results were
analyzed using antegrade blood flow in the IRA
by TIMI (6, 7); MBG (13); ST dynamics (14) in
two adjacent ECG leads; blood levels of car�
diospecific enzyme CPK�MB over time.

Characteristics of patients 
and study methods

The study was retrospective and included
149 STEMI patients. They were divided into
2 groups: Gr.1 (n = 75) included patients after
MBTE combined with EVP; Gr.2 (n = 74) con�
sisted of patients after EVP only.

Study inclusion criteria were as follows: clin�
ical presentation of AMI; EVP performed not
later than 6 hours after the onset of angina
attack; ST elevation >0.1 mV in two adjacent
ECG leads; angiographic signs of thrombus in
the IRA (TBG ≥ 2) (15). Exclusion criteria were
as follows: left ventricle ejection fraction <25%;
acute myocardial infarction of the right ventri�
cle; cardiogenic shock; main LCA lesions; pre�
hospital systemic thrombolysis; acute or chron�
ic renal or hepatic failure; serious hematopoiet�
ic diseases; terminal cancer.

Mean age of enrolled patients was 55.4 ± 8.2
years in Gr. 1 and 51.3 ± 10.6 years in Gr. 2,
P > 0.5. They were predominantly males,
hypertensive, smokers and with lipid disorders
(Table 1). The majority of patients were admit�
ted to the hospital within the first 2–4 hours
from onset of angina attack and on admission
they had electrocardiographic signs of acute
myocardial infarction of the left ventricle.

As we can see from Table 1, the studied
groups did not differ in main clinical and angio�
graphic characteristics, and significant propor�
tion of patients in both groups had type B2/C

coronary artery lesions (according to ACC/AHA)
(Table 2).

Selective coronarography (SC) and endo�
vascular procedures (EVPs) were performed in
accordance with generally accepted standard
methods. Every surgeon had experience >200
EVPs/year.

The decision to perform MVT was made in
case of acute IRA occlusion, after mechanical
restoration of the arterial lumen. If coronarogra�
phy performed after that revealed angiographic
signs of thrombus, MVT was done. This proce�
dure was performed by 3–5 slow catheter pas�
sages in the area of target lesion. Thereafter,
blood flow in the IRA was assessed according
to TIMI and MBG classifications, and then the
target part of vessel was analyzed using digital
computed angiography (Table 2). In the majori�
ty of cases, thrombextraction was completed
by IRA stenting (69.3%).

The following devices were used for MVT:
QuickCat – KenseyNash (16 interventions;
21.3%); Export – Medtronic (18 interventions;
24%), Diver – Invatec (20 interventions; 26.7%);
Eliminate – Terumo (21 interventions; 28%).
Figure 1 shows brief description of MVT devices.

There are many MVT devices; however, they
have in common the following general princi�
ples: 1) pre�mounted thin metal stylet ended
2.5 cm from the distal tip of the catheter.
As a result, pushability of the device improves
and more favorable conditions arise for preven�
tion from its kinking in the difficult segments of
coronary arteries; 2) hydrophilic coating of the
catheter contributes to its successful passing
through the coronary artery; 3) all�metal braided
shaft and long monorail part; 4) due to 6–7 Fr
catheter diameter, these devices can be used
during transradial interventions; 5) the set con�
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Table 1. Baseline clinical, historical and laboratory data of studied patients

Characteristics Group 1 Group 2 Р(n = 75) (n = 74)

Age (years) 55.4 ± 8.2 51.3 ± 10.6 NS
Sex (male) 85.7 ± 9.3 82.4 ± 7.4 NS
AH, % 62 54.8 NS
Hypercholesterolemia, % 58 55.9 NS
Diabetes mellitus, % 8 6.5 NS
AMI (history), % 6 5.2 NS
EVP (history), % 2 0.0 NS
CABG (history), % 2 0.0 NS
CVA (history), % 0.0 2.6 NS
Smoking, % 76 82.4 NS
CAD duration (months) 7.5 ± 4.2 5.8 ± 5.1 NS
AMI localization

Anterior, % 50.6 56.1 NS
Posterior, % 49.4 43.9 NS
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tains a syringe for vacuum creation and filter
(for thrombus masses filtration).

Taking into account an absence of well
established standards for assessing thromb�
extraction outcomes to date, we used the fol�
lowing criteria: TIMI 2–3 antegrade blood flow
(after procedure completion); satisfactory
opacification of microcirculatory vessels (MBG
2–3); no signs of thrombus masses dislocation
after procedure; no marked dissection or signs
of extarvasation at the place of previous occlu�
sion.

Prior to the endovascular procedure the
patients received acetylsalicylic acid 100 mg,
clopidogrel 150 mg followed by daily dose of
75 mg throughout the in�hospital period. The
patients with systolic blood pressure higher

than 100 mm Hg received intravenous infusion
of nitroglycerine at a dose of 0.25–0.5
µg/kg/min. Intravenous heparin administration
was an obligatory condition for thrombus aspi�
ration. Heparin therapy was started as bolus
infusion (70 units per kg of body weight) with
following drug infusion to achieve activated
clotting time (ACT) more than 250 seconds.

After completion of the IRA angioplasty,
nitroglycerine 200–400 µg was administrated
intracoronary as a bolus and the lesion was
assessed using digital computed angiography.

The patients were followed up in the inten�
sive care unit (ICU) within the first day with sub�
sequent transfer to cardiology department.
Then, the patients underwent examinations
including 24�hour ECG monitoring, heart ultra�
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Table 2. Baseline coronarography data from the studied groups

Characteristics Group 1 Group 2 Р(n = 75) (n = 74)

Infarct�related artery:
LAD 30 (40%) 34 (46%) NS
LCX 8 (10.4%) 8 (10.1%) NS
RCA 37 (49.6%) 32 (43.9%) NS

Number of affected arteries 1.5 ± 0.7 1.6 ± 0.8 NS
IRA diameter (mm) 3.3 ± 0.3 3.1 ± 0.4 NS
Lesion length (mm) 17 ± 7 19 ± 5 NS
IRA total occlusion 58 (77.3%) 59 (79.7%) NS
Morphology of affected vessel (В2/С), % 63 (84%) 64 (86.5%) NS
Blood flow in the IRA (by TIMI):

0–1 61 (81.4%) 58 (78.3%) NS
2–3 14 (18.6%) 16 (21.7%) NS

Thrombus assessment (by TBG)
2 12 (16%) 16 (21.6%) NS
3 24 (32%) 24 (32.4%) NS
4 18 (24%) 14 (18.9%) NS
5 21 (28%) 20 (27.1%) NS

Fig. 1. Basic design of catheter for manual vacuum trombextraction.

Metal braided shaft
For increased kink resistance

23 cm long monorail segment
For improved passability

Short and thin radiopaque marker
For excellent visualization and increased tip flexibility

Rounded short tip
For passability with effective and safe aspiration

Hydrophilic coating
Facilitates passing through the most tortous vessels

Pre�loaded stylet
For improved pushability 
and optinal passability 
in the most difficult cases

Large extraction lumen
For continuous aspiration 
in all procedures
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sonography, and on Day 8 cycle ergometry.
Mean in�hospital stay duration was 11.3 ± 2.9
days in Gr. 1 and 10.9 ± 2.7 days in Gr. 2 (NS).

Results
No deaths or recurrent AMI were observed

during in�hospital stage in the studied groups.
Acute coronary insufficiency accompanied with
angina attack and ECG changes was observed
in 1 (1.3%) patient from Gr. 1 and 2 (2.7%)
patients from Gr.2. In all cases the cause was
subacute stent thrombosis. They successfully
underwent recanalization followed by balloon
angioplasty. At the time of discharge, all stud�
ied patients had no angina attacks. By CE data,
mean exercise tolerance was 68.3 ± 18.5 W in
Gr. 1 and 65.4 ± 17.9 W in Gr. 2. Stress test was
positive in 11 patients (14.6%) from Gr. 1 and
13 patients (17.5%) from Gr. 2, respectively
(NS). Therefore, statistically insignificant trend
towards improved stress test results was
observed in Gr.1.

By laboratory data, CPK�MB level on Day 1
was 166+22 U in Gr.1 and 158 ± 25 U in Gr.2, on
Day 2 – 234 ± 35 U in Gr.1 and 239 ± 37 U in
Gr. 2 (NS). Therefore, there were no significant
differences in the size of myocardial infarction
using this laboratory data of this cardiospecific
enzyme.

Fig. 2 shows that electrocardiographic crite�
rion of more complete ST resolution was
observed more often in Gr.1. After EVP comple�
tion, ST segment returned completely or par�
tially to the isoelectric line in 39 patients (52%)
from Gr. 1, whereas similar pattern was noted in
26 patients (35.1%) from Gr.2 (p < 0.05).

The studied arms did not statistically signifi�
cantly differ in EVP duration, fluoroscopy time,
and consumption of contrast agent (Table 3).

As Table 4 shows, the arms did not signifi�
cantly differ in parameters of IRA blood flow.
Meanwhile, myocardial perfusion according to
MBG in Arm 1 was significantly better com�
pared with Arm 2. It should be also noted that
balloon angioplasty of the IRA was performed
considerably less frequently in Arm 1 (by 22%,
p < 0.05).

Macroscopically visible thrombus masses
were successfully removed in 42 patients
(56%) from Gr. 1 (Fig. 3).

It should be noted that optimal angiographic
effect was achieved after thrombextraction in 5
patients (6.6%) from Gr. 1, i.e. there was no
hemodynamically significant stenosis of the
IRA, and as a result no further angioplasty was
required (Fig. 4).

Immediate angiographic success was
achieved in 94.7% (Gr.1) and 90.5% (Gr.2).
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Table 3. Mean EVP duration, fluoroscopy time, and consumption of contrast agent

Characteristics Group 1 Group 2 р(n = 75) (n = 74)

Mean procedure duration (min) 72 ± 11 61 ± 10 NS
Mean fluoroscopy time (min) 18,9 ± 6,8 17,4 ± 8,1 NS
Mean consumption of contrast agent (ml) 239 ± 56 207 ± 45 NS

Table 4. Immediate coronarography outcomes of the EVPs

Characteristics Group 1 Group 2 р(n = 75) (n = 74)

TIMI
0/1: 2 (2.6%) 3 (4.1%) NS
2: 11 (14.8%) 6 (8.1%) NS
3: 62 (82.6%) 66 (87.8%) NS

MBG
0/1: 3 (4%) 14 (18.9%) р < 0.05
2: 21 (28%) 26 (35.1%) NS
3: 51 (68%) 34 (46%) р < 0,05

Balloon predilatation (%) 40% 62.1% р < 0.05

Fig. 2. ST resolution degree after EVP in the studied
patients.

