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Interventional cardiology

Simultaneous Endovascular Coronary Angioplasty (Direct
Stenting of the Marginal Branch, Recanalization and
Stenting of “Chronic” Occlusion of the LAD) and Closure
of Secundum Atrial Septal Defect

D.G. losseliani', A.G. Koledinsky, E.Yu.Danilov, I.A. Kovalchuk, V.A. Kriukov, A.Zh. Abildinova, A.N.Rogatova,
I.G. Kibizova, A.V. Stepanov, A.V. Novachly, P.S. Vasiliev, V.S. Chekanov
Moscow City Center of Interventional Cardioangiology, Moscow, Russia

The authors present a clinical case of successful simultaneous endovascular myocardial revascularization for
stenotic and occlusive coronary lesion and closure of ASD secundum. The dilatation of the LAD and the OMB
with balloon catheter has been performed followed by DES implantation. During the second stage endovas-
cular closure of the ASD using Amplatzer occluder has been performed. 16 similar cases have been described
in the literature. The issue of reasonability of simultaneous performance of two independent endovascular
procedures remains open. The necessity of ASD closure is dictated by the possibility of serious complications,
such as ischemic stroke and migraine, in the presence of an open interatrial communication.

Keywords: ASD, coronary stenting, occluder, coronary artery disease.

Atrial septal defect comprises 5 to 15% of al con-
genital heartdefects (3). Inthe absence of radical cor-
rection 30% of patients with this pathology die within
the first 20 years of life (4). However the reasonability
of this defect correction in patients who survived this
age is not evident. In some patients the atrial septal
defect (ASD) does not produce a significant impact
on intracardiac hemodynamics (1), while in others
the ASD can lead to progressive volume overload
and right heart dilatation, development of arrhyth-
mias and persistent pulmonary hypertension (6).
Moreover, independently of the state of intracardiac
hemodynamics, in all patients with ASD pathological
interatrial communications can cause such serious
complications as migraine and ischemic stroke (13).
Also with the course of time such patients can devel-
op coronary artery disease (CAD). In case of AMI and
postinfarction cardiosclerosis the presence of patho-
logical blood stream within the heart chambers can
contribute to a more marked postinfarction remodel-
ing of the left ventricle, volume overload, right heart
dilatation and development of significant circulatory
insufficiency. If such patients develop clinical signs
of coronary artery disease, they should be examined
for the detection of coronary pathology, and if it is
revealed, a special treatment is mandatory. Thus, all
grown-up patients with ASD should be continuously
followed in order to receive timely medical care, in-
cluding endovascular and surgical treatment.

Moscow City Center of Interventional Cardioangi-
ology has an experience with simultaneous treatment
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of ASD and CAD in three patients. We describe one
clinical case of successful simultaneous endovascu-
lar myocardial revascularization for stenotic and oc-
clusive lesions of the coronary arteries and closure of
a secundum ASD.

The patient P, 72 years old, was admitted to
Moscow City Center of Interventional Cardioangiol-
ogy with the diagnosis: CAD; angina of effort class
[I; postinfarction cardiosclerosis; 3rd degree arterial
hypertension; circulatory insufficiency class |; con-
genital heart defect: secundum ASD; dysplasia of the
interatrial septum.

The analysis of medical history revealed a long-
standing arterial hypertension (max. to 200/110 mm
Hg). The patient did not follow a regular hypoten-
sive therapy. In 2004, without prior angina, he had a
Q-wave anterior myocardial infarction, and received
systemic thrombolysis with Alteplasa. Transesophageal
EchoCG and MRI performed on the same occasion re-
vealed for the first time a congenital heart defect — se-
cundum atrial septal defect (ASD) with volume overload
of the right heart. Endovascular ASD closure was sug-
gested, but the patient refused this procedure. After that
he started complaining of angina pain and heart rhythm
disturbances (extrasystoles) and had several hospital
stays. Selective coronary angiography performed in
2007 revealed an occlusion in the proximal segment of
the LAD and a stenaotic lesion in the marginal branch.
The patient refused special treatment and continued
conservative therapy. In October 2010 he applied to the
consultative and diagnostic department of Moscow City
Center of Interventional Cardioangiology complaining of
decreased physical tolerance, increased fatigue, dys-
pnea of effort and heart rhythm disturbances. Multihelix
computed tomography confirmed the diagnosis of an
oval-shaped ASD secundum located in the upper part
of the septum, measuring 1.07 x 1.25 cm and surround-
ed by an aplastic interatrial septum (IAS) with marked
aneurysmatic bulging into the right atrium (Fig. 1).

(Ne 26, 2011)
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Fig. 1. Axial heart section at the ASD level.
The arrow marks the defect

A pathological left to right shunt was seen an the level of
the middle segment of the IAS (assumed size >0.6 cm),
a moderate dilatation of heart chambers was noted:
LVEDD — 5.46 cm, RVEDD -4.86 cm, LAEDD — 6.94
cm, RAEDD — 5.81 cm.

After a necessary out-hospital examination the
patient was admitetd to the Center with the diagnosis:
CAD; postinfarction cardiosclerosis; angina of effort
and at rest; arterial hypertension; circulatory insuf-
ficiency class |; congenital heart defect: secundum
atrial septal defect (ASD). At admission the patient’s
condition was satisfactory, with skin and mucosa of
normal color and humidity. Pitting lower leg edema
was present. The chest at the heart area looked
normal, the borders of relative heart dulness were
enlarged to the right by 1 cm from the right para-

Fig. 2. Aneurysm of the IAS

sternal line at the level of the 3rd intercostal space.
A soft systolic murmur was heard, maximal in the 3rd
-4th right intercostal space. Heart rate — 84 b/min.,
blood pressure — 150/80 mm Hg.

ECG revealed sinus rhythm, 77 b/min. Transmural
scars were present at the anterolateral segment of
the left ventricle. 24-hour ECG monitoring revealed
mean heart rate of 62 beats per minute. Several
episodes of 1st degree AV block were registered. 428
isolated atrial extrasystoles were revealed. During the
monitoring no ischemic changes of ST segment were
registered. Transthoracic EchoCG revealed dilated
LV cavity: end-diastolic dimension (EDD) — 6,0 cm;
end-systolic dimension (ESD) — 4,8 cm. The thick-
ness of interventiricular septum (IVS) was 8 mm, of
left ventricular posterior wall — 9 mm. Left ventricular
ejection fraction was 41%. The disturbances of local
left ventricular contractility included apical akynesia,
marked hypokynesia of the apical and middle seg-
ments of the anterior wall and interventricular sep-
tum. A large aneurysm measuring up to 40 mm with
a central 9 mm defect resulting in the left-to-right
shunt was located in the IAS area. Transesophageal
EchoCG performed in order to precise the defect’s
details and determine its edges’ dimensions showed
a markedly dilated (up to 7,0 cm) right atrium with a
surface area of 32 cm2. The right ventricle was mod-
erately enlarged, RV EDD — 4,3 cm. Tricuspid regur-
gitation of the 2nd degree and moderate pulmonary
hypertension (mean pulmonary arterial pressure —

65 mm Hg) were also revealed. An IAS aneurysm
measuring 40 mm with a 20 mm bulging into the RA
cavity was seen. Marked bulging into the RA caused
a moderate obstruction to the blood flow. An ASD
measuring 9 x 6 mm, with left-to-right blood shunting
and a peak gradient of 21 mm Hg was located in the
superoanterior part of the aneurysm (Fig. 2).

Taking into account the history of myocardial
infarction, clinical presentation of angina, signifi-
cant size of atrial septal defect and the signs of
volume overload of the right heart, we decided to
perform endovascular ASD closure as
well as diagnostic left ventriculography
and selective coronary angiography.
Contrast left ventriculography (right
oblique view) showed LV EF — 49%,
moderate dilatation of LV cavity (EDV-
202 ml, ESV — 104 ml). Hypokynesia of
the anterolateral and apical segments of
the LV were revealed. Diagnostic coro-
nary angiography revealed left type of
coronary circulation, an occlusion of the
proximal segment of the LAD. There was
over 75% stenosis in the obtuse margin
branch (Fig. 3). The RCA was moderately
changed without significant stenosis.

On the base of CAG data (occlusion of
the LAD and >75% stenosis of the OMB)
multiple coronary angioplasty was per-
formed before ASD closure. The left coro-

Simultaneous Endovascular Coronary Angioplasty (Direct Stenting of the Marginal Branch, Recanalization
and Stenting of “Chronic” Occlusion of the LAD) and Closure of Ostium Secundum Atrial Septal Defect
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nary artery was catheterized with the guiding cath-
eter Mach 3.5 SH (Boston Scientific), mechanical
recanalization of the occluded LAD was performed
using hydrophyle Shinobi guidewire (Cordis). The
LAD was dilated using balloon catheter 1,5 x 20mm
(Cordis), and then stented with a DES Taxus express
3,0 x 20 mm (Boston Scientific) (Fig. 4 a,b). The stent
was completely deployed under 14 Atm. pressure.

After that we performed direct stenting of the OMB
using Promus Element stent 3,5 x 28 mm (Boston Sci-
entific) (Fig. 5 a,b) with good angiographic results.

At the second stage of the procedure endovas-
cular ASD closure was performed. The right femoral
vein was punctured under local anesthesia and a 6F
introducer was inserted. The catheterization of the
left upper lobe pulmonary vein was performed using
multipurpose 6F catheter. Then a 34-mm sizing bal-
loon was advanced using Amplatzer guide 0,035
x 260 cm and the defect size was determined. As
the defect’s edges were dysplastic, we have cho-
sen 33 mm Figula Flex occluder. The occluder was
placed under fluoroscopic guidance using generally
adopted technique. At first the left occluder branch
was deployed into the left atrium and the safety of
occluder fixation at the defect’s edges was checked
with recurrent tractions of the delivery system. Only
after that and after echocardiographic control of dis-
tal occluder branch position relative to the defect and
the valvular apparatus of the LV, the proximal branch
was deployed in the right atrium (Fig. 6).

Control transthoracic EchoCG revealed adequate
positioning of the occluder and complete deploy-
ment of both discs, there was no shunt through
the ASD. After the confirmation of secure occluder
fixation the delivery system was removed. In our
opinion, the process of this delivery system detach-

Fig. 3. Selective coronary angiogram of the left
coronary artery: the LAD cannot be visualized.
The middle segment of the OMB is stenotic (>75%)

ment — the removal of fittings’ block — is simple and
more convenient in comparison with the widely used
Amplatz ocluders. The hemostasis was achieved
using manual compression. We did not observe any
complications during and early after the procedure.
Control transthoracic EchoCG carried out in 4 days
after ASD closure confirmed good effect of the
procedure, the shunt through the defect was ab-
sent. In-hospital period was eventless and the patient
was discharged at day 6 in a satisfactory condition.
After the angioplasty the angina attacks stopped and
did not recur thereafter. There were no changes on
the ECG.

At the examination performed in one month the
patient did not present any complaint, his condi-
tion was satisfactory. The results of performed

Fig. 4. a) Stenting of the proximal segment of the LAD using Taxus express DES (3x20mm);

b) Immediate result of stenting
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Fig. 5. a) Stenting of the OMB using Promus Element stent (3.5x28mm);

b) Immediate results of OMB stenting

Fig. 6. Figula Flex ASD occluder (33 mm) is placed in
the defect

endovascular procedures were assessed using
control EchoCG as well as repeated MHCT, includ-
ing of the coronary arteries with opacification.
Transesophageal EchoCG showed the occluder
with the right atrial disc closely adjacent to the IAS.
The left atrial disc was fixed at the isthmus area, lo-
cated at a 6,5-7 mm distance from the septum and
separated from it by the aneurysmatic tissue. No
echo-signals suspicious for thrombi or vegetations
were located. No signs of residual shunt were seen
(Fig. 7).

MHCT of the heart showed the occluder with signs
of epithelization along its contours in the projection
of the middle third of the IAS. No signs of transseptal
shunt were revealed (Fig. 8). In the projection of the
proximal third of the LAD a stent without restenosis
signs was seen, the artery beyond the stent was
moderately changed without sites of significant ste-
nosis. The OMB and the RCA were without changes,
the stent in the OMB — without restenosis.

Thus, the patient underwent successful combined
procedure of ASD closure and multiple stenting of the
coronary arteries. The experience with such com-
bined procedures in adults, especially in elderly pa-
tients, is very small. While the number of such patients
in the world amounts to many thousands, only 16
similar procedures have been described (14, 15, 16).
Probably, the lack of clear indications inhibits wider
spreading of such procedures. The procedure of
coronary stenting does not raise any questions, as
this procedure became a usual, even routine method
for the treatment of CAD. The indications for it are
also well elaborated. However the correction of ASD,
especially in combination with angioplasty, is still
subject to many questions. They concern mainly two
moments: 1) the reasonability of congenital heart
defect correction in elderly; 2) the reasonability of
simultaneous performance of two independent en-
dovascular procedures.

The problem of correction of the congenital
heart disease — the ASD — in adults is still subject
to discussions and not fully elucidated. Formerly
it was usual to refrain from surgical intervention in
adults. On the one hand, this was due to relatively
high morbidity of surgical intervention with extra-
corporeal circulation, and on the other hand — to
the paucity of clinical manifestations of the disease

Simultaneous Endovascular Coronary Angioplasty (Direct Stenting of the Marginal Branch, Recanalization
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and the absence of clear indications
for surgery. Broad clinical introduction
of endovascular methods of closure
of pathological intracardiac commu-
nications, not requiring sternotomy
and extracorporeal circulation and as-
sociated with an extremely low trau-
matism and high effectiveness again
placed this problem in the agenda
(2,5,9,10,11,12). While determining
the tactics of treatment one should
remember that despite left-to-right
blood shunting within the heart — lead-
ing to: (a) diastolic overload of the RV
and the RA; (b) increase of pulmonary
blood flow sometimes by several times
over the systemic flow; (c) decrease of
blood input into the left heart and the
aorta, — significant changes of in-
tracardiac hemodynamics, including
marked pulmonary hypertension, can
become evident not immediately, but after a cer-
tain, sometimes a long time, for example, after 20
years and more. Hence, the absence of significant
changes of intracardiac hemodynamics at the mo-
ment of examination should not be considered as
a reason to refrain from ASD closure, as one has to
consider this problem at a long term. In particular,
this is true for the patients who already have some
signs of CAD or a history of Ml. This disease can en-
hance the appearance of significant disturbances
of intracardiac hemodynamics due to the progres-
sive LV failure. In adults this can be also influenced
by the detraining of functionally underloaded left
ventricle, the presence of arterial hypertension and
other acquired heart diseases. Associated LV fail-
ure in patients with ASD can result in the increase
of blood congestion in the right ventricular inflow
tract. The more pronounced is left ventricular dam-
age, the more significant will be these changes. In
particular, they can be enhanced in the presence of
postinfarction LV cardiosclerosis.

One also has to remember that the communica-
tion between the left and the right heart enhances
the probability of thromboembolic complications in
different organs, including the brain and the coronary
arteries. Hence, the closure of the defect contributes
to the decrease of the probability of thromboembolic
complications.

Finally, there are evidences of the role played by
ASD in the pathogenesis of migraine (13). The au-
thors from Utah have shown that 25% of patients with
ordinary migraine and 50% with migraine with aura
had ASD. Certainly, this problem necessitates further
investigation, however the presence of migraine in
patients with ASD should be considered as an ad-
ditional factor for positive solution of the problem of
endovascular ASD closure.

Thus, while solving the problem of the choice of
tactics of treatment in adults with ASD one has to

o |

Fig. 7. Control TE-EchoCG in 1 month after the procedure

Fig. 8. Axial heart section at the level of the ASD. The
arrow indicates the occluder

take into account the probability of association of
other cardiovascular conditions to this disease. With
the course of time these conditions can significantly
worsen the prognosis in such patients. For this rea-
son we consider reasonable to eliminate pathological
communication between the heart chambers being a
probable cause of heart failure.

As to the simultaneous performance of two endo-
vascular procedures in this contingent of patients, an
extremely low number of cases makes it difficult to
maintain pro or contra positions. Today we can only
confirm the feasibility of such concomitant proce-
dures without any serious complications (14,15,16).
Surely it is a positive moment for patients who can
avoid repeated emotional stress related to the pro-
cedure and repeated hospitalization. Also the overall
in-hospital stay is reduced (17). However in order to
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clarify this question we need to accumulate additional
experience and perform a meticulous analysis of the
obtained data.
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Results of Coronary Stenting using the Stents with
Biodegradable Polymer and Antiproliferative (Biolimus A9)

Coating

R.V. Zeynalov', D.A. Asadov, M.B. Matini, V.V. Mazurova., D.G. Gromov, O.V. Zakharova, A.G. Koledinsky,

D.G. losseliani.

Moscow City Center of Interventional Cardioangiology, Moscow, Russia

The study comprised two groups of patients with coronary artery disease. Then patients from Group 1 re-
ceived DES with biodegradable coating, and the patients from Group 2 — DES with permanent polymer coat-
ing. Baseline clinical, historic and angiographic characteristics were comparable in both groups. The rate of
restenosis in the mid-term follow up was similar in both groups. The rate of thrombosis was reliably lower in

the group of DES with biodegradable polymer coating.