< 30%

Gr. 1 10,60% 37,40%         52,00%

Gr. 2 22,90% 42,00%         35,10%

30–70%

p < 0,05

>70%
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Among complications in Gr.1, there should be
noted one case of “no�reflow” phenomenon,
one additional case of acute in�stent thrombo�
sis (4 hours after EVP) and two cases of distal
embolization. In Gr. 2, two cases of “no�reflow”
phenomenon and acute in�stent thrombosis
each and 3 cases of distal embolization of the
IRA were observed. There were no significant
differences between the arms in EVP�related
serious morbidity (Table 5). All acute in�stent
thrombosis cases were successfully resolved
by repeat PTCAs.

Discussion and conclusions
The studies intended to use a new device for

treatment of a specific disease should answer
some important questions, including the most
significant: efficacy of an option and device
used for treatment of this pathology, its safety
and, equally important, cost efficiency. This
study has demonstrated clearly enough that
manual vacuum thrombextraction in combina�
tion with angioplasty of the infarct�related
artery is slightly more effective than angioplas�
ty alone based on blood flow restoration in the
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Fig. 3. Thrombus masses removed during thrombextraction from the IRA in patients from Gr.1.

Fig. 4. Coronary angiogram of a patient with acute myocardial infarction. On the left figure, angiographic signs of
thrombus in the RCA can be seen, on the right figure, RCA angiogram of the same patient after thrombextraction.

Table 5. Angiographic morbidity in the studied arms

Group 1 Group 2
Characteristics (n = 50) (n = 74) р

(thrombextraction) (control)

“No�reflow” 1 (1.3%) 2 (2.7%) NS
Distal embolization after the EVP 2 (2.6%) 3 (4.1)% NS
Acute in�stent thrombosis 1 (1.3%) 2 (2.7%) NS
Total number of complications 4 (5.3%) 7 (9.5%) NS
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IRA in comparable AMI patients. Firstly, throm�
bus masses were removed completely or par�
tially using thrombextraction in 56% cases;
therefore, probability of thrombus masses dis�
location in the IRA was considerably reduced.
Secondly, complete ST resolution was
observed significantly more frequently after
intervention (52%) compared with the control
arm (35.1%). MVT efficacy is confirmed by bet�
ter microcirculatory and myocardial perfusion
parameters in this respective arm compared
with the control arm after thrombextraction
combined with angioplasty. MBG�3 was
observed in 68% and 46% of cases in the Gr. 1
and Gr. 2, respectively. Thirdly, both to achieve
optimal results and to prepare for further stent�
ing, balloon angioplasty was required signifi�
cantly more rarely in Gr. 1. Importantly, optimal
angiographic results were achieved in Gr. 1
after thrombextraction and no balloon angio�
plasty or stenting was required in some cases
(6.6%). Additionally, cost efficiency of the inter�
vention was considerably reduced, i.e. relevant
economic effect is seen. However, in�hospital
mortality rates, AMI relapse rates, and IRA
thrombosis rates did not significantly differ
between the studied arms. No significant pro�
longation of the intervention duration was
observed in Arm 1 compared with Gr. 2. Clinical
courses of disease at in�hospital stage, morbidi�
ty and mortality rates did not significantly differ
between the arms. Therefore, we conclude that
MVT is quite safe to remove thrombus masses
from the IRA and effective enough for both
thrombus evacuation and adequacy of blood
flow restoration in the infarct�related artery.
However, further experience and thorough com�
parative analysis of obtained results are required
to definitely determine a role of this option in
endovascular treatment of AMI patents.
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Selective coronarography shows that the left
main coronary artery (LMCA) lesion is observed
in 10.9% of patients with various types of coro�
nary heart disease (1–2). Early diagnostics and
use of the most rational treatment options in
this patient population is currently one of the
most important objectives, as delay in treat�
ment is associated with poor clinical prognosis
and high early mortality. In patients with LMCA
lesion on medication therapy, 24�, 36�, and
42�month mortality rate was 43.6%, 51.1%,
and 73.6%, respectively (19).

Given such unsatisfactory prognosis associ�
ated with the medication therapy, the clinicians
have started to use different myocardial revas�
cularization methods for this disease over the
last decade. Initially, coronary artery bypass
grafting was the most widely used procedure
for myocardial revascularization, and until
recently, it was a basic and, possibly, a single
treatment option. However, this population has
recently become more numerous, and coro�
nary stenting is more frequently used as a treat�
ment option (3–18). Especially, it is related to
geriatric patients, subjects with very severe left

ventricular dysfunction, those who previously
underwent direct myocardial revascularization
surgeries, and persons with concomitant
severe diseases etc. If indication for LMCA stent�
ing is correctly determined, the improved clinical
status and functional capability of the left ventri�
cle are observed in the vast majority of patients.
However, in�stent stenosis and late drug�eluting
stent thromboses are considerable limitations
for wider introduction of stenting in treatment of
subjects with LMCA lesions (2, 16, 18). Many
investigators report this, but their opinions are
contradictory. Only further investigation of
immediate and long�term results of LMCA
stenting with up�to�date stents will determine
actual efficacy of endovascular treatment for
stenosed/occluded LMCA lesions.

The objective of this study was to assess
immediate and mid�term clinical and angio�
graphic results of LMCA stenting in patients with
various types of CHD.

The indication for endovascular LMCA inter�
vention was angiographically and clinically sig�
nificant stenosis of LMCA involving and not
involving its branch orifices. Endovascular
interventions were generally performed in
patients with high risk of CABG.

All patients were examined according to well�
established cardiovascular practice including
detailed history, ECG, 24�hour ECG monitoring,
EchoCG, stress test (unless contraindicated) to
determine exercise tolerance, left ventriculog�
raphy, and selective coronarography.
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Material and methods
The study included 134 patients with various

types of CHD who underwent LMCA endovas�
cular interventions in the Moscow City Center
of Interventional Cardioangiology from June
2002 to February 2012.

Clinical and historical characteristics of
studied patients are presented in Tables 1–2.

Most patients were males (64.2% (n = 86))
aged from 43 to 80 years (mean age 62.4 ±
10.1 years). Mean CHD duration was 5.6 ± 0.4
years. The most common CHD risk factors were
essential arterial hypertension, dyslipidemia,
smoking (see Table 1). A history of myocardial
infarction was in 47.8% of patients (n = 64).
52.2% of patients (n = 70) were admitted to the
hospital by ambulance with clinical signs of pro�
gressive angina or at early stages of acute
myocardial infarction.

Rhythm and conduction disturbances were
observed in 9% of cases (n = 12). Clinical signs
of acute heart failure were observed in 10.5% of
subjects (n = 14), hence intra�aortic balloon
pump (IABP) had to be used in some cases
(4.5%, n = 6). Among them, 47.8% (n = 64) of
patients had chronic CHD and 52.2% (n = 70) of
patients had acute CHD: 8.2% patients (n = 11)
had acute myocardial infarction, 44% patients
(n = 59) had progressive angina.

EchoCG was performed in all patients to
assess left ventricle ejection fraction (mean
LVEF was 54 ± 4.6%). Exercise stress test was
performed unless contraindicated. Due to con�
traindications, exercise stress test was not per�
formed in 44 patients (32.8%). Among the
remaining patients from the study arm, 67.2%
of subjects (n = 61) had positive stress test
results. Mean exercise tolerance threshold was
56.5 ± 2.4 W (Table 3).

Coronarography was performed urgently for
unstable clinical status in 17.2% patients (n = 23).
Mean degree of LMCA stenosis was 79.4 ± 4.8%.
During coronarography, acute LMCA occlusion
without intersystem collateral filling was identi�
fied in 8.2% of patients (n = 11). Isolated LMCA
lesion was observed in 3.7% of cases (n = 5).
Ostial LMCA lesions and LMCA trunk lesions
were revealed in 35.8% (n = 48) and 21.6% of
cases (n = 29), respectively. LMCA bifurcation
lesions involving larger LCA branches were
observed most frequently (42.6%, n = 57). The
majority of patients (86.4%) had hemodynami�
cally significant changes in other coronary
arteries. Table 4 shows baseline angiographic
characteristics of LMCA lesions.

Results
All patients had successful endovascular

interventions. Various methods of endovascu�
lar interventions were chosen depending on
localization of LMCA lesion. When ostial LMCA
lesions were stented, direct stenting was used
in the majority of cases (86.7%). In case of dis�
tal, LMCA bifurcation lesion involving athero�
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Table 1. Clinical characteristics of patients

Males 64.2% (n = 86)
Mean age 62.4 ± 10.1 years
CHD duration 5.6 ± 0.4 years
Diabetes mellitus 14.2% (n = 19)
Essential arterial hypertension 85.1% (n = 114)
Dyslipidemia 70.9% (n = 95)
History of MI 47.8% (n = 64)
Previous CABG 19.4% (n = 26)
Peripheral artery disease:

brachiocephalic 
atherosclerosis 16.4% (n = 22)
lower limb artery 
atherosclerosis 11.9% (n = 16)

Rhythm and conduction 
disturbances 9% (n = 12)
Chronic renal insufficiency 4.5% (n = 6)
History of CVA 6.7% (n = 9)

Table 2. History data of patients

Diagnosis at the moment of the first 
admission to the hospital

Acute CHD: 52.2% (n = 70)
progressive angina 8.2% (n = 11)
AMI 44% (n = 59)

Chronic CHD (effort angina 
of various functional classes) 47.8% (n = 64)

Clinical signs of heart failure 9% (n = 12)
IABP 4.5% (n = 6)

Table 3. 24�hour ECG monitoring (n = 134) and stress
test (n = 90) results

Mean LVEF 54 ± 4.6%
24�hour ECG monitoring (n = 134)

ischemic ECG changes 24% (n =32)
Stress test (n = 61):

positive 67.2% (n = 61)

Table 4. Baseline angiographic characteristics of
LMCA lesions

LMCA stenosis 55–100% 
(mean 79.4 ± 4.8%)

Isolated LMCA lesion 3.7% (n = 5)
Ostial LMCA lesion 35.8% (n = 48)
LMCA trunk lesion 21.6% (n = 29)
LMCA bifurcation lesion 42.5% (n = 57)
LMCA acute occlusion 8.2% (n = 11)
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sclerotic LCX orifice, distal part of LMCA was
predilated with introducing the balloon through
LCX orifice. Then, LMCA was stented involving
LCX orifice; in some cases of distal LMCA
lesions, the distal one�third of LMCA was stent�
ed with further stenting of LCX orifice through
meshes of the LMCA stent (debulking). When
atherosclerotic process was spread to LAD ori�
fice, LMCA was stented involving LAD orifice.
Kissing/V�stenting or Т�stenting was per�
formed in case of more complex LMCA bifurca�
tion lesions when large branches (LAD and
LCX) were involved (Table 5).