Keywords: DES, stents with biodegradable polymer coating, Biomatrix stents.

Purpose of study: to determine the effective-
ness of the use of drug-eluting stents (DES) with
biodegradable polymer coating (Biomatrix) in com-
parison with DES with permanent polymer coating
(«Cypher») in patients with coronary artery disease
(CAD).

Material and methods: the study comprised 117
patients in whom a total of 235 stents have been im-
planted. The patients were divided into 2 groups. The
patients from Group 1 (n=51) received 110 Biomatrix
stents. The patients from Group 2 (n= 66) received
125 Cypher stents. The final purpose of the study
consisted in the comparison the rate of restenosis
and thrombosis of the above stents in the mid-term
follow-up.

Results: the rate of restenosis in the mid-term
was 2,72% in the group with Biomatrix stents and
3,2% — in the group with Cypher (p>0.05). The rate
of thrombosis in the studied groups was significantly
different — 0% and 3,2%, respectively (p< 0.05)

Conclusions: the effectiveness of the stents with
bidgradable polymer coating is comparable with the
effectiveness of the stents with permanent polymer
coating. At the same time the rate of thrombosis after
the implantation of Biomatrix stents is significantly
lower than with Cypher stents.

Introduction
Large-scale implementation of DES into the
clinical practice has allowed to improve the results of
stenting due to the reduction of the rate of resteno-
sis. The first clinical trials demonstrated significant
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advantages of first-generation stents in comparison
with balloon angioplasty and stenting with bare metal
stents. However after mass introduction of DES into
the practice, in particular, in multiple extended coro-
nary lesions as well as in the presence of several risk
factors, the increase of the rate of late restenoses and
thromboses became evident. One of the main causes
of these serious cardiac complications consist in the
presence of permanent (non-soluble) polymer stent
coating. The impact of this coating on the vascular
wall contributes to the development of stent resteno-
sis and thrombosis after the end of the drug action
(1,2,3).

The introduction of DES with biodegradable
(soluble) polymer coating represents an attempt to
eliminate this side effect, thus decreasing the rate
of unfavorable results of treatment. Such stents are
made of a steel frame and polylactic biodegradable
polymer coating impregnated with a medication —
Biolimus A9. Due to the abluminal coating as well as
to the polymer’s capacity to get degraded within 6-9
months with the formation of water and carbon diox-
ide, these stents decrease the rate of late restenosis
and thrombosis, thus contributing to full endotheliza-
tion of the inner surface (4).

Methods

In conformity with the purpose and the tasks we
present the data of examination and treatment of
patients with coronary artery disease (CAD) in the
Moscow City Center of Interventional Cardioangiol-
ogy during the period from 2008 to 2010.

The patients have been selected for the study on
the base of the following criteria:

— CAD diagnosed on the base of an extensive
clinical and instrumental examination;

— documented painless ischemia or stable angina
of effort assessed in conformity with ACC/AHA clas-
sification;

— primary, not restenotic character of coronary
arterial narrowing without the signs of fresh parietal
thrombi;

(Ne 26, 2011)



‘ Interventional cardiology ‘

— lesions allowing for coronary stenting;

— hemodynamically significant (> 60% of the di-
ameter) arterial lesion;

— diameter of the involved vascular segment
2,25 — 4 mm.

The trial comprised the patients with angina of
effort of class I-IV (AHA/ACC) and painless myocar-
dial ischemia, independently of the number of the
involved coronary arteries and the function of left
ventricular myocardium, with coronary lesions of
types A, Band C.

The patients with a history of balloon angioplasty
or stenting , with concomitant cardiovascular pathol-
ogy (aortic aneurysm, valvular diseases) requiring
surgical correction were excluded from the study.

The patients included in this study received only
Cypher or Biomatrix stents. Only one type of stents
could be implanted in each patient.

The study comprised 117 patients in whom a total
of 235 DES have been implanted. Depending on the
type of drug and polymer coating of the implanted
stents the patients have been divided into 2 groups.
Group 1 comprised 51 patients with Biomatrix stents
with biodegradable polymer and antiproliferative
coating — Biolimus A9. Group 2 (control) comprised
66 patients with Cypher stents with permanent poly-
mer and antiproliferative coating — Sirolimus.

Mean age of patients in Group 1 was 58 8,2
years, in Group 2 — 53 %6,7 years. 44 of 51 patients

in Group 1 (86,3%) were males. In Group 2 there
were 48 (72,7 %) males, i.e. male patients prevailed
in both groups.

The analysis of risk factors in Group 1 revealed
smoking in 18 patients (35,3%), family predisposition
to CAD — in 8 (15,7%), arterial hypertension — in 12
(23,5%), dislipidemia — in 15 (29,4%), obesity — in 3
(5,9%), diabetes mellitus — in 10 patients (19.6 %).
In Group 2 these risk factors were met in 22 (33,3 %),
11 (16,7 %), 13 (19,7%), 16 (24,4 %), 4 (6,1 %)
and 11 patients (16.7%), respectively (p>0,05)
(Table Ne 1).

The combination of 3 and more risk factors was
metin 11 (21,56 %) patients from Group 1 and in 15
(22,7 %) patients from Group 2 ( p>0,05).

Thus, the comparison of risk factors prevalence
in the studied groups (including smoking, family his-
tory and arterial hypertension) did not reveal any sig-
nificant difference. Neither was the rate of diabetes
mellitus statistically different. The Table Ne2 shows
patients’ distribution according to the forms of CAD.

7 patients from Group 1 (13,7%) and 7 patients
from Group 2 (9,0%) had a history of myocardial in-
farction, that is postinfarction cardiosclerosis (PICS)
(p<0,05).

In Group 1 painless ischemia was seen in 3 pa-
tients (5,9 %) and angina of effort — in 35 (67,7%).
Among them 5 patients (9,8 %) had heart failure
of functional class I, 13 (25,5%) — of class Il, 11

Table N2 1.
The prevalence of risk factors for CAD in the studied groups
. Group 1, n=51 Group 2, n=66
Risk factors abs. % abs. % P
Smoking 18 35.3 22 33.3 >0.05
Family history 8 15.7 11 16.7 >0.05
Arterial hypertension 12 23.5 13 19.7 >0.05
Dislipidemia 15 29.4 16 24.2 >0.05
Obesity 3 5.9 4 6.1 >0.05
Diabetes mellitus 10 19.6 11 16.7 >0.05
Table N2 2.
Patients’ distribution by the forms of CAD
Group 1, n=51 Group 2, n=66
Form of CAD abs. % abs. % P
Painless ischemia 3 5.9 5 7.6 >0.05
Angina of effort 36 70.6 48 2.7 >0.05
Unstable angina 6 11.8 8 12.1 >0.05
Myocardial infarction 7 13.7 5 7.6 >0.05
Non ST-elevation myocardial 1 2.0 2 3.0 >0.05
infarction
ST-elevation myocardial 6 11.8 3 4.5 <0.05
infarction
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(21,5 %) — of class lll and 7 (13,7 %) — of
functional class IV. Unstable angina was
seen in 6 (11,7%) patients. In Group 2
painless ischemia was observed in 5 pa-
tients (7,6%). In total, 48 patients in the

PIVB

RCA

control group (72,7%) were in heart fail- OMB
ure. Among them 9 (13,6 %) had heart
failure of functional class I, 20 (30,3%) — CxB
of class Il, 12 (18,2 %) — of class lll and 7 DB
(10,6%) — of functional class IV. That is,
both groups were highly homogenous by LAD

their functional class of angina, and statisti-
cal analysis did not reveal significant differ-
ences. A statistically significant difference
have been revealed among patients with
ST-elevation myocardial infarction (STEMI).
In Group 1 there were 7 patients admitted
with the diagnosis of MI. Among them 1
patient had non ST-elevation Ml and 6 had
STEML. In Group 2, Ml has been diagnosed at admis-
sion in 5 patients, 2 of them had non ST-elevation Mi
and 3 had STEMI.

The diagram Ne 1 shows the distribution of target
arteries in the groups.

groups

Statistical analysis

Statistical analysis of the quantitative data was
carried out with the use of non-parametric meth-
ods — Wilcoxon-Mann-Whitney criterion and Wil-
coxon signed-ranks test for matched pairs. If the
amount of data in the compared groups was under
30 and in at least in one group it was under 5, the
results have been compared using exact Fisher test
(8,9, 10).

Results

Early results. Final clinical success of the PCl as
well as final optimal angiographic results have been
obtained in 100 % of cases in both groups. In Group 1
(n=51) the complications occurred at different stag-
es of the stenting procedure in 4 patients. In 1 case
there was a dissection along the distal edge of the
stent requiring an additional stent implantation. In
another case the development of “no-reflow” phe-
nomenon inhibited the antegrade filling of the ves-
sel. «No-reflow» could be stopped by intracoronary
nitroglycerin. The implantation of an additional stent
was not necessary. Also 2 patients (3,92%) from this
group had a subcutaneous hematoma at the punc-
ture site, not requiring blood transfusion.

In Group 2 (n=66) the stenting-related complica-
tions developed in 3 patients. In one case the intimal
damage distal to the target lesion in the territory of
the stented artery, occurring during guidewire posi-
tioning, led to this artery thrombosis. After the ad-
ministration of Ilb/llla platelet receptors inhibitiors
the thrombus was lysed and an additional stent has
been implanted with good results (the MI did not
develop). One patient had a subcutaneous hema-
toma with the signs of post-hemorrhagic anemia (not

@ Group 2, n=66
O Group 1, n=51

0
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Diagram N@ 1. Involved (target) coronary arteries in the studied

requiring blood transfusion). Another patient had a
transient acute cerebrovascular accident, which was
completely stopped in the intensive care unit in 2
hours after the procedure.

There were no other complications, including
deaths, in the studied groups. The analysis of the im-
mediate results revealed the absence of significant
differences in the prevalence of complications be-
tween the groups (p>0,05) (table Ne3).

All patients were discharged in stable condi-
tion with the recommendations for further medical
therapy.

Mid-term results of endovascular treatment.

The duration of mid-term follow-up in the studied
groups was 8,4 1,4 months for Group 1and 8,1 1,7
months for Group 2. The fate of all patients included
into the study was known by the moment of control
examination. According to the existing protocols the
patients underwent exercise testing for the detec-
tion of eventual myocardial ischemia and coronary
angiography (95 patients). The data are presented in
Table Ne 4.

In the mid-term follow-up 51 patients (100%)
from Group 1 and 65 patients (98,48%) from Group
2 underwent clinical examination. The evaluation
of myocardial perfusion by the means of stress-
testing did not reveal clinical signs of angina in 47
patients (92,15%) from Group 1 and in 61 (93,8 %)
patients from Group 2. Clinical signs of angina with
confirmed myocardial ischemia has been notedin 4
(7,84%) patients from the Group 1 and in 3 (4,54%)
patients from the control group. All patients with
clinical signs of angina underwent coronary angi-
ography.

Control coronary angiography in the mid-term
follow-up has been performed in 42 patients (82 %)
from Group1, who received 94 stents (85,5%), and in
53 patients (80,3%) from Group 2, in whom 76 stents
(79,2%) had been implanted. The results of coronary
angiography allowed for the assessment of such pa-
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rameters as restenosis, thrombosis and progressing
of atherosclerotic process.

In-stent restenosis was determined as the lumen
loss > 50%, and also at 5 mm distal and proximal to
the stent

Restenosis was revealed in 2 patients from Group
1. In one case clinical picture of angina resumed
within 5 months, in another — within 7 months after
the discharge.

In Group 2 there were 4 patients with in-stent
restenosis. One of then had painless ischemia,
2 had angina of effort of functional class II. Clini-
cal signs of angina resumed at 5 and 6 months
after the discharge. The 4th patient with in-stent
restenosis had angina of the Ill functional class in
5 months after stenting. In all cases restenosis in-
volved only one stent. The frequency of restenosis
was not statistically different between the groups
(p>0.05).

The progressing of atherosclerotic process was
noted in 2 (3,92%) patients from Group 1. As their
lesions were hemodynamically significant, both of
them underwent coronary stent implantation. The
progressing of atherosclerotic process in 1 (1,5%)
patient from Group 2 also required coronary stent
implantation. The evaluation of atherosclerosis pro-
gression in the coronary arteries during the period

of follow-up did not reveal significant differences be-
tween the groups (p>0,05).

The frequency of stent thrombosis in the studied
groups was statistically different. In Group 1 there
were no cases of stent thrombosis during the whole
period of the follow-up. In group 2 (control) throm-
bosis was revealed in 4 stents (3,2%) of 3 patients
(4,54%) (Table Ne5).

One patient from Group 2 had a subacute throm-
bosis in the area of the implanted stent and developed
a Q-wave Ml at day 17 after stenting. The patient with
subacute thrombosis has been brought to the Cen-
ter of Interventional Cardioangiology and underwent
mechanical recanalization and balloon angioplasty in
the area of thrombotic stent (with good effect).

Both patients with late thromboses revealed in
the mid-term follow-up were from the control group.
Both of them were admitted in emergency. The first
patient was admitted at day 45 after stenting with the
diagnosis of a Q-wave MI. He underwent mechanical
recanalization, thrombextraction and balloon angio-
plasty of the stent. The second patients was admitted
in 8 months after the discharge with clinical picture of
unstable angina. He underwent mechanical recanali-
zation and balloon angioplasty in two stents.

The analysis of factors influencing the develop-
ment of restenoses and thromboses in stents did not

Table N23.
Immediate clinical and angiographic results of stenting in the studied groups
Group 1 Group 2 P

Successful procedure, n (%) 51 (100%) 66 (100%) >0.05
Vessel’s dissection, n (%) 1(1,96%) 1(1,5%) >0.05
Myocardial infarction, n (%) 0 0 >0.05
Cerebrovascular complications, n (%) — 1(1,5%) >0.05
Hematoma at the puncture site, n (%) 2 (3,92%) 1(1,5%) >0.05
Total number of patients with complications (%) 4 (7,84%) 3 (4,54%) >0.05
p>0,05 non-significant differences; n — number of patients

Table N2 4.

The number of patients examined in the mid-term follow-up
Group 1 Group 2 P
n=51 (100 %) | n=66 (100%)

Mid-term follow-up, months 8,414 8,2+1,7 >0.05
The patients with available information, n (%) 51 (100%) 66 (100 %) >0.05
Examined in the mid-term follow-up, n(%) 51 (100%) 65 (98,48%) >0.05
Control CAG in the mid-term follow-up, n (%) 42 (82 %) 53 (80,3%) >0.05

p>0,05 non-significant differences; n — number of patients
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reveal statistically reliable relation between any factor
and the development of these complications.

The analysis of the influence of the stent length
on the frequency of restenosis revealed statistically
significant differences in Group2: the implantation
of stents longer than 23 mm was related to higher
frequency of restenosis in comparison with shorter
stents (p<0.05).

The analysis of the influence of the stent diameter
on the frequency of restenosis did not reveal any sig-
nificant inter-, or intragroup differences. Small diam-
eter of stent had no statistically reliable impact on the
frequency of restenosis (p>0.05).

The study of the influence of stent’s diameter and
length on the development of late stent thrombosis
has shown that in all three cases of stent thrombosis
in the control group the diameter of endoprosthesis
was < 2,75 mm, while its length was > 18 mm .

After stenting all patients received double an-
tiplatelet therapy. The Table Ne 6 shows different
regimens of antiplatelet therapy in the mid-term
follow-up.

The Table shows that the number of patients re-
ceiving double atniplatelet therapy in the mid-term
follow-up was not statistically significant between the
studied groups. A patient from Group 2 with subacute
stent thrombosis received Plavix (75 mg/day) by the
moment of thrombus formation. One of two patients
with late thrombosis has stopped to take Plavix in 4
months after the implantation of Cypher. Another pa-
tient received Plavix (75 mg/day) by the moment of
late stent thrombosis development.

Thus, the comparison of the results revealed that
in the mid-term follow-up the rate of restenosis was

somewhat higher in the group of stents with perma-
nent polymer coating. However this difference be-
tween the groups was statistically insignificant.

The analysis of the obtained results did not reveal
any correlation between the rates of restenosis, pro-
gressing of atherosclerotic process and any clinical
risk factor in the studied groups.

The analysis of the influence of the stent’s diam-
eter and length has shown that in Group 2 patients
the rate of thrombosis was significantly higher in the
presence of stents longer than 18 mm in comparison
with Group1.

Total rate of thrombosis was statistically different
between the groups (p<0,05). In Group 1 it was 0%,
while in Group 2 — 3.2%. (p<0,05). The analysis of
the obtained data revealed a correlation between the
stent’s dimensions and the rate of late thrombosis.
Statistical analysis has shown that the probability of
thrombus formation in Group 2 increased with the
implantation of stents with diameter < 2.75 mm and
length > 18 mm.

Discussion

The introduction of drug-eluting stents with bio-
degradable polymer coating into the practice has
opened new possibilities of influencing the rate of
stent restenosis and thrombosis. Herewith, due to
drug-eluting coating these stents decrease the rate
of restenosis, and their dissolving polymer coating
contribute to the decrease of the rate of stent throm-
bosis.

The LEADERS trial comprised the patients with
Biomatrix and Cypher stents. According to this trial’s
data, the rate of MACE in the mid-term follow-up

Table N25.
Analysis of the frequency of stent thrombosis in two groups
. Group 1, n=110 Group 2,
Type of thrombosis (100%) n=125 (100%) P
Acute — — —
Subacute — 1(0.8%) >0.05
Late — 3 (2,4%) <0.05
Thromboses, in total — 4 (3,2%) <0.05
p>0,05 non-significant differences; n — number of stents
Table N2 6.
Antiplatelet therapy in the studied groups in different periods of follow-up
Antiplatelet Up to 3 months 3 — 6 months 6 — 9 months > 9 months
regimen
Gr.1 | Gr2 P Gr.1| Gr2 P Gr.1 | Gr2 p Gr.1|Gr2 p
Plavix + Aspirin 51 66 p>0,05 | 49 63 | p>0,05 | 45 57 | p>0,05 | 38 49 p>0,05
Only Plavix — — — — — — — — —
Only Aspirin — — 2 3 p>0,05 4 6 p>0,05 | 10 13 p>0,05
No antiplatelet — — — — — 2 3 p>0,05 3 4 p>0,05
therapy
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(9 months) was 9,2% and 10,5%, respectively. Here-
with the indices of cardiac death (1,6% vs. 2,5%),
Mi (5,7% vs.4,6%), target vessel revascularization (
4.4% vs.5.5% ), in-stent stenosis (20,9% vs.23,3%)
were lower in the group with Biomatrix stents (5,6).
The comparison of these data with our results reveals
some divergences. Probably, the main cause of these
divergences is a more complex contingent of patients
included in the LEADERS trial. The rate of extended
stenoses, as well as of small coronary arteries in this
trial was higher (6). However, despite higher indices
of restenosis in the trial, they are lower than in the
group with Cypher stents, which was also confirmed
by our study.

The thrombosis of the stented coronary arteries is
still the main cause of cardiac complications, includ-
ing cardiac death. Recent long-term trials conducted
in large populations of patients have revealed the
problem of late thrombosis, primarily related to the
delay of vessel healing and to the inflammatory reac-
tion of its wall to the polymer coating of DES.

Awata M. et al. (7) have evaluated the endotheli-
zation of stents with biodegradable and permanent
coating using angioscopy. The coating of the stent’s
struts was evaluated with a special score, where 0
corresponded to a visible strut, and 3 — to a com-
pletely endothelized strut. After 9 months the surface
of stents with biodegradable coating was more ho-
mogenous in comparison with the stents with perma-
nent coating. (80% vs. 56% p = 0.035).

Conclusion

Optimalimmediate angiographic results of PCland
absence of recurrent angina at in-hospital stage are
seen in the vast majority of patients after the implan-
tation of stents with biodegradable (Biolimus A9), as
well as with permanent polymer coating (Sirolimus).
The rate of restenosis in the mid-term follow-up in
both groups was not statistically different. However
the rate of stent thrombosis in the mid-term follow-
up was significantly lower in the group of stents with
biodegradable polymer coating in comparison
with the stents with permanent coating. Also, in the
group of stents with biodegradable polymer coating
we did not reveal factors influencing the results of
stenting in the mid-term, while the use of stents with

diameter < 2,75 mm and length > 18 mm was a risk
factor fo thrombosis in the group of stents with per-
manent coating.
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Comparative Effectiveness of Conservative and Invasive
Treatment of Myocardial Infarction in Elderly and Old

Patients

A.B. Shames’, V.A. lvanov

A.A. Vishnevsky 3rd Central Military Clinical Hospital, Krasnogorsk, Russia

Old age is one of the most important factors influencing the outcome of myocardial infarction (Ml). According
to several studies, over 50% of MI-related deaths occur in patients over 75 years old. The authors performed a
comparative analysis of the effectiveness of conservative and invasive treatment in 656 patients with Ml aged
from 60 to > 90 years. It was found that emergency invasive tactics is a method of choice for the treatment of
Ml in high-risk patients, the majority of whom are elderly and old patients.

Keywords: myocardial infarction, elderly and old patients, invasive tactics.

Introduction

The 20th century has been marked by demograph-
ic aging of population in the industrial countries —
the redistribution of age structure of population with
the increase of the share of elderly and old people.
According to the prognoses made by American re-
searchers, by 2025 there will by over 1 billion of peo-
ple over 60 in the world population (1). The increase
of the number of older age groups is a challenge for
modern medicine. It is related to the particularities
of elderly and old age (involutional changes in the
organism, polymorbidity, atypical course of the dis-
eases, changes in social and psychological status),
as such patients, as a rule, are at high risk of death.
For this reason the choice of the method of treat-
ment should be made with caution and based on the
“risk / benefit” ratio.

Elderly and old age of patients is one of the most
important risk factors influencing the outcome in
myocardial infarction (MI). According to several au-
thors, over 50% of death from MI occur in patients
over 75 years old (1-3).

Purpose of study
To compare the effectiveness of conservative and
invasive treatment of Ml in elderly and old age.

Material and methods

We have compared the effectiveness of conserva-
tive and invasive treatment in 656 patients with MI.
The patients have been assigned to age groups in
accordance with the classification of the periods of
aging and old age of the European regional bureau
of the World Health Organization (WHO) (4). At first
admission clinical characteristics of patients with Ml
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have been determined with the use of the classifica-
tion suggested by the All-Union Cardiological Sci-
entific Center of the Academy of Medical Sciences
of the USSR (1984), developed on the base of WHO
expert guidelines (5).

370 patients were aged from 60 to 74 years, 284 —
from 75 to 89 years, and there were 2 patients aged
90 and more. Non ST-elevation MI (nSTEMI) was di-
agnosed in 344 patients, while 312 had ST-elevation
MI(STEMI). In 48,6% of cases Mlinvolved the anterior
left ventricular wall, in 43,5% — the inferior/poste-
rior wall, in 7,9% of cases it had another localization.
Primary Ml was diagnosed in 449 (68,4%) patients:
NSTEMI in 203 (30,9%), and STEMI in 246 (37,5%).
207 patients (31,6%) had repeated MI: nSTEMI in
141 (21,5%), and STEMIin 66 (10,1%). 16% of all pa-
tients were women. Comorbidities included: arterial
hypertension in 73,8% of patients, diabetes mellitus
in 20%, signs of chronic heart failure in 49,6%, signs
of chronic renal failure in 3,1%; 6,7% of patients had
a history of surgical myocardial revascularization.

Conservative treatment in conformity with na-
tional and international guidelines for the treatment
of MI (6-9) was applied in 530 cases. 48,3% of pa-
tients were in the elderly age group (60-74 years),
51,7% — in the old age group (75-89 years). Primary
Ml was diagnosed in 369 patients (166 — nSTEMI,
203 — STEMI), repeated Ml — in 161 patients (113 —
NSTEMI, 48 — STEMI).

Invasive treatment (coronary angioplasty with
stenting) was applied in 126 cases — among them
91% from the elderly and 9% from the old age group.
Among these patients 65 had nSTEMI and 61 had
STEMI. Primary Ml was diagnosed in 80 (63,5%)
patients: nSTEMI — 29,4%, STEMI — 34,1%; re-
peated Ml —in 46 (36,5%): nSTEMI -22,2%, STEMI-
14,3%. Coronary angiography revealed significant
(>79%) single vessel disease in 19,5% of patients,
two-vessel disease in 32,5%, three-vessel disease —
in 43,9% of patients; isolated lesion of the left main
coronary artery was found in 4,1% of patients. In
41% of cases occlusive and stenotic lesions involved
the LAD, in 31,4% — the right CA, in 26,8% — the
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circumflex artery. In the presence of the occlusion of
the infarct-related artery (IRA) we have performed
mechanical recanalization with a guidewire with sub-
sequent predilatation of the occluded area and stent-
ing of the residual stenosis. In cases of subtotal ste-
nosis of the IRA also the predilatation of the involved
area and stenting of the residual stenosis were per-
formed. Direct stenting of the IRA was performed in
cases of 70-90% stenosis. In 78% of cases we have
used bare metal stents «Tsunami Gold» (“Terumo”,
Japan), «Multi-Link Vision» (“Abbot Vascular”, USA),
in 22% — drug-eluting stents: «Cypher» (‘Johnson &
Johnson”, USA), «Xience V» (“Abbot Vascular”, USA),
«Taxus» (“Boston Scientific”, USA). Not later than 6
hours before coronary angioplasty or no later than 2
hours before the intervention the patients received
oral Plavix (“Sanofi-Synthelabo”, France) — 300 mg
or 600 mg, respectively. Patients who previously were
on Aspirin, received 500 mg, and those who did not
intake it — 250 mg of oral Aspirin (“Bayer”, Germany)
not later than 2-6 hours prior to the intervention.
At the beginning of coronary angioplasty the patients
received an intraarterial bolus of non-fractionated
heparin (NFH) (70-100 MU/kg) with subsequent
administration of additional dose of NFH to keep
the activated clotting time (ACT) within the limits
of 250-300 sec. An inhibitor of glycoprotein llb/
llla platelet receptors “Monafram” (Framon, Rus-
sia) was used during coronary angioplasty in 19,5%
of cases. The dosage was calculated at the rate of
0,25 mg per 1 kg of body weight, and the medica-
tion was administered as intravenous bolus 10 —
30 minutes prior to the intervention on the coronary
arteries. The NFH was administered before the start
of coronary angioplasty as an intraarterial bolus
(5000 U) and during the whole intervention the ACT
was kept within the limits of 200-300 sec. After the
intervention the patients received subcutaneously

average doses of low-molecular heparin: enoxapa-
rine sodium — «Klexan» (“Sanofi-Aventis”, France)
or nadroparin calcium — «Fraxiparine» (Glaxo Well-
come Production”, USA) for 24 hours; after that the
patients received the recommendations to continue
oral Aspirin (100 mg) and Clopidogrel (75 mg) daily
for 12 months.

Statistical analysis of variance was performed
with the use of STATGRAPHICS software (Statisti-
cal Graphics System; Version: 2.6; Serial Number:
710240) on IBM/AT. The significance of difference
of the studied parameters was assessed using Stu-
dent test. P<0,05 was considered as statistically
significant.

Results and discussion

Comparative characteristics of hospital mortality as-
sociated with conservative and invasive treatment of Ml
in elderly and old patients are presented in Table 1.

Of 530 patients receiving conservative therapy, 115
(21,7%) died during in-hospital stay. Herewith the mor-
tality among elderly patients was 19,9%, and among
old patients— 23,4%. Primary Ml was associated with
15,4% mortality, repeated MI — with 36% mortality.

In the group of patients (n=126), who underwent
coronary angioplasty with stenting, the mortality rate
was 1,6% (2 patients). Both patients were elderly
(1,7%), there were no deaths in the old age group.
There were 10 (7,9%) complications related to endo-
vascular intervention on the coronary arteries. Intra-
operative Ml developed in 1,6% of cases, bleeding
from the access artery — in 6,5%, including 2 cases
(1,6%) with mild anemia not requiring replacement
transfusion.

Conclusions

1. Emergency invasive tactics of the treatment of
myocardial infarction, contributing to the restoration

Table 1.

Comparative characteristics of hospital mortality associated with conservative and invasive
treatment of myocardial infarction in elderly and old patients

Mortality distribution by the forms of Mi Mortality in age aroups
Pati , | Number of Abs. (%) y ge group
atients .
patients
age (years)
(abs.) nSTEMI nSTEMI STEMI STEMI
. abs. %
primary repeated promary repeated
CONSERVATIVE THERAPY
60 -74 256 8 (3,1) 23 (9) 15(5,8) 5(1,9) 51 19,9
75 -89 272 9(3,3) 15(5,5) 25(9,2) 15(5,5) 64 23,4
90 > 2 — — — —
CORONARY ANGIOPLASTY WITH STENTING
60 -74 115 — — — 2(1,7) 2 1,7
75 -89 11 — — — — — —
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of the infarct-related coronary artery, is the method
of choice for high-risk patients, including the majority
of elderly and old patients. The mortality associated
with percutaneous coronary interventions is 13,5 fold
lower than with conservative therapy (p<0,001).

2. The expansion of the network of the depart-
ments of endovascular diagnostics and treatment will
allow to significantly decrease mortality from myo-
cardial infarction in the population with this pathology
in whole, including among elderly and old patients.
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A.G. Koledinsky.
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Endovascular methods of diagnostics and treat-
ment have emerged already in mid-20th century, but
only by the end of this century they rose to promi-
nence in modern cardioangiology. With the advent of
interventional methods of myocardial revasculariza-
tion the possibilities of treatment of different forms of
coronary artery disease were significantly extended
(1). The development and the perfection of endovas-
cular techniques allowed to replace one method of
treatment by another due to the extension of indica-
tions for non-surgical treatment. From 1991 through
2001, the amount of interventional procedures for
coronary artery disease in the USA has increased by
7 times, while of direct surgical interventions — by
only 1,5 times(2).

Andreas R. Gruentzig can be named pioneer of an-
gioplasty. In 1974 he was the first to invent a polymer
balloon catheter with a fixed inflated diameter, and
already by mid-1977 he has performed to first suc-
cessful transluminal balloon angioplasty of a human
coronary artery (3).

With the accumulation of experience, during the
last decades, certain disadvantages of balloon an-
gioplasty have been revealed. These disadvantages
significantly influence the clinical course of the un-
derlying disease.

In the last decade of the 20th century the leading
place among all endovascular interventions on the
coronary arteries went to coronary stenting.

The first implantation of an intracoronary stent in
man was described by Sigwart et al. in 1987 (4). The
use of high pressure during stentimplantation in com-
bination with antithrombotic pharmacological support
has contributed to adequate blood flow restoration
in the coronary arteries. Herewith the procedure of
stenting was associated with low complication rate.
Initially stenting was applied in cases with threatening
coronary artery occlusion during transluminal balloon
angioplasty (5). According to Garas S.M. et al. (6), the
use of intracoronary stenting significantly decreased
the rate of restenosis — from 50% to 20-30% —
in comparison with balloon angioplasty. However it
did not completely solve the problem of restenosis.
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Stent insertion has provided a high rate of immediate
success and has allowed to avoid some serious com-
plications proper to PTCA: marked dissections, acute
coronary occlusions (7, 8, 9, 10). But the main ad-
vantage of stenting in comparison with balloon angio-
plasty consisted in a significant reduction of the rate
of restenosis — recurrent narrowing of the lumen of a
vessel previously subjected to angioplasty (11, 12).
The reduction of restenosis rate by 10-15% after
stenting as compared with balloon angioplasty was
firstly proved in 1993-1994 in the STRESS (13) and
BENESTENT (7) trials, that investigated the results of
coronary stenting and balloon angioplasty. The trials
have demonstrated an improvement of the results
after stenting in comparison with balloon angioplasty.
The authors concluded that after the procedure the
diameter of a stented vessel was increased in a far
greater degree than after PTCA, and in the long-term
the stented coronary arteries preserved a bigger in-
ternal lumen; herewith the extension of their angio-
graphic restenosis was decreased (31,6% vs. 42,1%,
p=0,046 in the work of Fishman D., et al., and 26%
p=0,02 — in the work of Serruys P. et al) (7, 13, 14).

Similar results were obtained by Rodriguez A. et
al. (15), Versacci F. et al. (16) and Antoniocci D. et
al. (17). The authors have demonstrated a decrease
of the rate of late restenosis in the stented group,
which, in its turn has contributed to a significant
reduction of the need of repeated endovascular
interventions (15, 16, 17).

Today coronary stenting is the most frequently
used method of heart revascularization. However the
damage of vascular endothelium and subsequent hy-
perplasia of the neointima developing mainly within
the first 6 months after stent insertion often causes
in-stent restenosis (18,19). According to most au-
thors, a restenosis is considered hemodynamically
significant if the vessel lumen in the site of dilatation is
reduced by > 50% of the reference diameter or 75%
of its surface area (20, 21, 22, 23).