Drug�eluting stents with antiproliferative and
antithrombotic coating were implanted in LMCA
more frequently (58.3%, n = 81). In the remain�
ing patients, so�called bare metal stents were
implanted. Five patients (3,7%) had 2 stents
each implanted in LMCA. Good immediate
angiographic results were achieved in 100% of
cases. All LMCA endovascular interventions
were uncomplicated. In�hospital period was
uncomplicated in 96.3% of cases (n = 129),
these patients were discharged in stable con�
dition. In�hospital mortality was 3.7% (n = 5).
All deceased patients had acute CHD; causes
of death were progression of acute left ventric�
ular failure, various rhythm and conduction
disturbances.

Mid�term results of the LMCA stenting
Ninety seven patients (72.4%) with bare

metal stents and drug�eluting stents previously
implanted in LMCA were re�examined 8.01 ± 2.1

months after LMCA stenting. One patient (0.8%)
died from renal cancer. In re�examined patients,
recurrence of clinical angina was observed on
average 3.4 months after LMCA stenting and
was caused, in general, by LMCA in�stent steno�
sis. Effort angina of various functional classes
was observed in 41.2% (n = 40) of cases; 18
patients (18.6%) were re�admitted with acute
CHD, 16 patients (16.4%) out of them had pro�
gressive angina and 2 patients had acute
myocardial infarction (2.1%) caused by LMCA
in�stent stenosis. Among re�examined patients,
40.2% (n = 39) were asymptomatic. In mid�term
period, 16.5% patients (n = 16) had clinical signs
of heart failure. Mean LVEF was 50.2 ± 2.4%
when myocardial contractility was examined
in the mid�term period after LMCA stenting.
Additionally, exercise tolerance significantly
increased from 56.5 ± 2.4 W to 75 ± 3.6 W
(p < 0.05). There were 31.4% (n = 21) of posi�
tive exercise stress test results. Based on the
mid�term results, acute and chronic CHD, clini�
cal signs of heart failure, and ischemic ECG
changes during 24�hour ECG�monitoring and
exercise stress test are observed more fre�
quently in patients with previously implanted
LMCA bare metal stents as compared with
drug�eluting stents (Table 6).

During control coronarography in 97 pati�
ents, 112 stents were assessed: out of them,
57 stents (50.9%) were drug�eluting and 55
(49.1%) were bare metal. Overall restenosis
after LMCA stenting was 37.5% (n = 42).
Restenosis in patients with previously implant�
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Table 5. Stenting of the left main coronary artery

LMCA mechanical recanalization 8.2% (n = 11)
LMCA balloon angioplasty followed by stenting 10.5% (n = 14)
LMCA direct stenting 89.6% (n = 120)
LMCA kissing/V�stenting 19.4% (n = 26)
LMCA stenting involving LAD orifice 14.2% (n = 19)
LMCA stenting involving LCX orifice 9% (n = 12)
Type of implanted stent
1in total, 134 patients received 139 stents; 
out of them 1 stent was implanted in 129 patients (96.3%), 
while 2 stents – in 5 patients (3.7%)

Bare metal stent 41.7% (n = 58)
Drug�eluting stent (anti�proliferative, anti�thrombotic coating) 58.3% (n = 81)

Mean stent diameter, mm 3.32 ± 0.36
Mean stent length, mm 14.1 ± 1.5
Mean pressure of stent implantation, atm. 16.5 ± 1.45
Mean time of stent implantation, sec. 18.2 ± 2.4
Simultaneous intervention involving:

1 vessel 26.9% (n = 36)
2 vessels 55.2% (n = 74)
3 vessels 17.9% (n = 24)
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ed drug�eluting stents and patients with previ�
ously implanted bare metal stents was 21.05%
(n = 12) and 54.5% (n = 30), respectively. Such
high restenosis degree in stents previously
implanted in the LMCA is likely due to LMCA
baseline features (LMCA contains more elastic
tissue compared with other parts of coronary
arteries). Application of drug�eluting stents sig�
nificantly reduced restenosis rate after LMCA
stenting.

Medication therapy in mid�term period after
LMCA stenting was recommended for 23.8%
(n = 10) of patients. Repeated endovascular
intervention (balloon angioplasty) for LMCA
in�stent stenosis was performed in 47.6%
(n = 20) of subjects, with good immediate
angiographic results; CABG was recommended
for 12 patients (28.6%).

Discussion. The conducted study demon�
strated that the vast majority of patients with
LMCA stenosis had good immediate stenting
results using both bare metal stents and drug�
eluting stents (100%). Good immediate angio�
graphic results were achieved in all patients
when LMCA was stented; patients with progres�
sive angina became stable and patients with
acute myocardial infarction had smoother clini�
cal course. Only patients with severe distur�
bances of left ventricular functional capacity
resulted from acute myocardial infarction (pro�
gressive acute left ventricular insufficiency, fatal
rhythm disturbances) had unfavorable out�
comes. Lee SW et al. (5) obtained similar results,
immediate angiographic success of LMCA
stenting was 94% (n = 17), in�hospital mortality
rate was 11% (n = 2). Park et al. (6) reported
100% immediate success when patients with
hemodynamically significant LMCA lesions

were stented; there were no in�hospital compli�
cations (in�stent thrombosis, fatal Q�wave
myocardial infarction, urgent CABG). Lee BK et
al. (14) published the similar results: angio�
graphic success of stenting was 99.5%, there
was no in�hospital deaths in patients under
study. Early in�hospital mortality rate in our
study was 3.7% (n = 5), no repeated endovas�
cular or surgical interventions were required.

In mid�term period after LMCA stenting,
clinical and functional status of patients was
evaluated and control coronarography was per�
formed to assess the target segment of coro�
nary artery. The study demonstrated more
”benign” clinical course of underlying disease:
40.2% of re�examined patients were asympto�
matic, 2 patients (2.1%) had acute myocardial
infarction due to LMCA in�stent restenosis.
When myocardial contractility and exercise tol�
erance were examined in our study, we
observed insignificant mean increase of LVEF in
mid�term period after LMCA stenting up to
50.2 ± 2.4% and significant increase in exercise
tolerance from 56.5 ± 2.4 W up to 75 ± 3.6 W
(p < 0.05). In the majority of cases, the reoc�
currence of angina pectoris was caused by
LMCA in�stent restenosis. B.K. Lee et al. (14)
concluded that total LMCA in�stent restenosis
in 6 month after LM stenting was 33,3%. Carrie
et al. (11) received similar results: 9 months
after LMCA stenting using bare metal stents, in�
stent stenosis was observed in 29.8% of cases;
myocardial infarction developed in 5.1% of
cases; repeated LMCA interventions were per�
formed in 22.8% of cases due to in�stent steno�
sis. In our study, in mid�term period after LMCA
stenting repeated LMCA interventions were per�
formed in 47.6% (n = 20) of cases due to LMCA
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Table 6. Data of mid�term examinations

All patients BMS* DES**
(all stents)

Diagnosis at the moment of re�admission
to the hospital:

Acute CHD: 18.6% (n = 18) 12.4% (n = 12) 6.2% (n = 6)
Progressive angina 16.4% (n = 16) 12.4% (n = 12) 4.1% (n = 4)
AMI 2.1% (n = 2) 2.1% (n = 2) –

Effort angina of various functional classes 41.2% (n = 40) 29.9% (n = 29) 10.3% (n = 10)
Asymptomatic patients 40.2% (n = 39) 13.4% (n = 13) 26.8% (n = 26)

Overall mortality 0.8% (n=1) 0.8% (n = 1) –
Clinical signs of heart failure 16.5% (n = 16) 14.4% (n = 14) 2.1% (n =2)
Mean LVEF 50.2 ± 2,4%
24�hour ECG monitoring (n = 134)

ischemic ECG changes 18.6% (n =18) 12.4% (n =12) 6.2% (n =6)
Stress test (n=72):

positive 31.9% (n = 23) 22.2% (n = 16) 9.7% (n = 7)

*BMS – bare metal stent, **DES – drug�eluting stent.
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in�stent restenosis; CABG was recommended
for 12 patients (28.6%). It should be noted that
the percentage of bare metal and drug�eluting
stent restenosis was 54.5% (n = 30) and
21.05% (n = 12), respectively; hence, an
advantage of drug�eluting stents for LMCA
lesions is demonstrated.

Conclusion
The obtained results demonstrated the rela�

tive efficacy of LMCA stenting. However, further
development of the most optimal and scientifi�
cally reasonable approaches to the treatment of
such difficult coronary lesions as LMCA stenosis,
is a top priority to extend indications for LMCA
stenting and to use this option not only in
patients with contraindicated surgical treatment,
but also in patients with stable angina.
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Introduction
Background. Method of radioangiography

is widely used in modern medicine for diagnos�
tics and treatment of cardiovascular diseases
(1, 2, 4). Due to its high informativity, this
method is widely recognized and it became a so
called “gold standard” (2, 4). However, as it is
an invasive method of investigation, such com�
plications as hematomas, thromboembolism,
arteriovenous fistulas as well as development
of postangiographic pulsatile hematomas and
pseudoaneurysms of peripheral vessels are
expected, which account for 0.2% – 10–15%
from a total number of iatrogenic pseudoa�
neurysms according to the data of different
authors (1, 4, 5). After conduction of diagnostic
angiography, percentage of complications is
smaller (0.2–0.5%) then after surgical manipu�
lations (2–15%) (2, 3, 5). Age older than
60 years, female sex, obesity, simultaneous
cannulation of the artery and the vein, as well as
previous diseases of peripheral arteries are
registered among risk factors of pseudoa�
neurysm development (1, 2, 3). In the last
years, devices for mechanic closure of femoral
artery puncture site have been developed.

However, until recently the issues of safety and
efficacy of their use as well as their usability by
the experts in the field of endovascular treat�
ment remain topical. Objective of this study was
to assess new vascular closure devices Exoseal
(Cordis) and Angio�Seal Evolution (St. Jude
Medical).

The Exoseal Vascular Closure Device is indi�
cated for femoral artery puncture site closure; it
reduces the time to hemostasis and ambulation
of patients after diagnostic or therapeutic pro�
cedures and decreases the number of compli�
cations. The Exoseal Vascular Closure Device
consists of a plug applier and an absorbable
plug. The plug applier consists of a handle
assembly and a delivery shaft. The absorbable
plug is fully enclosed in the distal portion of the
delivery shaft (Fig. 1). The plug applier posi�
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Access Site Closure Devices During 
Radiosurgical Interventions
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Each year the number of endovascular interventions is continuously growing. Since endovascular interventions are
invasive methods of treatment, sometimes different complications occur at the puncture site: hematomas, arteri�
ovenous fistulas, pulsatile hematomas which worsen the patient's condition and require various measures for their
liquidation. In Altay Territory Cardiology Dispensary, different devices for closure of puncture apertures in the
femoral artery are used. Closure devices demonstrated their efficacy and safety in preventing complications,
especially in patients at risk. However, the use of any closure device in different categories of patients requires fur�
ther investigation and accumulation of experience.
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Fig. 1. Location of plug relative to the vascular wall and
fascia.
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tions and deploys the absorbable plug to the
extravascular surface of the femoral artery
access site through the existing separate 7F
introducer with a working length of up to 12 cm
without the need for introducer replacement
before use. Hemostasis is achieved when the
absorbable plug is deposited on top of arteri�
otomy site. The plug exhibits partial to
advanced absorption at 30 days, with complete
absorption between 60 and 90 days post�
implant (Fig. 2). The Exoseal plug is MRI com�
patible.