In 1999, late in-stent stenosis was revealed in over
250.000 stented patients. For this reason worldwide
trials are being conducted with the aim to study the
causes of in-stent stenosis, the possibilities of its pre-
vention and the development of an optimal tactics of
treatment for the improvement of clinical prognosis
(24, 25). The mechanism of restenosis is well known:
it occurs due to a multitude of factors, such elastic
recoil of the vessels, thrombosis, neointimal hyper-
plasia and negative remodeling of the vessels (26).
Elastic recoil is caused to natural elastic properties of
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the blood vessels, manifested as aresponse to dilata-
tion. It occurs immediately after percutaneous trans-
luminal coronary angioplasty (PTCA). Thrombosis is
a consequence of endothelial damage, rupture of the
intima and damage of the middle layer of a vessel.
These damages lead to the accumulation of platelets
and the formation of a thrombus. The accumulated
platelets represent a source of attractants and mi-
togens for smooth muscle cells (SMC). Besides,
platelet-derived growth factor (PDGF), released by
endothelial cells and macrophages, is considered
as the main factor contributing to SMC migration. In-
flammation plays an important role in restenosis, as
leucocytes are found in the site of vascular damage
early and in great amount (26). According to Hofma
H. S., et al. (27), inflammation process plays a more
important role in the healing of arterial wall after
stenting, which can be explained by the presence of
a foreign body (stent) in the arterial lumen (28). An
important role is also played by neointimal hyperpla-
sia. Inthe involved vessel, the SMC enter into the pro-
liferation phase and move to the intima through the
damaged internal elastic membrane. An important
place in this process belongs to metalloproteinases.
They continue to divide and to synthesize the extra-
cellular matrix (ECM), which, In the end, forms the
volume of restenotic lesion. The components of ECM
— hyaluronan, fibronectin, osteopontin and vitronec-
tin — also contribute to SMC migration. Moreover,
the reorganization of ECM, as well as its replacement
with collagen can lead to the contraction of the vas-
cular wall. The adventitial myofibroblasts, playing an
important role in intima supply with proliferative cell
elements in restenosis, also divide and migrate in
the neointima. The adventitial cells also participate
in the process of vessel remodeling, as myofibro-
blasts are able to synthesize collagen and lead to
tissue contraction (26). Rogers and Edelman (29),
Edelman and Rogers (30) have demonstrated that
the damage and, as a consequence, the interrup-
tion of the integrity of the internal elastic membrane
is of key importance for intimal hyperplasia during
the development of in-stent stenosis. During stent
implantation, after primary balloon-induced injury
of the vascular wall with the rupture of internal elas-
tic membrane, one assists at an intensive prolifera-
tion of the intima. Its degree is proportional to the
depth of stent insertion. Thus, it has been shown,
that the hyperplasia of the intimal layer represents
a response to an external impact (lumen dilatation
with an inflated balloon and stent insertion) and is
proportional to the degree of mechanical damage of
the vascular wall’s structures (29, 30). The feasibil-
ity of using stents as a reinforcing device became
evident after experimental and clinical confirmation
of an important role of early elastic recoil and nega-
tive remodeling of the vessels in the development
of restenosis (31). Intravascular ultrasound (IVUS)
allowed to understand that the late lumen loss and
restenosis after PTCA are due not so much to intimal

hyperplasia, as to negative remodeling of the vessel.
Catala (32) has experimentally shown that the design
and the material of stent produce a significant on the
probability of restenosis development. An ideal stent
design should maximally limit smoot muscle cells
migration to the surface of the intima (32). Similarly,
Topaz and Vetrovek (28) came to the conclusion that
more dense, uniform reinforcement of the arterial
lumen contributes to more effective prevention of
neointimal growth.

Today two different tactics are being used for the
fight against restenosis — it can be treated or pre-
vented. The therapeutic tactics is based on the use of
mechanical methods, while the prevention of in-stent
stenosis formation is effectuated through the use of
pharmacological agents and new technologies of
stenting (including the use of new stents with antip-
roliferative properties) (33).

A drug-eluting stent (DES) usually contains a
metal base, a polymer layer with a drug absorbed
into or mixed with this layer, sometimes — a protec-
tive polymer layer preventing early drug washing out,
and the drug, as such.

The pharmacological agent must be able to inhibit
maximal amount of different components participat-
ing in complex process of restenosis (34, 35). All
know anti-inflammatory and histochemical agents,
immunomodulators, some antibiotics, as well as the
medications used in oncology for the decrease of
the intensity of cellular division in tumors, have been
tested (36). The biggest effect was obtained with only
two agents — Rapamycin (trade mark — Sirolimus)
and Paclitaxel (trade mark — Taxol) (37, 38).

By its chemical composition, Rapamycin belongs
to natural macrocyclic lactons and is a waste prod-
uct of Streptomyces hydroscopicus bacteria. By its
pharmacological properties Rapanycin is a cytostatic
agent — immunosuppressor (39). Its action is based
on the binding of cytozolic receptor FRBP 12, block-
ing of TOR enzyme, regulation of p27 level and decel-
eration of retinoblastoma protein phosphoration with
the block of cell cycle development at G1-S transition
(39). In vitro studies have demonstrated that Rapa-
mycin can suppress the division and the migration of
the SMC, and experimental models have proved its
capacity to reduce neointima formation in the area of
vascular wall damage (40, 41, 42).

Paclitaxel is an alkaloid derived from Taxus brevi-
folia, a well-known antitumoral agent producing a
powerful antiproliferative effect. The combination of
Paclitaxel and tubulin leads to cell blocking and divi-
sion in the phases GO/G1 G2/M of the cellular cycle
(43, 44). In vitro and animal studies have demon-
strated the capacity of Paclitaxel to decelerate SMC
division and migration, to prevent neointima forma-
tion after catheter angioplasty (45, 46). An active
substance-containing polymer layer should possess
an absolute biocompatibility, perform mechanical
functions as well as provide necessary drug con-
centration. It means, that besides being non-toxic,
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it should follow the changes of geometrical configu-
ration during stent deployment and be resistant to
mechanical influences caused by balloon inflation.
Besides, local drug release must be maximally effec-
tive. The speed of drug release and its concentration
in the due site should be predictable and controllable
(41, 47). The first drug-eluting stents (DES) had been
coated with a cytostatic agent only. Currently used
DES possess a new important component — an ad-
ditional coating made of biocompatible polymer. In
the absence of polymer up to 40% of the drug is lost
through the mechanical and chemical processes be-
fore stentimplantation, and complete wash-out of the
drug occurs before the occurrence of the expected
restenosis; for this reason controlled endothelization
does not occur and the rate of early thromboses in-
creases (48). Biodegradable polymers are the most

recent innovations in this field. Contacting with the
biological environment of the living organism, these
polymers can dissolve without changing their mo-
lecular mass, or get biodestructed under the impact
of the following mechanisms: hydrolysis with the
formation of oligomeric and monomeric products,
enzymatic hydrolysis and cytophagous destruction
(organism’s protective cellular response) (49, 50). In
first trials the stents with polymer coating did not only
decrease proliferation, but even enhanced it due to
their toxicity (51). Newer phosphoryl choline-based
polymer coatings have demonstrated better biocom-
patibility and reduced the rate of DES thromboses
(52), which allowed to consider these coatings as
a transport mean for local delivery of drugs aimed
to dosed release into the stented vascular wall area
(53). Due to polymer coating, the drug is released in

Table 1.
Comparative charateritics of drug-eluting stents
Manufacturer B_o stqq Cordis Abbot Biosensors Medtronic
Scientific
Article Taxus Liberte Cypher Select | Xience V. BioMatrix Endeavor
Resolute
Platform Taxus Express Bx Sonic Multi Link Vision |S-stent Driver

Stent material

Stainless steel

Stainless steel

Cobalt-chromi-
um

Stainless steel

Cobalt-chromi-
um

coating, um

Primary coating |No Parylene c No Parylene c Het
Third layer No Polybutyl meth- |No No Polivinil pirrolidi-
acrylate none
Polymer Polyvinylidine Poly ethylene Polyvinylidine Polylactic acid Biolinx three-
fluoride co-vinyl fluoride (PLA) layer coating:
hexa fluropropy- |Acetate hexa fluropropy- upper layer —
lyene lyene hy(lj_r(_)p_rll_lc
: . polivinil pirro-
(PVDF-HFP) (PVDF-HFP) lidinone. middle
layer— hydro-
phobic hexil
methacrylate,
hedrophilic venyl
pirrolidinone
and venyl ac-
etate- medicinal
diffuse barrier;
hydrophobic
butyl methacry-
late- drug carrier
Dissolving No No No Yes, up to 6-9 No
polymer, term months
Hydrophile No No No Yes Yes/no
coating
Type of coating |Coated from all |Coated fromall |Coated fromall |Applied at the Coated from all
sides (including |sides (including |sides (including |surface facing sides (including
the surface fac- |the surface fac- |the surface fac- |the arterial wall |the surface fac-
ing the arterial ing the arterial ing the arterial ing the arterial
lumen) lumen) lumen) lumen)
Agent Paclitaxel Sirolimus Everolimus Biolimus A9 Zotarolimus
ABT-578
Dose, ug/mm? |1 140 100 15,6 10
Thickness of 17,8 13,7 7,8 11 4.8
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a homogenously dosed concentration and during a
pre-determined period of time corresponding to the
phases of vessel’s healing (41). The system of drug
delivery preserves its properties after sterilization,
is able to change its geometrical form and volume
following stent implantation and deployment and
is resistant to mechanical influence caused by bal-
loon inflation (52). The first prospective double blind
multi-center trial (RAVEL) compared the results of
angioplasty with Sirolimus-eluting stents and with
bare metal stents (Bx Velocity) in 238 randomized
patients with primary coronary lesions. At six months
the rate of restenoses in the Sirolimus group was 0%
vs. 26,6% in the control group. According to angiog-
raphy data, late decrease of arterial lumen (so-called
late lumenloss), as well as the number of MACE in the
Sirolimus group were significantly lower (54). SIRIUS
trial was the largest-scale study of Sirolimus-eluting
stents. It was conducted in 53 centers throughout the
USA and comprised 1101 randomly selected patients
with primary coronary lesions. The patients received
Sirolimus-eluting stents and bare metal stents. Final
results of the trial have demonstrated a significant
decrease of the rate of restenoses, late lumen loss
and necessity of repeated revascularization in the
Sirolimus group (55). Primary results of the use of
Sirolimus-eluting stents for the treatment of in-stent
stenosis are equally encouraging. A non-randomized
study has shown the rate of restenosis below 10%.
In comparison with the standard coronary stent, a
Sirolimus-eluting stent offers better perspectives
for the prevention of proliferation of the neointima,
of restenosis and restenosis-related unfavorable
clinical events (26). At present there are many various
drug-eluting stents. Antiproliferative agents used in
most available stents are Rapamycin and Paclitaxel.
All stents without distinction are balloon-deployable,
processed with polymer coating containing a cyto-
static agent. The analogues of Rapamycin available
at the present time include: Everolimus (stent Xience
V, Abbot), Zotarolimus (stent Endeavor, Medtronic),
Sirolimus (stent Cypher select, Cordis), Biolimus-A9
(stent Biomatrix, Biosensors). These agents are used
in the coatings of second-generation stents. Com-
parative characteristics of the most widely used DES
are presented in Table 1.

While the use of stents for PCl can be compared to
a breakthrough resulting in a significant decrease of
the rate of restenosis (20), the advent of stents with
drug-eluting coating became a true revolution in the
treatment of the coronary artery disease (56).

The stent Xience V (Abbott Vascular, USA), is one
of the best second-generation stents. The safety and
the effectiveness of Xience V have been statistically
confirmed in numerous clinical trials comparing this
stent with bare metal stents as well as with other
second-generation stents.

Here is a brief summary of these trials

1. SPIRIT I. A 6-months (5 years) follow-up of 60
patients in comparison with a bare metal stent (Multi

Link Vision) revealed that the rate of MACE, including
death, myocardial infarction, emergency and elective
CABG was 7,14% for Xience V, and 18,75% for Multi
Link Vision (57, 58, 59).

2. SPIRIT II. The data of a clinical trial conducted
in a group of 300 patients and comparing the Xience
V stent with Paclitaxel-eluting stent Taxus Express2 /
Taxus Liberte, have been presented by P. Serruys at
58th Annual session of the American College of Car-
diology (ACC-2009). The rate of MACE at 6 months
was 2,7% for Xience V vs. 6,5% for Taxus; at 2 years—
6,6% and 11,0%, respectively. (60).

3. SPIRIT lll. (the results have been presented at
PCR-2008 in Barcelona, Spain, on May 13, 2008): In
a group of 1002 patients the rate of MACE decreased
at 2 years by 45% in comparison with Taxus stent
(6,0% for Xience V vs. 10,3% for Taxus) (61, 62, 63).

4. Meta-analysis of the data of SPIRIT Il + SPIRIT
Il trials has shown the following key results for Xience
V stent at 2 years follow-up: clinically significant
decrease of the risk of ischemia, caused by target
vessel failure by 31% in comparison with Taxus stent
(10,4 % for Xience V vs.14,7% for Taxus). The risk of
death from all causes decreased by 28% in compari-
son with Taxus stent (2,4% for Xience V vs.3,3% for
Taxus). The risk of cardiac death decreased by 28%
in comparison with Taxus stent (0,9% for Xience V
vs. 1,3% for Taxus). Besides, the authors have noted
clinically significant decrease of the risk of myocar-
dial infarction (Ml) by 45% in comparison with Taxus
(3,1% for Xience V vs. 5,6% for Taxus); clinically sig-
nificant decrease of the risk of ischemia caused by
target lesion revascularization (TLR) by 1% in com-
parison with TAXUS (4,1% for Xience V vs. 6,8% for
Taxus). Also a low rate of stent thrombosis between
the years 1 and 2 was noted (0,5% for Xience V and
0,8% for Taxus) (64).

5. SPIRIT IV. In September 2009, at TCT held
in San-Francisco, G. W. Stone has presented the
results of SPIRIT IV trial comprising 3690 patients,
including 1185 patients with diabetes mellitus
(32.2%). According to this study, the rate of MACE
decreased by 39% in comparison with Taxus stent
(4,2% for Xience V vs. 6,9% for Taxus). At 1 year
there was a significant reduction of the target lesion
failure in comparison with Taxus Express (Xience
V 4.2% vs. Taxus 6.8%). Besides, with the use of
Taxus the rate of ischemia-driven target lesion re-
vasculariztion (ID-TLR), was higher than with the
use of Xience V, with relative risk decrease by 46%
(2,5% for Xience V vs. 4,6% for Taxus). Also the
number of cases of cardiac death or target-vessel
revascularization decreased by 31% in comparison
with Taxus stent TAXUS (2,2% for XIENCE V vs.3,2%
for TAXUS). The number of myocardial infarctions
related to the target vessel decreased by 38% in
comparison with Taxus (1,8% for Xience V vs. 2,9%
for Taxus). The number of stent thromboses de-
creased by 80% in comparison with Taxus stent
(0,17% for Xience V vs. 0,85% for Taxus); with the
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use of Xience V the rate of thromboses in patients
with diabetes mellitus decreased by 40% in com-
parison with Taxus Express stent (0.8% vs.1.33%),
and in non-diabetic patients — by 94% (0.06%
vs.1%). A decrease of Target Lesion Failure (TLF)
was also noted in patients with small vessels — by
43% (3.9% vs. 6.8%), in patients with extended
stenosis — by 35% (4.5% vs. 6.9%), and in patients
with two and more involved coronary arteries — by
49% (5.1% vs. 10%) (65, 66).

6. Clinical trial Compare: on January 8, 2010 the
on-line resource Lancet published the results of a
large-scale clinical trial. P. C. Smits from Maasstad
Ziekenhuis hospital (Rotterdam, the Netherlands)
presented the results of comparison of Xience V
and Taxus stents. Over 1800 complex cases have
been randomized for this study in 1:1 ratio (60% —
with acute coronary syndrome, 73% — with type
B2/C lesions in the Taxus Liberte group and 74% —
with type B2/C lesions in the Xience V group). The fol-
lowing data are of utmost interest: at 1 year the use of
Xience V stent led to a significant reduction of MACE
in comparison with Taxus Liberte (6,2 % for Xience V
vs. 9,1 % for Taxus Liberte) — a decrease by 31%, as
well as to the decrease of the rate of stent thrombosis
(0,7 % for Xience V vs. 2,6 % for Taxus Liberte) — a
decrease by 74% (67).

7. Clinical trial Lesson I, aimed at the evaluation of
comparative effectiveness of Sirolimus-eluting stents
Cypher (Cordis) and Everolimus-eluting stents Xience
(Abbot). The authors have analyzed the data of 1532
patients who got Cypher stent during the period from
2004 to 2006, and of 1601 patients who received
Xience stents from 2006 to 2009. They have identified
1342 pairs comparable by their baseline clinical pa-
rameters. Clinical outcomes were followed for up to
3 years. The results suggested a statistically reliable
decrease of the number of Ml and target vessel revas-
cularization in the group of Xience (14,9% for Xience
vs. 18,0% for Cypher). The number of deaths was not
statistically different (6% for Xience vs. 6,5% for Cy-
pher). The group of Xience demonstrated a decrease
of the rate of definite and eventual stent thromboses
(2,5% for Xience vs.4,0% for Cypher) (67) .

8. The Leaders trials have revealed a tendency
towards the improvement of MACE with the implan-
tation of Biolumus A9 -eluting stents (BES) in com-
parison with Sirolimus-eluting stents (SES). Major
adverse cardiac events (MACE) have been noted in
15.7% patients with BES and in 19.0% with SES. In
the subgroups of patients with a history of Ml, there
was a significant decrease of MACE among the pa-
tients with BES (9.6% vs. 20.7%). Another group of
patients with BES, which comprised patients with
Syntax score over 16, demonstrated a significant (by
57%) decrease of deaths in comparison with a group
patients with SES (4.6% vs. 10.4%) (68).

9. Essence-Diabetes trial has shown that Xience V
is more effective than Cypher for the treatment of cor-
onary lesions in diabetic patients. The trial comprised

280 patients with diabetes mellitus and angina or
confirmed ischemia and coronary arteries stenosis >
70% (with reference diameter of the vessel > 2,5 mm
and lesion’s length > 25 mm). Patients with the lesions
of the left main coronary artery and coronary grafts,
with chronic renal or hepatic failure and with bifurca-
tion lesions requiring stenting of the side branch were
excluded from the study. The patients were divided
into 2 equal groups. In 8 months after the intervention
control coronary angiography has been performed in
all patients.

Maximal lumen loss in the Xience V group was
lower than in the Cypher group (0,23 mm vs. 0,37
mm; P=0,02). Lumen loss inside the stent was 0,04
mm in the Xience V group and 0,18 mm in the Cy-
pher group (P=0,015). Segmental lumen loss was
0,11 mm in the Xience V group and 0,20 mm in the
Cypher group (P=NS). Restenosis over 50% was
notedin4,7% of patients from the Cypher group and
in none patient from the Xience V group (P=0,029).
Repeated intervention has been performed in 2,0%
of patients from the Xience V group and in 5,3% in
the Cypher group (P=0,085). During the follow-up
there was 1 case of eventual stent thrombosis in each
group (The results were presented by Young Hak Kim
at TCT-2010).

The complications of DES include intimal hemor-
rhages, incomplete healing, intimal inflammation and
medial necrosis (63, 69). Aneurysms, false aneu-
rysms, stent apposition, perforations, local vasculitis,
thrombosis, accelerated progressing of atheroscle-
rosis, fibrosis and systemic disturbances are potential
complications associated with DES implantation (69).
The IVUS-assisted studies of Colombo and Tobis (70)
have demonstrated that many stents were under-de-
ployed, which increased their blood-contacting sur-
face area (70). These data suggested the necessity
of more aggressive stent deployment during their im-
plantation using high pressure (71). At the same time
the studies of anticoagulant therapy have revealed
that the combination of antiplatelet Aspirin agents
with Ticlopidine, as well as the combination of Aspirin
with Clopidogrel is several times more effective than
Varfarin in the prevention of stent thrombosis (72).
These two new practical approaches to stenting have
significantly decreased the rates of stent thrombosis
and bleeding.

OnJuly7,20083, the company Cordis has appealed
to interventionists with an advice to strictly follow the
guidelines for the implantation of Cypher stents and
for subsequent patients’ care for the assurance of
maximal safety of the procedure. And on October
29, 2003, FDA has announced an investigation of the
causes of subacute thrombosis and related compli-
cations after Cypher implantation. As for 2005 (73),
FDA did not recommend the use of Sirolimus-eluting
stents in cases that were not definitely studied in ran-
domized trials, up to the discovery of true causes of
thrombosis (73). Antiproliferative agents do not stop
the process of neointima formation, but just delay
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it, and under their influence the process of endo-
thelization does not end by 6 months, but continues
further. Nevertheless this process leads to stepwise
decrease of minimal lumen of the dilated segment
of the artery. The growth of neointima does not stop
even after 12 months (74). Karvouni et al. (73) have
noted that by 15 months after Cypher (Sirolimus-
eluting) implantation, the stent was not covered by
the endothelium; at the same time BX Velocity (bare
metal) stent was completely endothelized. In 2005,
Waters (75) has presented 40 pathological cases
after DES implantation: in 24 of these cases there
was a thrombosis of the stented segment. It became
evident, that the delay of endothelization after DES
implantation prolong the time when the development
of complications is possible. These complications
include thrombosis — the most dangerous adverse
event after DES implantation (76).

Long-term follow-up of 746 patients in whom
Clopidogrel was stopped 6 months after stenting
(Basket-Late trial) have been presented in March
2006, at the Annual session of ACC (77). The study
revealed that within 1 year after the cessation of
Clopidogrel intake the rate of complications in pa-
tients with DES was reliably higher than in those with
BMS. Herewith in the group with DES there was a
tendency towards lower need in repeated PCI for re-
stenosis (78). Wenaweser at al. (77) have shown that
an angiographically confirmed stent thrombosis was
noted in 1,8% of cases. Almost one half of thrombo-
ses (41%) were late (on the average — in 453 days).
The majority of late thromboses (59%) occurred
more than one year after stenting (77).

One can suggest, that the obtained results, if they
are not accidental and are not related to some par-
ticularities of the trial, favor more prolonged (over 6
months) administration of Clopidogrel after the im-
plantation of DES. Eisenstein et al. (79) presented
the results of their study of 4666 patients followed for
6, 12, and 24 months after stenting. In patients with
bare metal stents prolonged Clopidogrel therapy had
no impact on the rate of death and Ml at 6-12 months
after the procedure. On the contrary, in patients with
DES the use of Clopidogrelfor 6, 12 and 24 months
was associated with the decreased rate of mortality
and Ml in all time intervals.

At present we assist at the introduction of new
techniques of stenting, including simultaneous use
of DES and BMS, the so-called “hybrid” stenting. A
group of ltalian researchers headed by Varani has
followed 2898 patients with coronary artery disease
who underwent multiple coronary stenting, from July
2003 through December 2006 (81). BMS have been
implanted in 1315 of these patients, DES — in 657,
and 926 patients had “hybrid” stenting. Long-term
results (2 years) suggest the absence of any signifi-
cant difference between the outcomes with the use
of DES and “hybrid” stenting. It has been shown that
isolated use of DES is more cost-effective in com-
parison with the use of only BMS.

Bertand et al. (82) have compared two groups of
patients: the patients from group 1 (n=161) received
only DES, while the patients from group 2 (n=201) —
a combination of DES and BMS. Long-term results of
“hybrid” stenting were found to be comparable with
the results of DES implantation. The authors have
confirmed the effectiveness of isolated use of DES in
coronary lesions with high risk of restenosis.

Conclusion: Sirolimus-eluting stents marked
the advent of a new generation of intravascular
devices. They have been followed by other stents
with similar and essentially different types of coat-
ing. Their apparition can be considered as a logical
evolutionary step in invasive cardiology, while the
decrease of the risk of restenosis can mean the be-
ginning of a new era in revascularization. Certainly,
significant decrease of the rate of restenosis and
TLR with the use of DES (in comparison with BMS)
has been proved by multiple trials, and constitutes
the main advantages of these stents. A representa-
tive of second generation of DES, Everolimus-elut-
ing stent Xience V, is superior to Sirolimus-eluting,
as well as to Paclitaxel-eluting stents. Today we as-
sist at the development and successfully introduc-
tion of a third-generation DES — with PLA-based
biodegradable coating, that has been shown to be
safe and effective in early, as well as in long-term
follow-up (68). However, the true innovation in this
field was the advent of new stents, implanted into
the thrombotic vessels. After the implantation they
dissolve within about 2 years leaving the vessel
patent in the absence of a permanent metallic im-
plant (80).
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Successful Repair of a Giant Thoracic Aortic Aneurysm
with De Bakey IlIB Dissection Using Hybrid Surgical
Approach. A Clinical Case

R.S. Akchurin', S.V. Korolev, T.E. Imaev, A.E. Komlev, P.M. Lepilin, 1.S. Fedotenkov, A.S. Kolegaev
Department of Cardiovascular Surgery, Russian Cardiological Scientific and Production Complex of the Min-
istry of Healthcare and Social Development of the Russian Federation, Moscow, Russia

Thoracic aortic aneurysms account for about 20% of all aortic aneurysms. Their incidence is 6 per 100000
of patients per year (5). Aneurysm development is connected with media degeneration resulting from the
insufficiency of all layers of the aortic wall. The risk of rupture is related to the increase of aortic diameter (7).
In 33-50% of cases the rupture leads to death (5,8).

Aortic dissection is a complex emergency situation, occurring twofold more frequently than abdominal aortic
ruptures. The dissection of the aortic walls can cause dynamic or permanent obstruction, rupture or throm-
bosis of the aortic branches.

Open surgical intervention is a traditional standard treatment for this condition. The mortality associated with
open interventions in the leading world centers is about 5-14% (for Il type dissections) (10,11). The com-
plications involve pulmonary, renal and cardiovascular systems and abdominal organs, thus significantly in-
creasing the risk of death. Herewith the rate of complications is directly related to the size and the extension of
the aneurysm. Concomitant diseases existing in many patients cause many problems related to open surgical
interventions.

With the account of open surgery-related risks, endovascular minimally invasive approach seems attractive
and advantageous. The aim of endovascular aneurysm repair (EVAR) consists in the prevention of aneurysm
rupture and aortic dissection by the way of aneurysmatic sac exclusion from the circulation, decreasing of the
tension of aneurysmatic sac’s walls or of the pressure in the false lumen with its subsequent closure.

In order to illustrate the up-to-date possibilities of the aortic dissection repair we present a clinical case of
successful repair of a giant thoracic aortic aneurysm with De Bakey IlIB dissection and a parietal thrombosis
using hybrid surgical method.

Keywords: hybrid surgery, thoracic aortic aneurysms, aortic dissection, open surgery, endovascular inter-

ventions, endoprosthesis, EVAR.

Introduction

According to expert data, thoracic aortic disease
is diagnosed yearly in over 16,000 European patients
(1,6). The development of aneurysms is related to
media degeneration as a result of insufficiency of all
aortic wall’s layers. Dissection occurs in about 50%
of thoracic aortic aneurysms. In fact, these are false
aneurysms, as the process of dissection does not in-
volve all aortic wall’s layers.

The incidence of thoracic aortic aneurysms rup-
ture is 3.5-5 / 100,000 patients per year. The risk of
rupture is related to the increase of aortic diameter
(7). The rupture leads to death in 33-50% of cases
(5, 8). Population studies have shown that 5-year sur-
vival in patients with untreated thoracic aneurysms of
various genesis is only 13% (5), while 3-year survival
in patients with degenerative aneurysms is 35% (8,9).

The dissection of thoracic aorta is a complex
emergency situation occurring twofold as often as
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abdominal aortic aneurysms. Atherosclerotic degen-
eration of the aortic wall in hereditary diseases, such
as Marfan and Ehlers-Danlos syndromes, and arterial
hypertension is a predictor for dissection. Local inti-
mal rupture or intramural hematoma leads to abrupt
blood inflow into the aortic media layers which ends
by aortic dissection and the development of a false
lumen. The dissection can extend proximally as well
as distally to the site of initial lesion, thus creating
aortic branches’ obstruction (dynamic or perma-
nent), rupture or thrombosis.

Aortic dissections can be classified by their loca-
tion, duration and presence of ischemic complica-
tions. According to one of the most often used Stan-
ford classification, type A includes the dissection of
the ascending aorta, type B — the dissection of the
descending aorta. De Bakey’s type |l includes the dis-
section of the whole aorta, type Il — the dissection
of the ascending aorta, type Ill — the dissection of
the descending thoracic aorta and of the abdominal
aorta.

Pharmacological therapy and regular diagnostic
studies are indicated in most cases. Surgical interven-
tions for asymptomatic aneurysms are recommend-
ed if aneurysmatic sac attains 5.5-6 cm in diameter,
while acute symptomatic aneurysms irrespective of
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their diameter and dissecting aneurysm
should be operated immediately.

Open surgical intervention is the tradi-
tional standard treatment. Mortality rate in
open surgery in the leading world centers
is about 5-14% (for type Ill dissections)
(10,11), the rate of paraplegia is 5% (12,
13). Other major complications involve pul-
monary, renal and cardiovascular systems
and abdominal organs, which contribute to
a significant rise of mortality risk. Herewith
the incidence of complications correlate
with the size and the extension of the aneu-
rysm and the dissection.

Concomitant diseases presentin many
patients create alot of problemsrelated to
open surgical intervention. The decision
making is complicated by the following
factors connected with increased risk of
surgical mortality: the patients’ age over
70 years, preoperative shock/hypoten-
sion, multifocal atherosclerosis (in about
1/3 of patients), partial thrombosis of the
false lumen, signs of periaortic hemato-
ma, descending aortic diameter > 6 cm,
right ventricular dysfunction. One also
has to keep in mind relative contraindica-
tions for open surgery: ACVA, marked LV
failure, coagulopathy, pregnancy, myo-
cardial infarction (< 6 months), marked
arrhythmia, elderly age, valvular appara-
tus diseases.

Taking into account the risks of open
interventions, the endovascular minimally
invasive interventions in aortic aneurysms
(EVAR — endovascular aneurysm re-
pair) are advantageous and attractive in
comparison with traditional surgery. As a
result, the patients with contraindications
for open surgery have gotten a chance
for correction. The use of endovascular
endoprosthesis allows for the closure of
fenestrations, the thrombosis of the false
lumen with the reconstruction of the true
lumen, the decreasing of pressure in the
false lumen and the increasing of distal
perfusion (14, 15, 16). As arule, short term
mortality indices (30-day mortality, 3- and
6-months mortality and 1 year mortality)
after endovascular interventions on aor-
tic aneurysms and type B dissections are
significantly lower than after open surgery
(17,18). Endovascular repair of thoracic
aortic aneurysms is associated with lower
complications rate, shorter ICU and hospital stay,
lower blood loss and lower percentage of paraple-
gia in comparison with open surgical intervention
(19, 20,21). The complications associated with this
technique include: incomplete exclusion of the aortic
arch from the circulation due to the gaps between the

Fig. 3

Fig. 1. MHCT-aortography of patient A
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Fig. 2. The stage of open surgical intervention: the grafting of
the brachiocephalic trunk, the left common carotid artery, the
left subclavian artery with a trifurcating Gore prosthesis

endoprostheses, the endoleaks of the 1st and other
types.

A significant number of patients with acute and
chronic pathology have thoracic aortic lesion involv-
ing aortic arch branches (the brachiocephalic trunk,
the common carotid and the subclavian arteries). In

Successful Repair of a Giant Thoracic Aortic Aneurysm with De Bakey IlIB Dissection Using Hybrid
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Fig. 4. Endovascular grafting of the thoracic aorta using Gore

endoprosthesis

Fig. 5. Intraoperative aortography of patient A

such cases in order to enlarge the proximal area of
endoprosthesis deployment during endovascular
interventions it can be necessary to cover the aortic
arch branches. The occlusion of supraaortic vessels
by endoprosthesis can be a severe, sometimes even
fatal complication of endovascular interventions on
the ascending aorta and aortic arch. In such case it
would be reasonable to find some balance between
the “traditional open surgery” and the endovascular
interventions. The so-called “hybrid” operations,
combining minimal invasiveness of the open access,
the providing of visceral perfusion, the minimization
of ischemia duration, the creation of a safe terrain
for endoprosthesis implantation and endovascular
grafting for aortic aneurysm exclusion, as such, can
offer this balance (22). Many innovative methods,
including the reimplantation of the major aortic arch
branches (rebranching), shunting operations and
“elephant trunk” reconstructive surgery have been
presented rather recently (23-28).

Case report
In order to illustrate the current possibilities in
the treatment of aortic dissection we would like
to present a clinical case of successful correction
of a giant thoracic aortic aneurysm with De Bakey

I1IB dissection using hybrid surgical ap-
proach.

The 52-years old patient A, male, was
admitted to the Department of Cardiovas-
cular Surgery in June 04, 2010, with chest
pain syndrome, complaints of arterial hy-
pertension, neurological disturbances and
impossibility to urinate. The analysis of his
history revealed 3rd degree arterial hyper-
tension of many years duration (maximal
BP 220/160 mm HG) despite regular hy-
potensive therapy. MHCT performed in
September 2009 revealed aortic arch an-
eurysm with Ill type dissection. After acute
development of lower paraplegia on May
25, 2010, the patient was diagnosed with
acute impairment of spinal circulation and
paradoxical ischuria ( (neurogenic bladder)

EchoCG: the aorta is indurated, with
descending segment diameter of 3,7 cm,
significantly dilated (up to 9 cm) in the de-
scending thoracic segment, where intimal
dissection can be seen. An area filled with
up to 3 cm thick thrombus is visualized at
the external contour of the descending
aorta. The cardiac cavities are not en-
larged. The LV EF > 55%, there are no areas
of local contractility impairment. There are
insignificant valvular regurgitations.

Coronary angiography: the left main
coronary artery without changes. Ir-
regular contours of the LAD, the CxB and
the RCA.

MHCT-angiography (Fig.1): the walls
of the ascending aorta are not thickened,
there are no calcification. Maximal diameter of the
aorticroot -— 3,9 cm, the aortic arch and the descend-
ing segment are enlarged up to 9 cm, a massive pa-
rietal thrombosis can be seen at the external contour.
The intimal dissection starts from the left subclavian
artery ostium, the true lumen is several times smaller
than the false one. The aortic dissection can be found
up to the celiac axis (arising from the true lumen),
below the celiac axis there is no dissection.

Consultation of a neurologist: the episode of acute
impairment of the spinal circulation was caused by
intima dissection in the ostium of an intercostal artery
at the level of Th X-XI (proximal to the end of aortic
dissection) with subsequent restoration of the collat-
eral circulation.