Angio�Seal Evolution device
Device seals the arteriotomy site by closing

it from both sides between two main parts of
the device – anchor and collagen seal. Hemo�
stasis is primarily achieved mechanically by
compressing the arteriotomy aperture between
the anchor and the seal and additionally is
increased by collagen ability to stimulate blood
coagulation (Fig. 3). 

Material and methods
The Exoseal Vascular Closure Device has

been used for 4 months. 100 patients after
endovascular treatment procedure with the
puncture site closed using this device were
enrolled in the study. Femoral artery was closed
right after the completion of stenting proce�
dure, sometimes on the next day regardless of
the results of last determination of activated
partial thromboplastin time. Compression
bandage was applied at the puncture site for
12 hours. (Earlier, without using the closure
device, a tight compression bandage was
applied for 24 hours). On the next day, all
patients underwent duplex scanning of lower
limb vessels after using the closure device.
40 subjects from a general group of patients
weighed over 110 kg, 20 patients weighed
90–110 kg, and 40 patients weighed less than
90 kg. Upper limit of blood pressure ranged
from 100 to 180 mm Hg. Success rate for using
the system was 98%. In a group of patients
weighing over 110 kg there were no complica�
tions; one patient (1%) had hematoma (in
a group of patients weighing less than 90 kg),
however, no special treatment was required;
hematoma formed in one more patient (1%)
after bed rest violation (long�term psychomotor
agitation), no special treatment was required.
A total number of complications was 2%.

Angio�Seal Evolution device was used in
40 patients after elective endovascular proce�
dures (Fig. 4). Right after manipulation, the
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post�puncture aperture was closed by the
device under X�ray control (X�ray control is rec�
ommended to determine the place where the
introducer is located in the vessel).
Compression bandage in this case was not
applied (it is contraindicated when using this
device). In 2 hours after endovascular interven�
tion the patient was allowed to get up and walk.
In a group of patients where the device was
used the weight was 80–110 kg; there were 25
female and 15 male subjects. On the next day,

all patients underwent duplex scanning of lower
limb vessels after using Angio�Seal Evolution:
no defect in the vascular wall at the puncture
site, no data of pseudoaneurysm formation
were registered. 

Success rate of using Angio�Seal Evolution
device was 100%. The number of complica�
tions was 0%.

Conclusion
The incidence of complications after

endovascular interventions with femoral
approach is reducing with accumulation of
experience gained from using Exoseal (Cordis),
Angio�Seal Evolution (St. Jude Medical)
devices. However, the use of these devices has
its advantages and disadvantages. For exam�
ple, Exoseal has a simpler installation tech�
nique as compared with Angio�Seal Evolution,
it does not require X�ray control, special stor�
age conditions and has a long�term storage
period. However, it is necessary to apply com�
pression bandage after procedure at the
manipulation site; it is hard to determine loca�
tion of the plug right after conducting the pro�
cedure. When using Angio�Seal Evolution,
X�ray control is required to identify introducer in
the artery (it is recommended); the device
should be kept in the refrigerator and its stor�
age period is rather short. However, the use of
Angio�Seal Evolution allows the patient to
ambulate after device implantation in 20 min�
utes, to be discharged from the in�patient
department if there are no other complications
in 1 hour (according to the instruction on appli�
cation), compression bandage after procedure
is not applied, in 60–90 days all device compo�
nents are completely absorbed and dissolved.

According to our data, the use of both clo�
sure devices results in decreased number of
complications after endovascular procedures;
however, it is necessary to continue studies on
devices to determine in which case is better to
use Angio�Seal Evolution and in which –
Exoseal. Of special interest is an experience of
using closure devices in a group of patients at
high risk of complications (weight greater than
110 kg, female sex, in patients with long�term
presence of introducer in the femoral artery,
with long�term anticoagulant therapy), who suf�
fer from severe painful sensations caused by
compression bandage which may be ineffective
The further use of Exoseal and Angio�Seal
Evolution closure devices makes it possible to
gain more experience and to reduce the num�
ber of complications.
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Fig. 4. Location of the plug according to the duplex
scanning data the next day after the Exoseal installation.
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Therefore, as compared with conventional
manual hemostasis, closure devices let
patients be active significantly earlier after
endovascular treatment with lesser number of
complications.
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Portal vein thrombosis (PV) is a process of
thrombus formation until the complete occlu�
sion of the vessel lumen draining the gastroin�
testinal organs. Portal vein thrombosis is a rare
disease of hepatic vessels. It can result from a
large number of different diseases and remain
asymptomatic or can manifest as symptoms of
the underlying disease. Disease diagnostics is
complicated. In portal vein thrombosis, prog�
nosis is always serious and unfavorable, lethal
outcomes are often observed as a result of
bleedings or hepatic coma.

Main trunk thrombosis of the portal vein in
Russia was for the first time intravitally diag�
nosed by S.P. Botkin in 1862. In 1934, N.D. Stra�
zhesko was the first to describe intravitally rec�
ognized thrombosis of the right branch of the
portal vein trunk in the world literature, and he
developed symptomatology for the right
branch obstruction of the portal vein based on
his own studies and literature data.

There are no reliable data on the incidence
of portal vein thrombosis. According to post�
mortem findings, thrombosis is registered in
0.14–0.34% of all autopsies (L. Lissauer, 1908;
L.Т. Webster, 1921; Е.С. Pallette, 1936). Accor�
ding to other data (A.I. Gritsyuk, 1973), during
the autopsy of subjects who died from major
cardiovascular diseases (atherosclerosis,
hypertensive disease, endocarditis and heart
defects) portal vein thrombosis was observed
in 0.56% of cases (in 10 out of 1763 died sub�
jects), which accounts for 0.8% of all throm�
boembolisms developing during these dis�
eases. It is known that portal vein thrombosis is
registered in up to 30% of patients with hepato�

cellular carcinoma and in up to 5% of patients
with portal hypertension associated with liver
cirrhosis.

Development of this disease, as well as other
venous thromboses, may be explained by
Virchow's triad including the following elements. 

1. Injury of the venous wall during the surgery. 
2. Decreased blood flow velocity in the portal

vein: compression of the vessel from the outside
by the tumor, scarrings, echinococcal cyst, by
alveococcus; chronic heart failure; constrictive
pericarditis; Budd–Chiari syndrome (thrombo�
sis of hepatic veins).

3. Increased blood coagulation or changes
in the cell elements ratio: during the post�oper�
ative period, especially in oncologic patients,
and also after splenectomy; during inflammato�
ry processes as complication of acute appen�
dicitis, in purulent cholangitis and lymphadeni�
tis of hepatoduodenal ligament, ulcerative coli�
tis; pancreonecrosis; umbilical infection during
the neonatal period (neonatal septicemia,
omphalitis, contamination during catheteriza�
tion of umbilical vein for replacement blood
transfusion); during pregnancy complications
(in particular, during eclampsia); in some
hematologic diseases causing increased blood
clotting (e.g. Banti’s pseudosyndrome in vis�
ceral leishmaniasis).

Clinical picture depends on localization and
extent of portal vein thrombosis, the rate of its
development and the nature of predisposing
liver disease. The most severe manifestation of
the disease is hepatic infarction or atrophy of its
segment. However, in 1/3 of cases thrombosis
forms slowly which results in development of
collaterals, the portal vein eventually recanal�
izes, and its cavernous transformation is
observed. Nevertheless, portal hypertension
develops even in relatively favorable disease
course.

When diagnosing portal vein thrombosis,
attention should be paid to coagulogram which
demonstrates the following: increased level of
fibrinogen, appearance of activated fibrino�
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gen B, increased prothrombin ratio (PR),
reduced blood clotting time.

During ultrasound examination (US) in
seroscale regimen, non�homogenous mass of
increased or mixed echogenicity with uneven
ill�defined contours which obturates the blood
flow may be observed; its dimensions may vary
from 0.5 cm till complete occlusion of portal
vein and/or its branches (Figure 1, a). Echo�
genicity of the thrombus is more increased
when compared with the blood surrounding it.
However, at early stages of development,
echogenicity may differ so slightly that it is
extremely difficult to visualize the thrombus.
Increased vessel diameter with ill�defined con�
tours, enlarged liver with decreased echogenici�
ty, enlarged spleen may be observed. Prime
causes of portal vein thrombosis may be deter�
mined: hepatocellular carcinoma, metastases,
liver cirrhosis, pancreatic neoplasms etc. Liver
abscesses may be detected in pylephlebitis.

In CFM, complete or partial absence of
Doppler signals inside the vessel lumen is
observed; in case of partial thrombosis, the sig�
nal is registered parietally around the thrombus
partially occluding the vein or in the narrow col�
laterals (Figure 1, b). In case of partial throm�
bosis, a Doppler signal with signs of turbulence
is observed together with increased blood flow
velocity. In tumor thrombosis, blood flow may
be pulsating or uninterrupted. Small and large
collaterals are visualized. In case of cavernous
transformation of the portal vein, flattened
Doppler curve with mean blood flow velocity

less than 8 cm/sec is registered in CFM regi�
men in the collaterals. Cavernous venous mal�
formations, spontaneous porto�portal, porta�
caval and splenorenal shunts are possible.

During computed tomography (CT), the
thrombus is detected as a filling defect in the
portal vein lumen which does not enhance the
signal.

In magnetic resonance imaging (MRI), the
areas of pathological signal with the same
intensity as surrounding tissues are detected
on T1�weighted images and with increased
intensity on T2�weighted images.

Angiography is a method of final diagnosis
confirmation. Due to safety concerns, venous
phase of superior mesenteric angiography is
used more often, splenic portography is con�
ducted less often. Either the filling defect is
observed in the portal vein, or it is not contrast�
ed at all.

Depending on thrombus localization, there
are three types of portal vein thrombosis: radic�
ular type (thrombosis of the splenic vein and of
mesenteric vessels); terminal type (throm�
boses of small branches and capillaries of the
portal vein in the liver); trunk thrombosis (in the
portal vein trunk) (1–3).