The patient was diagnosed with a giant thoracic
aortic aneurysm with De Bakey IlIB dissection, with
parietal thrombosis; the impairment of the spinal
circulation with the development of transient lower
paraplegia and urination disturbances; arterial hy-
pertension.

On June 28, 2010, the patient underwent hybrid
surgical intervention: endovascular repair of the tho-
racic aorta with the grafting of the brachiocephalic
trunk, the left common carotid artery and the left

(Ne 26, 2011)



Interventional angiology ‘

subclavian artery using a trifurcation Gore
prosthesis.

The access to the heart and aortic arch
branches was achieved through median
sternotomy. Simultaneously the common
femoral artery was approached through the
left thigh. Three distal prosthetic anastom-
ses were performed — to the left subcla-
vian artery (LSA), the left common carotid
artery (CCA) and an “end-to-side” anasto-
mosis to the brachiocephalic trunk (BCT)
using lateral dislocation of the aorta (Fig. 2).
After that a proximal “end-to-side” Gore
anastomosis to the aorta was performed
(Figs. 2, 3). The CCA, LSA and BCT were
ligated. The anastomoses were patent and

non-leaking. An introducer was inserted Fig- 6. Postoperative MHCT-aortography of patient A

through a puncture to the CFA, and a di-

agnostic catheter was advanced into the ascending
aorta via the stiff guide. Diagnostic aortography was
performed. Simultaneously a delivery system was
inserted through the left CFA. A Gore Tag 45x20 en-
doprosthesis (Fig. 4) was delivered through this sys-
tem into the ascending aorta and deployed from the
level of distal edge of the trifurcating Gore prosthesis
anastomosis with the aorta (Fig. 5). Control opacifi-
cation of the aorta demonstrated effective grafting
of the proximal aortic dissection, no endoleak signs
were revealed.

Results of study

The patient’s rehabilitation was achieved within the
shortest term. The patient was discharged at day 5.
Postoperative course was uneventful. The patient
has been followed in the long-term (1 month —
1 year), no complications were revealed. According
to control MHCT aortography (Fig. 6), the false lumen
did not opacify, there were no signs of endoleak. The
aortic arch arteries opacified through the trifurcating
prosthesis from the ascending aorta.

Discusson

In view of latter achievements in endovascular
therapy, endovascular aortic repair (EVAR) is being
used more frequently for the treatment of aneurysms
and aortic dissection with satisfactory initial results.

In accordance with the existing indications for
EVAR, the necessary zone of endoprosthesis fixa-
tion should be at least 20 mm and the diameter of
the aorta less than 40 mm. For this reason, from
the viewpoint of surgical indications, the anatomi-
cal factors, the character and the length of arterial
injury, as well as aneurysm morphology play an
important role in the choice of the tactics of treat-
ment, and EVAR should not become the method
of choice if the aneurysm/dissection is located
in the close proximity of the main aortic branches.
Fenestrated and multi-branched endoprosthesis
have been developed just for such cases — in
order to provide the blood flow to the branches in

aortic aneurysms / dissections, but at present they
are submitted to detailed clinical testing in single
clinical centers, and the accumulated information
will be carefully analyzed by the experts. These
endoprostheses are made by hand, adjusted
for the anatomy of each patient and necessi-
tate a precise sizing as well as 6 to 8 weeks to be
manufactured.

Hybrid procedures combining traditional surgi-
cal approach and EVAR, are being developed and
introduced with the aim of enlarging the indications
for endovascular interventions in high-risk pa-
tients. This approach is minimally invasive, associ-
ated with low rate of complications and mortality.
Hybrid approaches for the treatment of aortic arch
pathology will continue to develop, the methods
and the techniques will be elaborated and brought
to perfection. The future role of these procedures
will be determined by their long-term results.

Hybrid surgery is a particular transition to eventual
primacy of endovascular multi-branch grafting in the
future and represents a real alternative for patients
with contraindications to endovascular or open sur-
gical intervention.
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Endovascular Correction of a Post-Traumatic False
Aneurysm of the Right Subclavian Artery. A Case Report

A.l. Kvashin, S.A. Atamanov, A.V. Melnik!, A.O. Bykov, A.A. Pomkin, M.G. Shirkin,

S.A. Kyshtymov.

Research Center of Reconstructive Surgery, East Siberian Scientific Center of Siberian Branch of Russian
Academy of Medical Sciences, Irkutsk Regional Clinical Hospital, Irkutsk, Russia

False aneurysm of the subclavian artery is an uncommon complication. Most frequently this pathology is
caused by fracture of clavicle, however other causes also can exist. We present a case of diagnosis and en-
dovascular treatment of a false aneurysm of the right subclavian artery in a 31-years-old man, heroin addict,
who performed multiple injections into the right subclavian artery. At admission he had paresis and decreased
sensitivity in the right arm due to compression neuritis of the brachial plexus. The diagnosis was made on the
basis of clinical examination, duplex scanning, multihelix computed tomography (MHCT) and angiograpnic
study of the subclavian vessels. With the account of large false aneurysm and difficulties of surgical approach
we decided to abstain from open intervention.

A successful endovascular correction of the blood flow in the right subclavian artery using a stent-graft was
performed.

This clinical example demonstrates that endovascular approach to the treatment of false aneurysms located

in this area is associated with high clinical effectiveness, minimal traumatism and absence of blood loss.
Keywords: false aneurysm, stent-graft, subclavian artery, brachial plexus.

Abbreviations
RSA — right subclavian artery.
MHCT — multihelix computed tomography

Introduction

According to the definition, the false aneurysm is
a cavity filled with blood and communicating with the
true arterial lumen. The walls of the false aneurysm
are formed by the aneurysm-limiting tissues that do
not contain the elements of the arterial wall (4,8).

Most commonly the false aneurysms of the sub-
clavian artery develop after traumatic lesions of the
clavicular area (4, 8, 11). As a rule, this pathology is
diagnosed late, which is mostly related to the gradual
increase of the volume in the clavicular area and the
appearance of the signs of brachial plexus compres-
sion (6,9,12).

Clinical case

A 31-years-old man was admitted to the De-
partment of Surgery of the Irkutsk Regional Clinical
Hospital in January 2010 with the diagnosis of a right-
sided post-traumatic aneurysm of the subclavian
artery. The patient was heroin addict. He attributed
his disease to drug injection into the right subclavian
area about 2 months ago. Palpation revealed a mass
of about 7 cm in diameter in the right supraclavicular
area, at auscultation a systolic murmur was heard.
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There was paresis and decreased sensitivity in the
right arm.

Duplex scanning of the right subclavian and axil-
lary vessels was performed.

The signs of phlebothrombosis of the right sub-
clavian and axillary veins were revealed. A heterog-
enous, roundish mass measuring 60x40 mm, with an
intraluminal parietal thrombus and turbulent blood
flow was found at the anterolateral wall in the projec-
tion of the 2nd segment of the right subclavian artery
(RSA). This cavity was connected with the lumen of
the right subclavian artery through a 4 mm channel.

MHCT also confirmed the presence of a throm-
bosed aneurysm of the 2nd segment of the RSA.

Taking into account the big size of this aneurysm
as well as the difficulties of surgical intervention, we
decided to abstain from open surgery.

The patient was transferred into the cathlab for
elective angiographic study and solution of the prob-
lem of endovascular correction of his false aneurysm.
The right common femoral artery was punctured in
accordance with Seldinger technique. A catheter was
advanced into the RSA ostium through a 5F sheath
and angiographic study was performed. In the 2nd
segment of the RSA we found a post-traumatic
multi-chambered false aneurysm (53x64 mm) with
turbulent blood flow and protracted retention of the
opacified blood (fig.1). The RSA was 7 mm in diame-
ter. The length of the damaged segment was 50 mm.
After the evaluation of x-ray semiotics we decided to
perform endovascular separation of the RSA from the
false aneurysm cavity. After the puncture of the left
common femoral artery a 9F sheath was inserted. A
peripheral stent-graft Fluency plus (BARD) 9.0 x 60,0
mm was advanced by the cord guide and implanted
in the plane of the aneurysm’s neck. At control an-

Endovascular Correction of a Post-Traumatic False Aneurysm of the Right Subclavian Artery.

A Case Report



‘ Interventional angiology

Fig. 1

giography the false aneurysm did not opacify, the
blood flow in the stented segment was preserved,
there was an over 50% stenosis in the initial segment
of the implanted stent. Balloon dilatation of this seg-
ment was performed with the use of AgilTrac balloon
(Guidant) 6.0x40.0 mm.

Control angjography revealed a stented segment
with regular contours, without residual stenosis. The
aneurysm was not opacified (fig2).

Control duplex scanning in the projection of the
2nd segment of the RSA revealed a heterogenous
roundish mass measuring 60 x 40 mm, with intra-
luminal parietal thrombosis, located at the antero-
lateral wall. Turbulent blood flow was not seen. The
stent-graft was patent, the magistral blood flow was
preserved.

Postoperative condition of the patient was sat-
isfactory. He had no complaints. The symptoms
of compression neuritis of the brachial plexus re-
gressed. In 7 days after endovascular intervention
the patient was discharged under the care of a local
physician.

Discussion

The lesions of the subclavian artery can be
caused by penetrating injury by the fragments of
fractured clavicle, the displacement of metal ele-
ments of constructions used for ostheosynthesis
(6,7,9, 10, 12). Paresthesia and paresis of the arm
are typical symptoms of brachial plexus compres-
sion (6, 9, 12). As a rule, the time interval between
the primary trauma and the diagnosis of a false
aneurysm is long. Skeletal and muscular lesions
as well as the gradual growth of the aneurismal
cavity hamper timely diagnostics and treatment
of this condition. Severe neurological abnormali-
ties, related to the compression of brachial plexus,
compression embolism of the subclavian vessels,
as well as the rupture of false aneurysm with the
development of arterial bleeding, are severe, life-
threatening complications.

Fig. 2

Open surgical approach in various segments of
the subclavian artery is associated with sternotomy
or the resection of a fragment of clavicle with sub-
sequent ostheosynthesis, is rather traumatic and
elongates the rehabilitation period. The risk of wound
infection and massive blood loss is always higher with
open surgery (3, 5,7, 10, 12).

Endovascular treatment is minimally traumatic,
minimizes the blood loss and the probability of infec-
tion. The rehabilitation period after intravascular in-
tervention is enormously shorter in comparison with
open surgery.

There are few reports of such cases in world litera-
ture (1, 2). However we did not find any description
of endovascular correction of a post-injection false
aneurysm with the use of a stent-graft.

Conclusion

Due to currently available materials and technolo-
gies, the method of endovascular separation of the
false aneurismal cavity from the true arterial lumen
allows to obtain good results in the correction of vas-
cular wall lesions.

Minimal invasiveness, high effectiveness, ab-
sence of blood loss allow to consider the endovascu-
lar method as one of the leading modalities of treat-
ment of false aneurysms of different genesis.
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The authors present a retrospective evaluation of the incidence of atypical anatomical variants of tibial arter-
ies origin and foot blood supply associated with critical ischemia, treated by peripheral angioplasty. Intra-
procedural complications caused by atypical anatomy have been taken into consideration.

Keywords: peripheral angioplasty, critical lower limb ischemia, popliteal artery, anterior tibial artery, poste-

rior tibial artery.

Purpose of study. This study was aimed at the
evaluation of the significance of atypical anatomical
variants of popliteal artery branching and foot arteries
origin for the performance of peripheral angioplasty
in patients with critical lower limb ischemia (CLLI), in
whom angioplasty has been used as a primary revas-
cularization method.

Material and methods. In total, 248 peripheral
angioplasties (PAP) have been performed in 240 pa-
tients with CLLI. The incidence of atypical anatomical
variants of popliteal artery branching and foot arter-
ies origin has been studied retrospectively. Clinical
results and complications of peripheral angioplasty
in patients with typical and atypical branching of the
popliteal artery and foot blood supply have been
studied.

Results. Atypical branching of the popliteal
artery and foot blood supply have been noted in
31 (12,5%) cases (out of 248 legs, on which PAP
was performed). Aplasia — hypoplasia of the tibial
branches with dorsalis pedis artery (DPA) and/
or plantar artery (PIA) arising from the peroneal
artery was seen in 17 cases (6,8% of 248 legs, in
which PAP has been performed). Herewith only 14
(45%) cases (out of 31 with atypical anatomy) were
revealed during diagnostics. In seven (41%) of the
remaining 17 cases (non-recognizable before PAP)
the peculiarities were suspected only after the oc-
currence of complications. There were no signifi-
cant differences between legs preservation rate in
the groups with typical and atypical anatomy.

Conclusion. Atypical variants of lower leg and
foot blood supply are rather frequent and if not timely
recognized can cause specific complications.
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List of abbreviations

CLLI — critical lower limb ischemia
PAP — peripheral angioplasty

PA — popliteal artery

ATA — anterior tibial artery

PTA — posterior tibial artery

PeA — peroneal artery

DPA — dorsalis pedis artery

PIA — plantar artery

TPT — tibioperoneal trunc

Introduction

Endovascular interventions are playing an in-
creasing role in the treatment of critical lower ilmb
ischemia (CLLI), expecially in diabetics. In order to
achieve clinical success it is necessary to restore an-
tegrade blood flow into the arterial arch of the foot. It
often requires recanalization of extended occlusions
of the tibial and foot arteries, being the predominant
form of arterial lesions in such patients (1, 2).

Besides typical branching of the popliteal artery
(PA) below the cleft of the knee into the anterior
tibial artery (ATA) and tibioperoneal trunk (TBT)
prolonged by the posterior tibial artery (PTA), there
are other anatomical variants. They are caused by
embryological development and their incidence
varies from 7,4% to 17,6% (3, 4). Basing on the re-
sults of 1000 legs’ angiography, Kim et al. (3) sug-
gested a practical classification of anatomical vari-
ants of branching, being a modification of Lippert
n Pabst classification (5). The authors suggested
three types of anatomical variants that account for
the level and the character of branching of the pop-
liteal artery, as well as the origin of the foot arter-
ies. Type | includes the variants with normal level
of PA branching, where typical anatomical variant
is denominated as IA. Type Il comprises the cases
with high level of popliteal artery branching above
the cleft of the knee, and type lll — the cases with
aplasia or hypoplasia of the tibial branches with
dorsalis pedis artery and/or plantar artery arising
from the peroneal artery (Fig.1).
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Type I-A

Type |I-B Type I-C

Type |

Type ll

Type II-A1 Type II-A2 Type lI-B Type II-C

Type 1] Type llI-A Type lll-B Type llI-C

Fig.1. Scheme of anatomical variants of the PA
branching and foot blood supply, suggested by Kim
etal.

Type | — normal level of branching: I-A — typical
anatomical variant, I-B — trifurcation of the PA, I-C —
anterior tibioperoneal trunk, PeA arises from the ATA;

Type Il — high branching of the PA: II-A1 and IlI-A2 —
the ATA arises on the level or above of the cleft of the
knee, II-B — high origin of the ATA, anterior tibioperoneal
trunk, II-C — high origin of the PeA from the PA;

Type Il — hypoplasia of the PTA and/or ATA with
plantar and/or dorsalis pedis artery arising from the
PeA: llI-A — hypoplasia of the PTA, the plantar artery
arises from the PeA, llI-B — hypoplasia of the ATA,
the dorsalis pedis artery arises from the PeA, IlI-C —
hypoplasia of the PTA and the ATA, the plantar and
the dorsalis pedis arteries arise from the PeA

Abbreviations: PA— popliteal artery; ATA — anterior
tibial artery, PTA — posterior tibial artery, PeA —
peroneal artery.

The occlusions of the arterial segments in the
area of popliteal artery branching, lower leg and foot
arteries often complicate the recognition of atypi-
cal anatomical variants, which can lead to technical

problems and specific complications during endo-
vascular interventions.

The significance of anatomical variability of the
PA for various open surgical interventions has been
described in the literature (3), however we could not
find the works assessing its significance for endovas-
cular interventions. Kawarada et al. (6) reported three
clinical cases of successful PAP in type Ill anatomical
variants, with all these variants being evident at diag-
nostic stage of the intervention (6).

The aim of our study consisted in the evaluation
of the significance of anatomical variants of popliteal
artery branching and foot arteries origin for PAP per-
formance in patients with CLLI, in whom angioplasty
was applied as a primary revascularization method.

Material and methods

From December 2004 through June 2009 in total
248 PAP have been performed in 240 patients with
CLLI caused by arterial lesions in femoropopliteal
segments, as well as in tibial and foot arteries. Diabe-
tes mellitus was present in 189 (76%) patients. The
procedures were performed under local anesthesia,
antegrade transfemoral approach was used in most
cases. Intraluminal angioplasty was applied for ste-
noses and non-extended occlusions. In cases of
extended (over 5 cm) occlusions in femoropopliteal
segment, as well as in crural arteries planned subinti-
mal recanalization and angioplasty according to Bolia
technique were used (7, 8).

PAP was considered as technically successful if
a continuous antegrade blood flow to the foot was
restored in at least one crural artery without >50%
residual stenoses. The patients with trophic lesions
received necessary local surgical treatment and
therapy with antiobiotics. Leg preservation after PAO
was determined in accordance with Rutherford rec-
ommendations (9).

During retrospective analysis of pre- and post-
procedural angiograms, as well as of protocols of
procedures we evaluated the incidence of atypical
anatomical variants of the origin of tibial arteries and
of foot blood supply. Only the cases where the anat-
omy was univocally interpreted by two experienced
interventional radiologists were taken into account.
The cases of atypical anatomy were assigned to one
of the two groups depending on time of their iden-
tification during endovascular intervention. The first
group comprised the cases of atypical anatomy that
were evident at the stage of preoperative selective
angiography. The second group comprised the legs
in which atypical variant of PA branching or foot blood
supply was identified only during PAP. The intra-PAP
complications caused by atypical anatomy and their
clinical consequences were taken into consideration.

The preservation of the legs in the groups of pa-
tients with typical and atypical anatomy of the PA and
foot arteries was determined using Kaplan-Meier
method. Parametric and non-parametric statistical
techniques were used for the identification of differ-
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Table.

Distribution of atypical variants of the PA branching and of the foot blood supply in 248 cases of
CLLI when PAP has been performed

TYPE Cases in total Ewde;;t;efore Recogn:;;i during Complications
n (%) n
n n
Type |
I-B 3(1,2%) 2 1 0
I-C 5 (2%) 3 2 1
Type Il
I-A 2(0,8%) 1 1 0
II-B 4 (1,6%) 2 2 1
Type lll
l-A 8 (2,85%) 3 5 2
I-B 7 (2,82%) 2 5 2
l-C 2 (0,8%) 1 1 1
Total n (%) 31 (12,5%) 14 (45%) 17 (55%) 7 (23%)

ences during group comparison. P value of <0,05
was considered as statistically significant.

Results

The incidence of atypical variants of the PA
branching and the foot blood supply in the group of
study is presented in the Table.

Distribution of atypical variants of the PA branch-
ing and of the foot blood supply in 248 cases of CLLI
when PAP has been performed

In total, atypical anatomy was noted in 31 cases
(12,5%). Aplasia/hypoplasia of the tibial branches
with DPA and/or PIA arising from the PeA were noted
in 17 (6,8%) cases. Only 14 (45%) cases of atypical
anatomy were evident at the stage of preoperative
selective angiography. In seven (41%) of the remain-
ing 17 cases (which could not be recognized before
PAP) atypical anatomy has been suspected only after
the occurrence of specific PAP-related complica-
tions. Atypical variants of PA branching were asso-
ciated with 2 complications related to the search of
the ostium of the posterior tibial artery (PTA) in its
“typical” location (Fig. 2). In 5 cases with foot blood
supply from the PeA system the attempt of recana-
lization of hypoplastic tibial arteries resulted in their
perforation. Clinical consequences have been noted
in 1 (20%) of these cases — the perforation of the
anterior TA led to hematoma development in the an-
terior crural muscular bed, which necessitated surgi-
cal decompression.

In the group with atypical anatomy technical suc-
cess was achieved in 28 out of 31 cases (90,3%),
while the rate of success in the group of 217 cases
without anatomical variants was 93,5% (203 cases).
The comparison of these results with the use of exact
Fisher’s test gave P=0,8. Herewith both groups were
similar in age, sex and concomitant pathology. One-
year rate of leg preservation was 83,7% for the cases
with atypical and 85,9% — for the cases with typical
anatomy. The comparison of Kaplan-Meier curves

using LogRank Test did not reveal significant differ-
ence (P=0.65).

Discussion

According to the data of two large angiographic
studies, atypical variants of PA branching and foot
blood supply were seenin7,4% and 17,6% of cases
(3, 4). Our results (12,5%) are within these limits.
In our opinion, the problem of specific complica-
tions caused by atypical anatomy still represents
a pressing challenge, despite the absence of sig-
nificant differences in the rate of technical success
and clinical indices in the groups with typical and
atypical anathomy.

The incidence of interventions on distal arterial
segments during PAP for CLLI is steadily increasing.
Most patients in our study had ischemic diabetic foot
(76%), and extended occlusions of lower leg arter-
ies is the main type of lesion in such patients. The
attempts of intraluminal or subintimal recanalization
of a hypoplastic ATA or PTA, at best, will be an exer-
cise in futility, and in the worst will end by perforation
and/or occlusion of the artery, with eventual clinical
consequences for the patient. The differentiation
between an occluded “normal” and hypoplastic tibial
artery is not always feasible even in the presence of
selective intraoperative angiographic data. In our
study only 45% atypical anatomical variants have
been recognized before the start of PAP, while in 23%
of cases they were revealed only after the develop-
ment of complications. Most complications (5 out of 7)
occurred in the group of patients with type Ill atypical
anatomical variants. In 32% of cases an atypical vari-
ant has been suspected on the base of indirect signs,
which allowed to change the tactics of intervention
and avoid complications. One such case is presented
in Fig. 3. If possible, it is necessary to carefully evalu-
ate the blood supply in the other leg, as according to
the literature, atypical variants of blood supply in both
legs occurin 27,5% — 50% of cases (10, 11).
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Fig. 2. Angioplasty in high PA branching and anterior tibioperoneal
trunk (ATPT).

A Angiogram of the PA after successful subintimal recanalization of the
anterior tibial artery (ATA). The variant of PA branching was erroneously
interpreted as typical. Diffusely stenotic and occluded branch of the PA,
arising at the level of the cleft of the knee was not recognized as the
posterior tibial artery (PTA). The arrow indicates the assumed ostium of
the PTA.

B The attempts to find the ostium of the posterior tibial artery in its
“typical” location led to the perforation with guide (arrows) of a small
branch of the peroneal artery (PeA),that had a course similar to this one
of a typical PTA;

C Subintimal angioplasty of the true PTA was performed. Short
arrows indicate the balloon inflated in its lumen in order to facilitate
the advancement of a hydrophilic guide’ loop (long arrow)

D Final result: both tibial arteries are reconstructed. The II-B type is
evident.

i
1932 Jan

S

CM /141D

Fig. 3. Dorsalis pedis artery (DPA) arises from the peroneal artery
(PeA).

A Diagnostic stage of intervention: supposed hypoplasia of the
anterior tibial artery (ATA), occlusion of the peritoneal artery (PeA)
and of the posterior tibial artery (PTA). Large diameter and direct
course of the PeA in association with the small tortuous ATA allowed
to suppose the DPA origin from the PeA.

B Angiograms of final results of PAP: the DPA is a branch of the PeA.

Significance of Anatomical Variability of Tibial and Foot Arteries for Peripheral Angioplasty in Patients

with Critical Ischemia

Maybe, the use of x-ray technique,
allowing, unlike contrast angiography,
to visualize not only the lumen, but also
the course of occluded arteries, for
preoperative evaluation of the vascular
status will be useful for the recognition
of atypical anatomical variants before
the procedure. However this approach
requires task-oriented studies in pa-
tients with CLLI.

We are aware of certain limitations of
our study, as it does not take into con-
sideration the cases where even after
PAP we could not clearly determine the
anatomical variant. It is also probable,
that some cases interpreted as foot
arteries origin from the peroneal artery,
in fact could represent hypertrophied
collaterals. However we are sure that
our experienced with PAP in patients
with atypical anatomy of tibial and foot
arteries will be useful for specialists
dealing with endovascular treatment of
patients with CLLI.

References

1. Menzoian J.0., LaMorte W.W,,
Paniszyn C.C. et al. Symptomatology
and anatomic patterns of peripheral
vascular disease: differing impact of
smoking and diabetes. Ann. Vasc.
Surg., 1989, 3, 224-8.

2. Graziani L., Silvestro A., Bertone
V. etal. Vascular involvement in diabetic
subjects with ischemic foot ulcer: a new
morphologic categorization of disease
severity. Eur. J. Vasc. Endovasc. Surg.,
2007, 33, 453-60.

3. Kim D., Orron D.E., Skillman J.J.
Surgical significance of popliteal arte-
rial variants. A unified angiographic
classification. Ann. Surg., 1989, 210,
776-81.

4. Mavili E., Donmez H., Kahriman
G. et al Popliteal artery branching pat-
terns detected by digital subtraction
angiography. Diagn. Interv. Radiol.,
2011,17(1), 80-3

5. Lippert H., Pabst R. Arte-
rial variations in man: classification and
frequency. Bergman Verlag, Munich,
1985, 60-4.

6. Kawarada O., Yokoi Y., Honda Y.,
Fitzgerald P.J. Awareness of anatomi-
cal Variations for infrapopliteal inter-
ventions. Cathet. Cardiovasc. Interv.,
2010, 76, 888-94.

7. Bolia A., Miles K.A., Brennan J.,
Bell P.R. Percutaneous transluminal an-



Interventional angiology

gioplasty of occlusions of the femoral and popliteal
arteries by subintimal dissection. Cardiovasc. Inter-
vent. Radiol., 1990, 13, 357-63.

8. Bolia A, Sayer RD, Thompson MM, et al. Sub-
intimal and intraluminal recanalization of occluded
crural arteries by percutaneous balloon angioplasty.
Eur. J. Vasc. Surg., 1994, 8, 214 -9.

9. Rutherford R.B., Baker J.D., Ernst C., et al.
Recommended standards for reports dealing with

lower extremity ischemia. Revised version. J. Vasc.
Surg., 1997, 26, 517-38.

10. Day C.P, Orme R. Popliteal artery branching
patterns - an angiographic study. Clin. Radiol., 2006,
61, 696-9.

11. Keen J.A. A study of the arterial varia-
tion in the limb with special reference to symme-
try of vascular pattern. Am. J. Anat., 1960, 108,
245-61.

(Ne 26, 2011)



‘ Cardiovascular surgery ‘

Clincial Case of Successful Two-Stage Correction of type
1 Aortic Dissection Using Hybrid Surgical Approach

R.S. Akchurin’, T.E. Imaev, A.E. Komlev, M.R. Osmanov, T.N. Veselova, M.E. Nikonova,l.A. Pokidkin
Fedotenkov, A.S. Kolegaev

Department of Cardiovascular Surgery, Russian Cardiological Scientific and Production Complex of the Min-
istry of Healthcare and Social Development of the Russian Federation, Moscow, Russia.

Aortic dissection is an exclusively emergency situation with the incidence twofold higher than the incidence
of abdominal aortic rupture, that is 10-20 cases per 1 min. of population per year. About 20% of patients die
before admission, 30% die in hospital and up to 20% — within the next 10 years.

Concomitant insufficiency of the aortic valve, ring and aortic root dilatation occurring in 50-60% of cases
usually requires surgical replacement of the aortic valve, or aortic valve replacement with ascending aor-
tic grafting following Bentall-De Bono technique, or some valve-preserving operations in David and Yacoub
modifications.

Innovative hybrid surgical approach as a method of effective revascularization, combines the effectiveness of
traditional open surgery and of percutaneous endovascular intervention with balloon valvuloplasty and endo-
graft implantation. Due to its minimal invasiveness, the hybrid approach allows to minimize the complications
and to decrease the mortality in high-risk patients.

The purpose of this paper is to present a case of successful use of hybrid approach for the correction of a
chronic dissecting aortic aneurysm of type 1, extending from the level of Valsalva sinus and associated with
aortic valve insufficiency.

The configuration of the thoracic aortic arch and the design of endografts often require more proximal zone
for endograft fixation. Isolated endovascular intervention becomes risky because of eventual closure of aortic
arch branches with the endograft. Hybrid surgical interventions possess all advantages of endovascular and
traditional open surgery, thus allowing to avoid dangerous complications and minimize the duration of reha-
bilitation.

Keywords: : hybrid surgery, thoracic aortic aneurysms, open surgery, endovascular interventions, endograft.

Introduction

Aortic dissection is an exclusively emergency
situation with the incidence twofold higher than the
incidence of abdominal aortic rupture, that is 10-20
cases per 1 min. of population per year. About 20%
of patients die before admission, 30% die in hospital
and up to 20% — within the next 10 years (1-4).

Aortic dissections can be classified by their loca-
tion, length and presence of ischemic complications.
According to one of the most often used Stanford
classification, type A dissection involves the ascend-
ing, and type B — the descending aorta. De Bakey’s
type | involves the whole aorta, type Il — the ascend-
ing aorta, type lll -the descending aorta.

Atherosclerotic degeneration of the aortic wall in
hereditary diseases, eg. Marfan and Ehlers-Danlos
syndromes, and in arterial hypertension, are facrots
predisposing for dissection. The fenestrations in the
intima permit the blood flow to enter into the aortic
media, thus peeling the intima away from the aortic
wall and forming two lumen — the true and the false

" Address for correspondence:

Dr. Renat Akchurin,

Russia, 121552, Moscow,

3rd Cherepkovskaya ul, 15a

Tel. /Fax: 007 499 140-93-36, 007 499 149-17-08
Email: dddd99999@mail.ru

Manuscript received on June 06, 2011.

Accepted for publication on August 22, 2011.

ones. The exfoliation of the aortic wall can produce
an obstruction, rupture or thrombosis of the aortic
branches. The obstruction can be dynamical or stat-
ic, leading to malperfusion. Repeated blood flow into
the true lumen decrease dynamical load on the aortic
wall, that causes spontaneous fenestrations. The for-
mation of a false aortic lumen leads to a dangerous
sequence of events, that constitute the indications
for emergency intervention: rapid formation of aortic
aneurysm, ongoing organs’ ischemia caused by the
obstruction of the major aortic branches, unstable
hemodynamics, cardiac tamponade, aortic rupture.

As a rule, the symptoms are very sharp, with
marked chest pain irradiating into the neck or arms.
Backache is usually related to type B dissection.
Other symptoms depend on the degree of dissec-
tion and other organs’ involvement. Abdominal pain,
renal failure, paraplegia, lower limb ischemia can be
present.

Type A dissections are particularly dangerous and
without treatment or in case of inappropriate diagnosis
are associated with high mortality. Pharmacological
therapy is not a basis for the management of type A dis-
sections. Mortality rate at early stages is 1-2% per hour
(5). Mortality can be as high as 40% per week, which is
significant in comparison with about 10% mortality as-
sociated with open surgical interventions.

In type B dissections hypotensive therapy usually
is applied. The purpose of treatment consists in the




Cardiovascular surgery ‘

limitation of dissection, minimization of
the impact on the aortic wall, prevention
of dilatation and creation of conditions
for false lumen thrombosis. Surgical
mortality can be as high as 30% or even
more (9).

Concomitant aortic valve insuf-
ficiency, ring and aortic root dilatation
present in 50-60% of cases of aortic
dissection usually require surgical aor-
tic valve replacement, or aortic valve re-
placement with ascending aorta graft-
ing using Bentall-De Bono technique,
or valve-preserving surgery using David
and Yacoub technique.

The fenestrations in the aortic arch
occur in 30% of dissection cases. In
case of fenestrations in the aortic arch,
distal anastomosis between the graft
and the aorta is performed to bypass a
part of aortic arch, not involved in dis-
section. In any case, if prolonged multiple fenestra-
tions extend beyond the site of aortic arch passage
into the descending part of the aorta, it is necessary
to perform subtotal or total arch replacement with
rebranching of several or all aortic branches into the
graft. This is performed in the settings of hypother-
mic circulatory arrest and antegrade cerebral perfu-
sion. If the dissection involves also the descending
aorta, the “elephant trunk” aortic arch reconstruction
is indicated.

Most patients with aortic dissection are severely
ill and unlikely to survive traditional open surgical in-
tervention with deep circulatory arrest, aortic arch re-
construction, etc. Such high-risk patients, as well as
the complications occurring during open heart sur-
gery and pharmacological therapy, have stimulated
the search of new technologies for the treatment of
aortic dissections — minimally invasive endovascular
interventions.

In general endovascular treatment is being used
for both types of aortic dissection — A and B, —
both in acute and in chronic forms. Recent results
of meta-analyses have shown technical feasibility of
endovascular intervention in 98% of cases, as well
as encouraging immediate and mid-term results
(1-2 years) (6, 7). The advantages of endovascular
interventions and hybrid surgery for aortic dissec-
tions in comparison with traditional open surgery are
evident. In particular, endovascular approach allows
to avoid thoracotomy with subsequent formation of
pleural adhesions (8-11). Usually the procedure is
performed through the femoral approach. Unlike
open operation, primary or repeated endovascular
intervention can be performed under spinal or even
local anesthesia. It is evident that in high-risk patients
endovascular interventions have significant advan-
tages over surgical treatment and offer hope for
recovery for patients with contraindications for open
surgery. These advantages comprise the decreased

Fig. 1. MHCT of patient Z

rate of mortality and complications, the minimization
of time spent in the ICU and in hospital, as well as of
postoperative rehabilitation.

Innovative hybrid surgical approach as a method
of effective revascularization, combines the effective-
ness of traditional open surgery and of percutaneous
endovascular intervention with balloon valvuloplasty
and endograft implantation. Due to its minimal in-
vasiveness, the hybrid approach allows to minimize
the complications and to decrease the mortality in
high-risk patients. In case of lower limb ischemia this
approach is preferable for legs perfusion using extra-
corporeal circulation.