Moreover, portal vein thrombosis can be
acute (after splenectomy, in cirrhosis) and
chronic (it develops for a long time ranging
from few months till few years) (1–3).

Stages of thrombosis.
1. Acute – echogenic thrombus. Portal vein

may be enlarged.
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Fig. 1. Echogram of portal vein thrombosis. a – B�regimen. Non�homogenous mass of increased echogenicity with
uneven ill�defined contours in the portal vein lumen (arrows); b – color flow mapping (CFM) regimen. Complete
absence of Doppler signals inside the vessel lumen; Doppler signal is detected in small collaterals.
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2. Subacute – thrombus and small collater�
als are visualized. Portal vein may be enlarged.

3. Chronic – large collaterals in the projec�
tion of obliterated portal vein (cavernous trans�
formation of the portal vein). Portal vein is
diminished or cannot be visualized (1–3).

Treatment
Below mentioned therapy is used only for

genuine portal vein thrombosis. In all other cases
it is necessary to determine a direct cause of
this complication.

Medication therapy
Anticoagulants Emergency care: heparin

40,000–60,000 U by intravenous (i/v) drip infu�
sion for 4–6 hours, then 40,000 U/day (from
Day 1 to Day 8–10) intramuscularly (i/m). The
dose of the drug should be based on blood
clotting time, plasma tolerance to heparin and
results of thromboelastography. Maintenance
therapy: 1–3 days prior the completion of
heparin administration, indirect anticoagulants
(phenindione, ethyl biscoumacetate, aceno�
coumarol) are prescribed, the dose is chosen
individually (decrease of PR till 40%). For
example, the doses of phenindione are as fol�
lows: on Day 1 – 0.12–0.18 g/day (divided into
3–4 doses), on Day 2 – 0.09–0.06 g/day, on
subsequent days – 0.03–0.06 g/day(depend�
ing on PR). Contraindications for prescribing
anticoagulants. Absolute contraindications:
severe bleeding, recent (within 1 month) neuro�
surgeries, pregnancy, intolerability reactions.
Relative contraindications: recent severe
bleedings, surgeries (except for neurosurg�
eries), a history of ulcer disease or recent
stroke (not related to embolism).

Thrombolytic drugs, e.g. fibrinolysin
(20,000–40,000 U adding 10,000 U of heparin
to each 20,000 U of fibrinolysin) i/v over 3–4
hours, streptokinase, streptodecase.

Rheopolyglukin, rheogluman (400–800
mL/day i/v for 3–5 days).

In pylephlebitis – broad spectrum antibi�
otics, e.g. imipenem+cilastatin up to 4 g/day i/v
divided into 3–4 doses.

Surgical treatment
Conservative methods. The usage of

Sengstaken�Blakemore tube. After introducing
the tube into the stomach, the air is inflated in
the cuffs, compressing veins of cardia and the
lower third of esophagus. In order to avoid
decubitus ulceration, balloons are deflated
every 5–6 hours for 5–10 minutes. A total dura�

tion of the tube usage should not exceed
48 hours. 

Injection sclerotherapy: during esophago�
scopy, sclerosing agent decilatum (trombovar)
is introduced into esophageal varices, causing
their thrombosis. 

• Surgical treatment is used if conservative
treatment is unsuccessful 

• If the splenic vein is patent, the surgery of
choice is to create splenorenal anastomosis 

• Otherwise, mesenteric�caval anastomosis
is created using a vascular prosthesis of large
diameter (16–18 mm) between the superior
mesenteric vein and inferior vena cava 

• In case of continuous esophageal bleeding,
stitching of esophageal varices may be per�
formed, e.g. Tanner operation (transverse tran�
section of the stomach in the cardia with subse�
quent end�to�end suturing of its walls) 

• In pylephlebitis – lancing and draining of
abscesses in the liver.

We would like to bring a clinical case from
our practice to your attention.

Patient K., 61 years old. Since 2007, the
patient was repeatedly observed and treated in the
Moscow City Center of Interventional Cardio�
angiology for coronary heart disease and athero�
sclerosis of lower limb arteries.

Medical history. In 2007, he had non�Q�wave
posterior diaphragmatic myocardial infarction,
involving the lateral wall. At the pre�hospital stage,
systemic thrombolysis with actilyse was performed
to the patient.  During coronary angiography, 80%
critical stenosis of the middle third of the left anteri�
or descending artery (LAD), occlusion of the proxi�
mal third of the left circumflex coronary artery (LCX),
and 70% stenosis of the middle third of the right
coronary artery(RCA) were detected. Transluminal
angioplasty and stenting of the LCX using Bx Sonic
stent 3 × 18 mm were conducted. Concomitant dis�
ease: atherosclerosis of lower limb vessels for which
stenting of right common hepatic artery (CHA) was
performed with good effect. In June (14.06.11),
he was hospitalized in the clinic for elective endovas�
cular procedures on the LAD and RCA, as angina
attacks persisted. The patient was taking the following
medications: zilt, cardiomagnyl, concor, co�renitec.

On general examination, an attending physician
paid attention to increased liver; due to this fact
ultrasound examination of hepatobiliary organs was
scheduled. According to the patient, he experienced
pain in epigastrium, abdominal distension and con�
stipation for the past two�three weeks.

The following was detected at ultrasound exami�
nation (Fig. 2–5): increased dimensions of right and
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left liver lobes (oblique vertical dimension of liver
was increased up to 20.0 cm), mixed echogenicity of
parenchyma with areas of increased and decreased
echogenicity. Also dilation of the portal vein up to
18.0 mm was noticed. Isoechogenic inclusion was
visualized in the venous lumen which did not com�
pletely obturate the venous lumen. Partial coloring of
the venous lumen was recorded at color Doppler
examination, almost no collapse was observed
depending on the respiration phase.

The patient was recommended to undergo com�
puted tomography.

CT data. Liver is enlarged, with diffusely non�
homogenous structure, with multiple areas of signifi�
cant differences in parenchymal densityMassive
thrombosis is detected in the lumen of the portal vein
with signs of luminal subocclusion spreading on the
main branch of the right lobe, and multiple thrombo�
sis of a smaller lobe. Other abdominal and retroperi�
toneal organs are without pathological changes.

Laboratory data are without significant changes,
except for increased level of total bilirubin up to

20.8 mmol/L, increased gamma�glutamyltrans�
ferase up to 249 U/L, increased level of C�reactive
protein up to 14.4 mg/L.

HEMOSTASIS TESTING dated 15.06.11.

Normal value

Platelet count, 109 /L 186 150–390 

Aggregation time, seconds 36 52–66 

% of aggregation 30 47–67

% of desaggregation 75 0–6

Prothrombin ratio 1.03 0.88–1.13

International normalized 
ratio (INR) 1.03 0.85–1.15

Fibrinogen, g/L 2.7 2–4 

Activated partial 
thromboplastin time 
(APTT), seconds 35.7 24–34

The patient was consulted by a general surgeon
at N.V. Sklifosovsky Research Institute of Emergency
Medicine, where he was transferred to for the further
treatment.
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Fig. 2. Echogram of the right liver lobe. (Sequence of
areas with increased and decreased echogenicity of
hepatic parenchyma – areas of parenchymal necrosis).

Fig. 3. Echogram of the right liver lobe – areas of paren�
chymal necrosis.

Fig. 4. Echogram of the main trunk of the portal vein and
its right branch.

Fig. 5. Echogram of the main trunk of the portal vein
(dilated to 19.0 mm).
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At N.V. Sklifosovsky Research Institute of Emer�
gency Medicine the patient was examined and was
diagnosed with hepatocellular cancer complicated
by portal vein thrombosis and Grade 1 esophageal
varices. After discharge, the patient was referred to
the oncologic center for consult and observation. 

In two months the patient’s condition dramatical�
ly worsened, due to this he was hospitalized in the
City Clinical Hospital No. 62 with suspected acute
gastrointestinal bleeding in a terminal stage. Despite
performed resuscitation procedures, the patient
died on the next day (August 7, 2011).

Therefore, taking into consideration the
above mentioned clinical case, it may be con�
cluded that portal vein thrombosis is a serious
pathological condition which may develop as
an independent disease, and may be a compli�
cation of a more serious process. Portal vein
thrombosis may result in lethal outcome
despite the absence of marked clinical presen�
tation. This case is an example of asympto�

matic course of the main severe disease
(hepatic cancer) resulting in portal thrombosis,
which, in turn, was an incidental finding during
the ultrasound abdominal examination.
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Increase in life expectancy resulted in more
frequent aortic valve replacements in patients
aged older 80 years; however, mortality rate
after conventional valve replacement in
patients of this age group is rather high
(Yamashita et al., 2012). Nevertheless, in
patients at high surgical risk and in inoperable
patients transcatheter aortic valve implantation
(TAVI) more frequently replaces conventional
surgery (Dworakowski and Maccarthy, 2012).

However, the question regarding which sur�
gery to prefer is not finally solved, especially if
such patients have a history of coronary artery
bypass grafting. According to Yegaden et al.
(2012), 1 year after surgery survival rate was
100% in surgical group and in TAVI group when
using transfemoral approach. Mortality rate was
73% in TAVI group with transapical approach.

Coronary heart disease (CHD) is registered
in more than 50% of patients older than 70 years
with severe aortic valve stenosis who under�
went transcatheter aortic valve implantation
(Dewey et al., 2010). Combination of surgical
aortic valve replacement and coronary artery
bypass grafting is a gold standard for treatment
of patients with aortic valve stenosis and con�
comitant coronary heart disease, although it is
associated with higher surgical risk (Dimorakis
et al., 2011). Moreover, a significant proportion
of such patients are not suitable for surgery due
to contraindications. CHD increases the intra�
operative risk during TAVI and concerns regard�
ing the approach to the coronary artery after
valve replacement support conduction of per�
cutaneous coronary interventions prior to TAVI
(Gautier et al., 2011). While myocardial revas�

cularization affects the surgical outcome in
patients who underwent surgical aortic valve
replacement, the influence of percutaneous
coronary interventions (PCIs) in patients who
underwent transcatheter aortic valve implanta�
tion has not yet been determined (Jatte et al.,
2012, Wenaweser et al., 2011).

The studies are currently aimed at solving
the problem of safety and possibility of con�
ducting PCI in patients with significant lesion of
coronary vessels who are scheduled for TAVI.
According to the opinion of Pasic et al. (2012),
the treatment strategy (when and where) for
coronary heart disease in patients selected for
TAVI is not ultimately determined. The authors
performed endovascular procedures on the
coronary arteries prior to TAVI in 46 patients,
and in 100% of cases they achieved angio�
graphically good result. Mortality rate within
30 days was 4.3%. Survival rate in 36 months
after the surgery was 69.7 ± 10.3%. According
to the authors data, a single�stage surgery
is safe and effective.

Abdel�Wahab et al. (2012) consider that
TAVI is a prospectively new method of treatment
of patients with severe aortic valve stenosis at
high surgical risk. Fifty five out of such 125 pati�
ents underwent PCI at least 3 months prior to
supposed TAVI (mean interval was 10 days) or
as single�stage procedure, and the rest 70 pati�
ents underwent isolated TAVI. All patients were
implanted CoreValve prosthesis (Medtronic).
Thirty�day mortality rate was 2% (TAVI + PCI)
and 6% (isolated TAVI) (p = 0.27). There were no
significant differences in complications.
Therefore, preliminary endovascular treatment
of coronary heart disease prior to valve replace�
ment may be possible and useful in this situation.

Conradi et al. (2011) consider combination
of percutaneous aortic valve implantation and
percutaneous coronary intervention as an alter�
native strategy in high�risk patients. Twenty
eight patients who underwent TAVI and PCI and
who were denied surgical treatment were
examined. The first group where PCI was per�
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formed prior to the scheduled TAVI (mean
interval was 14 days) included 21 patients. The
second group consisted of 7 subjects who
underwent PCI directly before TAVI. Neither
acute myocardial infarction (AMI) nor cere�
brovascular accident (CVA) was observed in
patients. Thirty�day mortality rate was 7.1%.
This strategy of staged or single�stage TAVI
and PCI turned out to be possible and safe in
high�risk patients.

The discussion on the following topic was
published in The heart org in 2011 under the
number 12229197: “The TAVI patient with CAD:
Experts debate whether and when to do PCI.”
The experts opinions have divided. According
to Nadra (2011), conduction of percutaneous
coronary interventions prior to TAVI has an
advantage of providing the easiest approach to
the coronary arteries and reducing the risk of
myocardial ischemia during valve implantation
which, in turn, may reduce the risk of left ven�
tricular dysfunction and ventricular arrhyth�
mias. On the other hand, Doctor Tolg (2011)
considers that the patients scheduled for TAVI
start taking double desaggregant therapy
before the intervention, and PCI itself will be a
high risk procedure regarding aortic stenosis.
Meanwhile, percutaneous coronary interven�
tions after valve implantation reduce the risk
associated with endovascular procedures in
patients with aortic stenosis; however, the
approach to the coronary arteries is more com�
plicated. Redwood (2011) noted that TAVI is
already a high�risk procedure for a patient, and
there is a serious risk of stent thrombosis in
such patient after recent revascularization
associated with the surgery conducted at the
background of long�term intake of double anti�
aggregant therapy. Hayashida et al (2012)
demonstrated that one�year survival after TAVI
in females is significantly higher than in males
(76% vs 65%).

In October 2011, ACTIVATION study devoted
to percutaneous coronary intervention prior to
transcatheter aortic valve implantation commen�
ced; it included 310 patients from 20–30 Great
Britain and European hospitals.

The patients were randomized into 2 groups:
isolated TAVI and TAVI in combination with pri�
mary percutaneous coronary intervention.
Mortality and repeated hospitalization within
a year will be the primary endpoints. The study
is planned to be completed by October 2015.

In March 2012, the study of Gasparetto et al.
(2012) and Ussia et al. (2012) was published
which demonstrated that coronary revascularti�

zation before TAVI is safe and has the same
results as isolated TAVI. 

Thus, transcatheter aortic valve implantation
has recently become a method of choice in
treatment of aortic valve stentosis, especially in
patients at high surgical risk. Currently, there is
no developed strategy regarding how and when
to treat CHD in patients referred for TAVI. At the
same time, simultaneous single�stage treat�
ment of both pathologies is considered as one
of the possible solutions.
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Cardiovascular pathology is one of the most
common causes of disability and mortality
among the adult population in the industrially
developed countries, including the Russian
Federation (1, 2). According to the recent data
from the World Health Organization, cardiovas�
cular diseases annually are the cause of more
than 30% of all lethal outcomes worldwide, and
32 million of people have a history of myocar�
dial infarction (MI) (3). In a general structure of
mortality, the proportion of cardiovascular dis�
eases in the Russian Federation is the highest
among the world’s developed countries and
reached 55% by 2000; coronary heart disease
(CHD) accounts for more than 36% (4).

Invasive percutaneous methods of treatment
of coronary atherosclerosis were for the first
time used by Andreas Gruntzig at the end of
1970s, when he and Senning described the
procedure called percutaneous transluminal
coronary angioplasty. They reported that 6 out
of 32 patients (19%) who underwent balloon
angioplasty experienced restenosis or repeated
narrowing of the vessel a few months after the
initial procedure (5). Subsequent studies in a
large number of patients after coronary angio�
plasty reported about 33% restenosis rate (6).

Restenosis phenomenon 
after percutaneous interventions

For the first time, intravascular endoprosthe�
sis (stent) for support of the vessel wall after
transluminal angioplasty was implanted in the
coronary artery by U. Sigwart in 1986 in Switzer�
land. It was a nitinol self�expanding Wallstent (7).
Endografting provided a high direct success

rate and eliminated a number of serious com�
plications typical for transluminal angioplasty
such as pronounced dissections and acute
occlusions of the coronary arteries (CA) (8).

It was found that stents significantly reduced
the rate of restenosis – a repeated lumen nar�
rowing in the vessel on which angioplasty had
been previously performed (9). Although enhan�
cement of technologies, development of new
prostheses, alloys, as well as drug modification
of the stents significantly reduced the rate of
restenosis, but they did not solve this problem.

Histopathology of restenosis after percuta�
neous coronary interventions (PCI) varies and
is generally characterized by neointimal tissue
proliferation. Degree of neointimal proliferation
directly depends on the severity of endothelial
lesion at PCI, on the intensity of inflammatory
response, and on biocompatibility of the implant
itself in case of implantation of the coronary
stent. Clinical parameters may positively or
negatively affect the rate of restenosis develop�
ment. Conducted large multicenter studies
have demonstrated the efficacy of using drug�
eluting stents; however, there are a lot of ques�
tions regarding the mechanism of restenosis
which have not been answered yet.

Restenosis has many clinical definitions. The
term “angiographic restenosis” is usually based
on more than 50% difference in the diameter of
stenosis at the stented site and native vessel.
However, while angiographic parameters of
restenosis complement the understanding of
restenosis mechanisms, clinical results should
be considered as genuine criterion of treatment
success (10). Clinical definition of success
includes repeated interventions which are usu�
ally based on the clinical symptoms or other
signs of myocardial ischemia.

Predictors of restenosis
Goldberg et al. (11) assessed 456 CA lesions

with restenosis in the stent. They defined diffuse
restenosis as restenosis more than 10 mm long,
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or as an expansion of the initial lesion, or as a
restenotic narrowing more pronounced than
the initial one. The authors determined that dif�
fuse restenosis was associated with the smaller
reference diameter of an artery, greater lesion
extent, female gender, longer stent and with the
use of spiral stents. Other studies demonstrated
relationship between restenosis and multiple
stenting, smaller final minimal lumen diameter
(12) and insufficient use of intravascular ultra�
sound (IVUS) due to technical and financial diffi�
culties (13).

Many large studies showed that patients
with diabetes mellitus (DM) had the higher rate
of restenosis after stent implantation as com�
pared with patients without diabetes (14).
Another study demonstrated that not only
restenosis contributes to the higher rate of
revascularization in diabetes, but progression
of coronary atherosclerotic lesion as well (15).
Based on the large number of conducted stud�
ies, it may be concluded that diabetes really
predisposes to restenosis in the stent; however,
the intensity of diabetes impact on restenosis
remains controversial.

Drug�eluting stents: 
evolution or revolution?

To date, most of the used coronary stents
consist of medical grade 316L stainless steel,
alloys of cobalt and chrome or nitinol (alloy of
nickel and titanium), from 8 to 38 mm long and
from 2.25 to 5 mm in diameter (16).

Detailed understanding of restenosis process
in the stent has led to investigating a wide range
of drugs aimed at various pathways leading to
restenosis. The first two drug�eluting stents
(DES), which appeared in Europe, USA and
Canada in 2003–2004, were coated with
sirolimus and paclitaxel (17). Sirolimus and
paclitaxel are both immunosuppressive and
antiproliferative agents, but their mechanism of
action varies.

Release of the drug should be predictable.
Transporting binding delivery agent (most
often, a polymeric carrier) should be biologi�
cally inert and should follow the changes in the
stent configuration during expansion and
implantation.

Polymeric coating, as well as its type, also
influence the rate of restenosis and thrombosis
(18), as it may be associated with vascular
inflammation and more prolonged healing
(19). Biologically compatible coatings of natu�
ral phospholipid polymer are currently in the
clinical use (20).

Clinical studies 
of drug�eluting stents

To date, a large number of multicenter ran�
domized studies of drug�eluting stents have
been conducted, proving their efficacy regard�
ing restenosis as compared with bare metal
stents (BMS). All studies have been repeatedly
covered earlier. However, thorough meta�
analysis of the largest number of such studies
is what has scientific and practical importance.

Sondhi et al. (21) in 2006 performed meta�
analysis of 12 studies devoted to this problem,
which were conducted from 1996 to 2005
(4902 patients). According to the conclusions
of the group of investigators, DESs do not affect
the total risk of death or combined risk of death
or MI as compared with BMSs. DESs, neverthe�
less, are associated with a low basic risk of
restenosis as compared with BMSs (8% for
DESs and 31% for BMSs). DESs required target
lesion revascularization (TLR) in 4% as com�
pared with BMS, for which TLR was 15%.

Kastrati et al. (22) conducted meta�analysis
of 14 studies comparing DESs and BMSs (4958
patients). The investigators confirmed that the
use of sirolimus�eluting stents does not cause a
significant positive effect on the overall long�
term survival and major adverse clinical events
(MACE) as compared with BMS. Total risk of
death and combined risk of death or MI were
almost identical both for the patients with
implanted DESs, and for the patients with
BMSs. The authors reported significant reduc�
tion in the rate of repeat revascularizations
(TLR) related to the use of sirolimus�eluting
stents and almost no significant difference in
the overall risk of thrombosis for DES and BMS.
Nevertheless, a slight increase in the risk of
sirolimus�eluting stent thrombosis was con�
firmed after the first year.

In Camenzind (23) meta�analysis, clinically
oriented meta�analysis was focused on the
cases of death, Q�wave MI and cumulative num�
ber of death and Q�wave MI cases, as they bet�
ter reflect the rate of stent thromboses, the use
of limiting thrombosis definitions (as, for exam�
ple, late stent thrombosis according to angiog�
raphy data). According to the most recent
result, overall mortality and Q�wave MI cases
were by 38% (sirolimus) and by 16% (paclitax�
el) higher when using DESs as compared with
control, where BMSs were used.

In total, the studies comparing sirulimus� or
paclitaxel�coated stents were too small to make
final conclusions regarding the advantage of
two types of antiproliferative coatings. Meta�
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analysis revealed that restenosis occured less
often in sirolimus group (9.3%) as compared
with paclitaxel group (13.1%). As for the rate of
stent thrombosis, mortality, including mortality
due to MI, was similar in both groups of
patients. Regardless of the fact that this meta�
analysis supports sirolimus regarding resteno�
sis, more large�scale studies with additional
statistical processing are required in order to
obtain more reliable results (24).

Indications for using various types 
of coronary stents

Appearance of drug�eluting stents as well as
improvement of technologies and techniques
discovered new opportunities in treatment of
complex and unusual CA lesions. The length of
lesion as well as diameter of the vessel were inde�
pendent predictors of restenosis by themselves.
Meta�analysis demonstrated that stenting of
small�diameter vessels significantly decreased
the rate of repeat revascularizations as compared
with balloon angioplasty, which was previously
widely used for the treatment of small caliber
lesions (25). Recent TAXUS�VI studies demon�
strate that drug�eluting stents decrease the
degree of restenosis in small caliber vessels (26).

Different studies comparing stenting with
transluminal angioplasty of CA occlusions
reported that stenting reduces the degree of
angiographic and clinical restenosis and re�
occlusion (27). Recently, a number of studies
comparing drug�eluting stents with their metal
analogies confirmed the high efficacy of the
former (28).

For treatment of bifurcation lesions, different
methods of stenting are used, each of which
has its own advantages and indications. The
use of coated stents is accompanied by a lower
rate of restenoses; however the degree of
restenosis remains higher in the side branches
as compared with the main vessel (29).

Efficacy and safety studies demonstrated that
stenting of unprotected stenosis in the trunk may
be a real alternative to coronary artery bypass
grafting (30). Analysis of recent studies showed
a leading role of coated stents in treatment of
trunk lesions. SYNTAX study also demonstrated
good results of interventions using coated
stents as compared with coronary artery
bypass grafting (31).

Thrombosis as an Achilles’ heel 
of drug�eluting stents

The use of stents has its disadvantage
(namely, thrombosis). There are two different

types of thromboses: early stent thrombosis
which is observed within the first 30 days, and
late stent thrombosis observed after 30 days.
Orford et al. (32) studied 4500 patients of Mayo
clinic and reported 0.51% rate of thrombosis.
The problem is that the patients with stent
thrombosis have a 70–87% risk of lethal out�
come or MI.

Late stent thrombosis may be observed with
decreased re�endothelialization of the vessel
and implanted stent. According to Ong et al.
data (33), angiographic rate of late thromboses
is approximately 0.35%; however, the clinical
rate is probably higher, because some cases
such as sudden cardiac death or acute
myocardial infarction (AMI) may not be regis�
tered. The cause of late thromboses is unknown
and is currently being studied. The study is car�
ried out in three directions: poor re�endothelial�
ization due to the toxic nature of the medicinal
product, allergy to the medicinal product and
remodeling of the vascular lumen (19).

Continuous neointimal formation for a long
time is a phenomenon observed with drug�elut�
ing stents. Unlike metal stents, in which the
peak of neointimal formation is at 6 months and
then it regresses, actual duration of this process
in drug�eluting stents which delay neointimal
growth is unknown.

Prospects of development 
of CHD endovascular treatment

Thus, the existing stents are apparently an
intermediate link in technical development of
invasive transcatheter technique for coronary
atherosclerosis treatment. Conducted multiple
and large�scale studies revealed a large num�
ber of disadvantages for widely used implanted
frame devices.

A tendency for the further development of
endovascular treatment of cardiovascular
pathology has many sides. To date, third�gener�
ation drug�eluting stent with biodegradable
polymer on the lactic acid basis (PLA) has been
developed and is successfully used. In the
future, a stent with such system of local drug
delivery is able to draw closer an efficiency of
drug�eluting stents and safety of bare�metal
stents. The first of such mass�production stents
was Nobori stent (by Terrumo). R. Virmani et al.
demonstrated complete endothelialization on
Day 28 after the stent implantation in an exper�
iment. The stent is characterized by its unilater�
al abluminal biodegradable polymer coating
with a cytostatic agent (biolimus A9), that pro�
vides timely endothelialization of the stented
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segment. At that, manageable polymer wash�
ing�out decreases the proliferative response
during the acute period of restenosis forma�
tion, eventually the stent becomes a bare�metal
stent. Conducted randomized studies Nobori 1,
2, PK, Core with 9�month long�term period
demonstrated efficacy and safety of such
stents; however, the impact on long�term sur�
vival and on the incidence of severe cardiac
complications was not assessed (34).

A wide usage of stents has demonstrated
that their permanent presence in the vessel
causes thrombosis, chronic inflammation and
neointimal proliferation, leading to restenosis.
Permanent vascular stent impairs the vessel
geometry, and the polymer used as a vehicle
for local drug delivery may induce vessel irrita�
tion, endothelial dysfunction, hyperreactivity of
the vessel and chronic inflammation at the site
of implantation (35). Implantation of metal con�
structions in the CA may further not only com�
plicate the conduction of necessary surgical
interventions, but creates artifacts for modern
non�invasive methods of cardiac imaging.

In contrast to bare metal stents, bioab�
sorbable stents, after being completely elimi�
nated from the vessel, leave behind only an
expanded vascular lumen, allowing restoration
of vasoreactivity with potential vascular remod�
eling. Late stent thrombosis is also unlikely in a
situation when the stent is gone from the vas�
cular lumen, which does not require prolonged
antithrombotic therapy. Bioabsorbable stents
may deliver drugs or genes, and perhaps play a
role in treatment of unstable plaques (36). Such
stents were developed and were tested in pre�
clinical and even clinical studies. Metal magne�
sium�based bioabsorbable stents have a poten�
tial comparable with stainless steel stents.
Studies of their efficacy and safety in animals
and humans are based exactly on this feature.
Heublein et al. (37) conducted a series of pre�
clinical studies with magnesium stents which
demonstrated a high level of complete stent
degradation within 60–90 days since the
moment of implantation and good biocompati�
bility. When comparing magnesium alloy stent
with a 316 L stainless steel stent in animals,
positive vessel remodeling was observed in
a magnesium stent with a reduction of neointi�
mal growth and complete absorption of the
stent within an interval from 30 to 56 days.

Currently, there are ongoing research proj�
ects, which combine magnesium stents with
local delivery of the drugs preventing resteno�
sis. It turned out to be necessary, as relatively

fast (30–60 days) disappearance of the stent
from the vessel triggers subsequent inflamma�
tory reaction and neointimal proliferation (38).
Therefore, if the stents coated with antiprolifer�
ative agents slow or stop inflammation and
neointimal growth, then optimal results may be
achieved in coronary revascularization with
magnesium used as a platform (39).
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Among percutaneous coronary interven�
tions (PCI), coronary stenting has become the
basic method in treating patients with coronary
heart disease. Coronary stents are used as
frame devices which lift the main restrictions of
balloon angioplasty and increase the safety of
interventions by preventing an early elastic
recoil and late remodeling of the vessel (1, 2,
3). At the same time, the role of stents is tem�
porary and is limited to a relatively short period,
starting since the moment of intervention and
ending a few days after the PCI, when healing
and re�endothelialization processes are com�
pleted at the site of injury. Therefore, a wide
usage of stents has demonstrated that their
permanent presence in the vessel causes
thrombosis, chronic inflammation and neointi�
mal proliferation, leading to restenosis. For
standard bare metal stents (BMS), thrombosis
significantly reduced after using two�compo�
nent antithrombotic therapy; however, resteno�
sis remained to be a significant problem. The
rate of restenosis was significantly reduced
after introducing drug�eluting stents (DES) in
the clinical practice.

Why is there a need for 
bioabsorbable stents?

Problems of bare metal stents can be solved
by using bioabsorbable stents. Despite devel�
opment and progress of bare metal stents,
stent thrombosis remains a threatening compli�
cation. The mechanism of implanted stent con�
sists in preventing narrowing of the vascular
lumen due to a metal frame, which is associat�
ed with favorable late remodeling (4). However,

permanent bare metal stents impair the vessel
geometry and often completely obstruct the
side branches.

Introduction of drug�eluting stents (DESs)
into the clinical practice significantly reduced
the incidence of restenosis and the need for
repeated interventions. Preliminary and subse�
quent prolonged antithrombotic therapy makes
it possible to reduce the risk of thrombosis, and
mismatch between the implanted stent and the
size of unimpaired vessel often results in inade�
quate expansion of the lumen at the site of
implanted stent. However, despite prolonged
double antithrombotic therapy up to 12
months, percentage of subacute and late
thrombosis remains rather high. Moreover, the
polymer used as a vehicle for local drug deliv�
ery may induce vessel irritation, endothelial
dysfunction, hyperreactivity of the vessel and
chronic inflammation at the site of implantation
(5). Excessive implantation of stents in the
coronary vasculature with formation of extend�
ed metal constructions may interfere with sub�
sequent necessary surgical procedures of
myocardial revascularization. Besides, bare
metal stents pose artifacts with modern non�
invasive imaging technologies such as magnet�
ic�resonance imaging and multispiral X�ray
computed tomography which showed good
results in non�invasive diagnostics of coronary
atherosclerosis.

In contrast to bare metal stents, bioab�
sorbable stents, after being completely elimi�
nated from the vessel, leave behind only an
expanded vascular lumen, allowing restoration
of vasoreactivity with potential vascular remod�
eling. Late stent thrombosis is also unlikely in a
situation when the stent is gone from the vas�
cular lumen, which does not require prolonged
antithrombotic therapy. Bioabsorbable stents
are suitable for complex lesions where the
stents may significantly impede on vascular
geometry and may crush and fracture, in par�
ticular, in subcutaneous tibial and femoral
arteries. Moreover, bioabsorbable stents may
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deliver drugs or genes, and perhaps play a role
in treatment of unstable plaques. Transferring
genes that code the cell proliferation pathway
with the help of stents seems to be a promising
method. Regardless of the impact of delivered
agent (drug or gene) on restenosis, polymeric
stents are the most suitable for such kind of
delivery. Moreover, bioabsorbable stents are
compatible with MRI and multispiral computed
tomography (MSCT).

Polymeric stents for local drug 
and gene delivery

Polymeric stents have the potential for local
delivery of drugs and genes. Polymeric materi�
al, especially biodegradable polymers, are
widely used for controlled (adjustable) drug
delivery (6, 7, 8, 9). It is possible that designed
biodegradable polymeric coatings of the stents
will not only be a physical barrier between the
vessel wall and the stent, but also will pharma�
cologically prevent thrombus formation and
neointimal proliferation. Such biopolymers are
currently loaded on the bare metal stents and
deliver genes or drugs. After completing their
mission, they (polymers) undergo complete
degradation and leave only the metal stent itself
contacting with the vessel wall.

Bioabsorbable polymers 
and stent design

There are several requirements for selecting
a polymer or alloy for bioabsorbable stent. They
include the strength of the polymer to avoid
possible immediate recoil, the rate of degrada�
tion and corrosion, biocompatibility with the
vessel and no toxicity. The change in the
mechanical properties and the profile of drug
release from bioabsorbable stents may heavily
depend on the rate of breakdown (degradation)
of the stent itself. This affects the selection of
the stent itself or alloy from which the stent is
made, as well as passivation of eluting agent
and the manufacturing process of the stent.
Currently, two types of materials are being used
for bioabsorbable stents: polymeric�based and
metal�based.

Polymers are widely used in cardiovascular
surgical devices and are used for local drug
delivery (10, 11). Among the polymers used for
bioabsorbable stents, the following are current�
ly known: poly�L�lactic acid (PLLA), polyglycol�
ic acid (PGA), poly (D, L�lactide/glycolide)
copolymer (PDLA) and polycaprolactone
(PCL). The degradation rates of these polymers
are listed in the Table.

Each of the above listed polymers was
designed for either self�expanding or balloon�
expandable stents. Another possible design of
a hybrid stent is a stent which combines poly�
meric bioabsorbable components with metallic
backbone to enable strength and to prevent
early recoil.

Among the first polymeric stents, bioab�
sorbable PLLA stent was tested. It was
designed and evaluated by Stack et al. (12). He
reported about creating 1000 mmHg pressure
without changes in the stent which maintained
its radial strength for 1 month. This stent was
completely degraded in 9 months with minimal
rate of thrombosis, moderate neointimal growth
and limited inflammatory response in porcine
coronary arteries.

Another polymeric stent (Igaki�Tamai) was
made of PLLA monofilament (with molecular
mass = 183 kDa) with a zigzag helical coil
design (Fig. 1).

Another interesting concept of the multilay�
ered biodegradable stent was offered by Eury
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Fig. 1. The Igaki�Tamai PLLA monofilament stent.

Characteristics of biodegradable polymers and alloys

Polymer Melting point, °С Degradation time, 
months

Poly�L�lactic acid (PLLA) 173–178 >24
Polyglycolic acid (PGA) 225–230 6–12
Poly (D, L�lactide/glycolide) copolymer (PDLA) amorphous 12–16
Polycaprolactone (PCL) >24
Magnesium alloy 1–3
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et al. (13). It was made of combined PLLA, PGA,
PCL, polyorthoesters and polyanhydrides.
Unique features of this stent are that one of its
layers creates the structure of the stent, and
additional layers are responsible for elution of
different drugs. The laminated construction
allows few drugs to be simultaneously present
in one stent, without interacting with each other.
And drug release depends on the characteris�
tics of the polymers�containers.

Preclinical studies of polymeric stents
The initial experimental studies of biodegra�

dable stents with PLLA, PCL, poly(hydroxybu�
tyrate�hydroxyvalerate) and polyorthoester
coated as films on the whole surface of wire
stents and implanted in the porcine coronary
arteries were disappointing. In 30 days after
implantation, histology studies revealed that
these coatings provoked a significant inflam�
matory response, neointimal proliferation and
extensive cell infiltration, first of all, by multinu�
cleated giant neutrophils, leukocytes, lympho�
cytes, monocytes and eosinophils. In addition
to these processes, medial necroses were
detected and pseudoaneurysms were also
formed (14). Lincoff et al. (15) demonstrated
that low molecular weight PLLA is associated
with pronounced inflammatory reaction, and
minimal inflammatory activity occurred with
high molecular weight PLLA.

When comparing the Igaki�Tamai stent with
the Plamaz�Schatz stent, there were no differ�
ences in the rate of thrombosis and in the mini�
mal lumen loss after 6 months. Histological
assessments revealed no significant inflamma�
tion and demonstrated minimal neointimal
hyperplasia on PLLA structures (16).

Using a stent made of L� and D�lactide
copolymer (L/D ratio was 96/4%), Hietala et al.
(17) conducted a study in rabbits with
34�month follow�up. This is the longest known
study which showed that complete endothelial�
ization occurred after implantation of this poly�
meric stent in 3 months, with no inflammatory
reactions observed within 6 months after stent�
ing. Hydrolization of the stent was evident at
12 months, and complete disintegration –
at 24 months. This stent was partially replaced
by fibrosis elements. The vessel lumen
remained patent throughout the whole obser�
vation period. In contrast to this observation,
the Kyoto University bioabsorbable stent made
of PGA and polyhydroxybutyrate was signifi�
cantly associated with subsequent pronounced
inflammatory reactions and thrombosis.

Preclinical studies of polymeric 
stents for local drug delivery

Yamawaki et al. (8) included an antiprolifera�
tive agent into the high�molecular PLLA of the
Igaki�Tamai stent. The stent was loaded with
tranilast – ST638 (a specific tyrosine kinase
inhibitor), or with ST494 (an inactive metabolite
of ST368) and implanted in porcine coronary
arteries. Histological analysis showed that the
extent of neointimal formation was significantly
smaller when the stent released an active
ST368 as compared with inactive ST494, which
did not impede neointimal growth and geomet�
ric vessel remodeling.

Vogt et al. (9) added paclitaxel to the stent
made of poly (D, L)�lactic acid copolymer
(PDLLA) and assessed the profile of drug release
from the stent. They discovered an exponential
pattern of paclitaxel elution rate and slow�
release profile with initial level of 5–8 µg/day and
subsequent decrease to 1 µg/day by 4 weeks
and to 0 µg/day by 3 months. Generally, the
stent demonstrated good mechanical stability.
In 3 weeks after stenting, the histomorphomet�
ric analysis demonstrated inhibition of neointi�
mal growth by 53% with paclitaxel elution from
PDLLA stent as compared with PDLLA stent
without the drug. Similar comparison with bare
metal stent demonstrated reduction of neointi�
mal growth by 44%. Such reduction of neointi�
mal growth was observed until the 3rd month of
follow�up.

In summary, these studies demonstrated the
feasibility of coating/loading drugs in biodegra�
dable stents with further actual inhibition of
neointimal growth.

Preclinical studies of polymeric 
stents for local gene delivery

Ye et al. (18,19) demonstrated a successful
transfer and expression of a nuclear�localized
β�Gal reporter gene in cells of the rabbit arterial
wall. They used a PLLA/polycaprolactone stent
impregnated with a recombinant adenovirus
containing β�Gal reporter gene.

Clinical studies with polymeric stents
Tamai et al. (20) were the first to report

immediate and 6�month results after implanting
the Igaki�Tamai polymeric stent in 15 patients.
A total of 25 stents were implanted. The Igaki�
Tamai stent was electively implanted in 19 im�
paired segments with 100% angiographic suc�
cess. The investigators conducted clinical and
angiographic follow�ups in 1 day, 3 months and
6 months. No stent thrombosis or pronounced
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cardiovascular complications and events were
observed within up to 30 days of follow�up. By
6 months, the rate of restenosis and subse�
quent revascularizations per lesion was 10.5%,
and the rate per patient was 6.75%. The index
of vascular lumen loss was 0.48 by 6 months,
which encouraged the investigators. This study
showed that the Igaki�Tamai stent is not associ�
ated with more pronounced neointimal growth
as compared with stainless steel stents. When
studying the vessel lumen with the help of
intravascular ultrasound (IVUS), the increase of
cross�sectional area from 7.42 mm2 at base�
line to 8.18 mm@2 at 3 months was observed.

Tsugi et al. (21) reported 1�year results
of elective Igaki�Tamai stent implantation into
63 impaired segments in 50 patients. No angio�
graphic and clinical complications were report�
ed during hospitalization. Quantitative coronary
analysis in 3, 6, and 12 months demonstrated
an average percent diameter stenosis of
12 ± 8%, 38 ± 23%, and 33 ± 23%, respective�
ly. The rate of significant restenosis was 21%
(12 out of 58 patients) at 6 months and 19%
(7 out of 36 patients) at 12 months. Repeat
revascularizations of target segment were per�
formed in 12% at 6 months and in 17% at
12 months. Up to 4�year follow�up demonstrat�
ed a long�term safety of this stent.

Preclinical and clinical studies 
with bioabsorbable metal stents

Metal bioabsorbable stents have a potential
comparable with stainless steel stents. Studies
of their efficacy and safety in animals and
humans are based exactly on this feature.
Magnesium is the main bioabsorbable compo�
nent of metal stents (Figure 2).

Magnesium is a rather attractive substance
which can be bioabsorbed in the body.
Heublein et al. (24) conducted a series of in
vitro and in vivo preclinical trials with magne�
sium stents. Their studies demonstrated a high
rate of complete stent degradation within
60–90 days since the moment of implantation
with significant preservation of the stent in the
vessel for 28 days. The stent had good biocom�
patibility with endothelial and muscle cells of the
vessel. When comparing magnesium alloy stent
with 316 L stainless steel stent in animals, posi�
tive vessel remodeling was observed for mag�
nesium stents, with a reduction of neointimal
growth and complete absorption of the stent
within an interval from 30 to 56 days (Fig. 3).

The first clinical study of magnesium stents
in patients was performed on peripheral ves�
sels which were severely impaired (Rutherford
Class IV and V), and the patients were candi�
dates for limb amputation. Stents were placed
in the popliteal arteries. Following predilatation,
all 3.0 × 15 and 3.5 × 15 mm stents were suc�
cessfully implanted with good angiographic
and clinical results. No cases of toxic reactions
to magnesium were observed. In 3 and 6 months
after implantation the patency of the vessel was
observed in 89% and 78%, respectively. All limbs
were salvaged until 3 months, however by 6
months and 1 year there were single amputa�
tions due to progression of atherosclerosis.
Duplex scanning showed complete absorption
of stents at 3 months after implantation.

Results of this study encouraged the investi�
gators regarding the prospects of using mag�
nesium stents in the coronary vasculature.
PROGRESS study was conducted at 7 Euro�
pean sites in 65 patients (25). IVUS demon�
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Fig. 2. Stages of elimination of magnesium stent from the vessel.
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strated complete absorption of implanted
stents in 4 months; however, the restenosis rate
was not that low.

Currently, there are ongoing research proj�
ects, which combine magnesium stents with
local delivery of the drugs preventing resteno�
sis. It turned out to be necessary, as relatively
fast (30–60 days) disappearance of the stent
from the vessel triggers subsequent inflamma�
tory reaction and neointimal proliferation.
Therefore, if the stents coated with antiprolifer�
ative agents slow or stop inflammation and
neointimal growth, then optimal results may be
achieved in coronary revascularization with
magnesium used as a platform.
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