Clinical case

The purpose of our paper is to present a clinical
case of successful two-stage correction of type | aor-
tic dissection using hybrid surgical approach.

A52-years-old womanwas admitted to the Depart-
ment of Cardiovascular Surgery on September 10,
2009 with complaints of restrictive retrosternal pain
associated with minimal physical load, palpitations
and pulsation of the neck vessels. History analy-
sis revealed that the patient had poorly controlled
arterial hypertension for over 20 years (max. BP
190/110 mm Hg). She has considered herself sick
from May 20, 2009, when in the night she suddenly
felt an intensive retrosternal pain irradiating into the
neck and the mandible. After 40 minutes the pain
has been stopped with Nitroglycerin. In-hospital ex-
amination excluded myocardial infarction, EchoCG
revealed severe aortic valve insufficiency. Within
2 weeks after the pain attack her body temperature
remained high — 38°C. Her condition at admis-
sion was severe, with respiration rate at rest — 25/
min. and visible pulsation of the cervical vessels. A
loud diastolic murmur heard over the whole heart,
radiating to the carotid arteries, interscapular
space, as well as a systolic murmur with maximal
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loudness in the 2nd right inter-
costal space were revealed. HR —
50 b/min.. BP in the right arm —
180/70 mm Hg, in the left arm —
160/65 mm Hg.

ECG: sinus bradycardia with
HR 50b/min., transient | degree AV
block (PQ 180-480 msec.), signs of
LV overload and hypertrophy.

EchoCG: the diameter of as-
cending aorta is enlarged up t0 6.0
cm, the aortic root — 5.0 cm. Left
atrium — 3.5 cm, LVEDS — 6.5 cm,
LVESS — 3.9cm, LV EF — 55%. 1st
degree mitral and tricuspid regurgi-
tation. 3rd degree aortic regurgita-
tion. The exfoliation of the aortic
intima is seen immediately after the
aortic valve cusps and extends up
to the brachiocephalic trunk. The
false lumen is significantly larger
than the true one, without signs of
thrombosis.

Coronary angiography, aortog-
raphy: the left main coronary artery,
the LAD and the CxB with irregular
contours. The angiographically in-
tact RCA arises from the false chan-
nel. At the level of the right coronary
sinus there is a large communica-
tion between the aorta and the false
channel, with its lumen extending in
the ascending aorta up to the bra-
chiocephalic trunk ostium.

MHCT of the aorta (Fig.1): dis-
secting aneurysm of the ascending
aorta starting at the root, with multiple
intimal fenestrations at the root level.
Maximal dilatation of the aorta at the
level of the right coronary sinus — 6.0
cm, the diameter of the ascending
aorta — 4.0 cm, of the aortic arch —
2.7 cm, of the descending segment —
2.2 cm. The false lumen starts from
the right sinus of Valsalva, and has a
helix-like course, the RCA arises from
the false lumen. A proximal fenestra-
tion is located near the isthmus, aortic
dissection extends to the level of the
common iliac artery on the left and to
the external iliac artery on the right.
The brachiocephalic trunk and the left
common carotid artery arise at the
border of the false and true lumens, the
dissection does not spread into the proximal segments of
brachiocephalic arteries.

The diagnosis comprised: chronic large dissect-
ing type | aortic aneurysm, starting at the level of the
sinuses of Valsalva, severe aortic valve insufficiency,
arrhythmia (transient 1st degree AV block), 3rd de-

Fig. 2. First stage — surgery. Replacement of the ascending aorta,
reimplantation of aortic arch branches

Fig. 4. Duration of extracorporeal circulation — 184 min.; of aortic
cross-clamping — 125 min.; of circulatory arrest — 31 min.

gree arterial hypertension. The patient was in NYHA
class lll.

The first stage of correction consisted in hybrid
operation for aortic valve replacement with valved
conduit (Figs. 2,3,4), during the second stage left-
sided carotid-subclavian bypass and partial aortic

Clincial Case of Successful Two-Stage Correction of type 1 Aortic Dissection Using Hybrid Surgical

Approach
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Fig. 5. Second stage — left-sided carotid-subclavian bypass grafting,
endovascular grafting of the aortic arch and the descending aorta
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Fig. 7. MHCT-aortography of patient Z. after the 2nd stage of
intervention

arch replacement with an endograft
were performed (Fig. 5).

The first stage (October 4, 2010):
the heart was approached through
median sternotomy. A T-shaped
aortotomy was performed above the
sinoaortic area. The revision showed
the dissection starting from the
level of aortic valve’s commissures,
spreads into the anterior, lateral and
posterior aortic walls involving the
right coronary artery ostium, and
then spreads into the aortic arch in
the shape of atwo-barreled gun. The
button-like isolation of the coronary
ostia was performed for subsequent
implantation. The valve’s cusps
were sectioned. The aortic valve and
the ascending aorta were replaced
by a valved conduit Carbomedics
Inc. (aortic valve prosthesis 25, graft
diameter 28). The right and the left
coronary arteries were reimplanted
onto the conduit. The revision of the
aortic arch revealed that the dissec-
tion spreading in the upper wall of
the aorta, ends by a fenestration at
the level of brachiocephalic trunk;
the dissection involving the poste-
rior and the lateral walls spreads into
the arch and ends in the area of the
left subclavian artery ostium. The
aortic arch branches arise from the
true lumen. The aortic arch was sec-
tioned in oblique way, with the pres-
ervation of the upper wall and a part
of lateral walls. The false lumen was
eliminated and the distal anastomo-
sis line was reinforced with internal
and external padded sutures (the
“layered cake”). The distal anasto-
mosis between the conduit and the
aorta was performed using the open
technique.

The second stage (October 7,
2010): the procedure was per-
formed under endotracheal an-
esthesis. The approach to the left
common carotid artery and the left
subclavian artery was achieved
through the supraclavicular inci-
sion. An “end-to-side” anastomo-
sis was performed between the
subclavian artery and the common
carotid artery. Simultaneously an
introducer was inserted into the
left common femoral artery; on the
right the introducer was inserted
percutaneously. The diagnos-
tic catheters were advanced by
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the guidewires inserted through the introducers
into the thoracic aorta. The position of diagnostic
catheters in the true aortic lumen was confirmed.
A super-stiff guidewire was inserted through the
left diagnostic catheter and positioned in the tho-
racic aorta, and a Gore Tag 34x20 endograft was
advanced by this guidewire. The endograft was im-
planted from the ostium of the left common carotid
artery up to the diaphragm. Neither leakage nor
false lumen filling were seen.

Results of study

The patient’s rehabilitation was achieved within
the shortest term. The patient was discharged at day
5. Postoperative course was uneventful. The patient
has been followed in the long-term (1 month —
1 year), no complications were revealed. Control
MHCT-aortography (Fig. 6) revealed Gore endograft
positioned from the level of the left common carotid
artery to the celiac trunk. The segment of false aortic
lumen, with an entry fenestration, immediately under
the ostium of the left subclavian artery, is filled by
partially thrombotic masses, there is no blood flow in
this segment.

Discussion

Traditional open surgical treatment of type | aor-
tic dissection can leave uncorrected the false lumen
of the arch and the descending thoracic aorta, thus
causing aneurysm progressing up to its rupture, or
distal malperfusion, which is accompanied by high
morbidity and mortality.

The configuration of the thoracic aortic arch and
the design of endografts often require more proximal
zone for endograft fixation. Isolated endovascular
intervention becomes risky due to the danger of
eventual covering of the aortic arch branches with
endograft.

The replacement of the ascending aorta and
the aortic arch with a conduit with supraaortic ves-
sels’ debranching is a safe and effective method for
the treatment of acute as well as of chronic aortic
pathology, provides the creation of an optimal and
safe zone for endograft fixation during endovas-
cular stage of arch and descending aorta replace-
ment, allows for partial solution of the problem of
“oversized” endografts; optimizes the technique
of surgery, significantly decreases the duration of
circulatory arrest and extracorporeal circulation, al-
lows to avoid deep hypothermia, prevents potential
development of proximal endoleak, thus contribut-
ing to low rate of morbidity and mortality.

Hybrid surgical interventions possess all ad-
vantages of endovascular and traditional open

surgery, thus allowing to avoid severe complica-
tions and minimizing the duration of rehabilitation
period. This technique deserves to be included
into the basic arsenal of surgical options used for
revascularization.

In our opinion, hybrid surgery is a transition
stage to the eventual primacy of endovascular in-
tervetions. In the future, the use of fenestrated and
multi-branch endografts could allow to completely
exclude traditional open interventions on the aorta
and its branches.
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Morphogenetic Particularities of Acute Myocardial
Infarction with and without Early Thrombolytic Therapy
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( 1) Sklifosovsky Research Institute of Emergency Medicine,
(2) Moscow City Center of Interventional Cardioangiology, Moscow, Russia

Despite continuous improvement of therapeu-
tic tactics, current mortality from acute myocardial
infarction (AMI) remains high (3, 4). The extent of
AMI being of significant importance for the outcome
depends on the time of blood flow restoration in the
ischemic myocardium and the formation of the col-
lateral flow. This imposes the necessity to achieve
an early and consistent reperfusion in the occluded
vessel, resulting in the decrease of the necrotic area
expansion, the improvement of the blood flow in the
peri-infarction area, the decrease of electrical insta-
bility of the myocardium and the improvement of the
residual left ventricular (LV) function. The results of
different clinical trials suggest that the use of throm-
bolytic therapy (TLT) after AMI allows for a signifi-
cant decrease of the rate of morbidity and mortality
(1, 2, 5, 6). The information concerning the TLT-re-
lated complications — the increased rate of external
heart rupture, intracerebral hemorrhage, bleeding
from the puncture site, allergic reaction to throm-
bolytic agent — is rather abundant (1, 2, 7, 8). It is
worth noting that in any of the analyzed cases we did
not reveal severe TLT-related complications, caused
by the disturbances of rheological properties of the
blood (hemostasis) and playing an important role in
the thanatogenesis. Pathoanatomical particularities
of AMI development and mechanisms of thanatogen-
esis in early reperfusion (RP) for AMI are virtually not
discussed in the literature.

The purpose of our study consisted in the deter-
mination of the influence of early (within 6 hours after
the onset of pain syndrome) TLT on the particularities
of the course of AMI and the development of its lethal
complications.

Material and methods. In order to achieve this
purpose we have studied the results of 230 speci-
mens of hearts of patients who died after AMI with
early TLT (50 cases, TLT group) and without early TLT
(180 cases — non-TLT group) during the period from
2003 through 2010 (145 males, mean age 63,7 years,
85 females, mean age 67,65 years). The groups did
not significantly differ by sex and age, one third of
patients from each group were under 60 years old
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(Tables 1, 2). The material of the study was collected
in the joint prosectorium of the Sklifosovsky Research
Institute of Emergency Medicine, and comprises the
lethal cases from the Institute and from other high-
skilled cardiological departments.

We determined macroscopic localization, sur-
face area and depth of the myocardial infarction (in
planar and transverse sections) and evaluated the
presence of hemorrhagic component (hemorrhag-
es) in the necrotic area. In each case the extent and
the localization of the AMI was analyzed in relation
to the extent and the degree of atherosclerotic
coronary stenosis, the presence of thrombus in the
lumen of the infart-related artery (IRA) and the type
of coronary circulation.

Comparative analysis of lethal cases occurring
after AMI with and without early TLT revealed the fol-
lowing features.

One of the important pathoanatomical macro-
scopic criteria of the TLT effectiveness is the absence
of thrombus in the IRA. Our study has shown a clear
tendency to the decrease of the rate of IRA thrombo-
sis in the TLT group (p<0,05). Average index of the
number of thrombi in the non-TLT group was 65%
(117 of 180), while in the TLT group is was twofold
lower — 34% (17 of 50).

The rate of IRA thrombosis was significantly de-
creased (p<0,05) with the increase of the number of
the involved branches, as well as the involvement of
the middle and distal segments of the coronary ar-
teries (CA) into the atherosclerotic process in both
groups (Fig. 1). In combined atherosclerotic stenosis
of two or three coronary branches the rate of throm-
bosis of the IRA in the non-TLT group (68% of cases,
122 of 80) was 57% (69 of 122). In the TLT group
the rate of AMI developed against the background
of multivessel coronary disease was 64% (32 of 50),
the occluding thrombus in the lumen of one CA was
found only in 38% of cases (12 of 32).

The difference is mostly evident in the presence
of AMI developed in the settings of isolated athero-
sclerosis of one CA. In the non-TLT group such AMI
was revealed in 32% of cases (58 of 180). The rate
of thrombosis of a single involved CA in this group
was 83% (48 of 58). In the TLT group the single-
vessel coronary disease was seen somewhat more
frequently — in 36% of cases (18 of 50), and the rate
of thrombosis of a single involved CA was significantly
lower — 28% (5 of 18).

The second pathological macroscopic criterion of
TLT impact is the presence of a hemorrhagic compo-
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Table 1.
Distribution of cases by sex and age in TLT group
Sex 41 -50 51 -60 61-70 >71 Total
AGc % AGc % AGc % AGc % AGc %
Males 2 4% 8 16% 9 18% 9 18% 28 56%
Females 0 0 6 12% 7 14% 9 18% 22 44%
Total 2 4% 14 28% 16 32% 18 36% 50 100%
Table 2.
Distribution of cases by sex and age in non-TLT group
Sex 41 -50 51 -60 61-70 >71 Total
AGc % AGc % AGc % AGc % AGc %
Males 13 7,2% 35 19,4% 38 21,1% 31 17,3% 117 65%
Females 0 0 18 10% 25 13,8% 20 11,2% 63 35%
Total 13 7,2% 53 29,4% 63 35% 51 28,4% 180 100%
90 -
80
;g T was located transmurally,
50 M somewhat less frequently —
20 +] 77| Subendocardially and subepi-
20 U E”on cardially (Fig. 3). As a rule, the
20 11 r HMI had clear borders, a faint
10 71 pale-yellow peri-infarction
0 A X - area of varying width was seen
23 CA thrombi 1CA thrombi at the periphery of the focus;
non-TLT 68 U 32 83 this zone had rather distinct
TLT 64 38 36 28 boundaries with the preserved

Fig. 1. The rate of stenotic atherosclerosis in thrombosis in the coronary

branches

HM
12%

16%

IMI
72%

Fig. 2. The rate of various forms of myocardial infarction in

the TLT group.

nent (HC) in the myocardial infarction area (within the
central sites of a formed necrotic focus).

The intensity of HC in the myocardial necrotic
focus was different.

The cases with diffusely dark-red coloration of the
necrotic zone appearing within the first hours after
the onset of the disease (min. 2 hours) were consid-
ered as hemorrhagic myocardial infarction (HMI) —
such cases made 12% (6 of 50). Commonly HMI

MI with HC

myocardium.

In 16% of the other cases
(8 of 50) the infarction was rep-
resented by a faint pale-yellow
focus with distinct borders and
multiple merging dark-red hemorrhages — an
ischemic myocardial infarction with hemor-
rhagic component (IMI with HC). Most com-
monly the hemmorhages were revealed in the
peripheral segments of the focus, somewhat
less frequently — in its central area (Fig. 4).

Ischemic myocardial infarction (IMI) was
found in 72% of cases (36 of 50) in the TLT
group (Fig. 5).

Unlike the TLT group, ischemic infarction
(without hemorrhagic component) was found
inall 180 casesin the non-TLT group. Within the
first hours the IMI either could not be revealed
macroscopically, or its area seemed somewhat
paler than the surrounding myocardium. Only by the
end of the first day the infarction’s borders became
relatively distinct, and its color changed to faint pale-
yellow. No hemorrhages were seen neither in the
center, nor at the periphery of the focus.

We analyzed the association of hemorrhagic
component in the myocardial infarction area with
the absence on intracoronary thrombus in the IRA.

Morphogenetic Particularities of Acute Myocardial Infarction with and without Early Thrombolytic
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Fig. 3. Hemorrhagic myocardial infarction

Fig. 4. Ischemic myocardial infarction with
hemorrhagic component

In the TLT group of our series the presence of a HC
in the area of AMI was not always associated with
the absence of thrombus in the IRA. In 12 cases of
AMI with the signs of accomplished RP after TLT
(i.e., with HC of various intensity in the infarction
area) the intracoronary thrombus was absent. Un-
like this observation, in 2 cases of HMI a throm-
bus was present in the lumen of the left coronary
artery.

Fig. 5. Ischemic myocardial infarction

Comparative analysis of AMI-related lethal cases
in both groups says for the tendency to decreas-
ing area of contractile myocardial lesion after TLT
(p<0,05).

Non-extensive (< 30% of the working surface of
the LV) AMI was seen only in 22% of cases (40 of 180)
in the non-TLT group (Fig 6), and in 34% of cases (17
of 50) in the TLT group.

In the non-TLT group, non-extensive AMI was
more commonly associated with atherosclerotic
stenosis of one CA — 67% of cases (27 of 40) with a
lumen-occluding thrombus in 78% (21 of 27). Rarely
severe atherosclerosis of all coronary branches was
revealed in 33% of cases (13 of 40), the frequency of
IRA thrombosis was 59%.

In the TLT group, non-extensive AMI was more
commonly associated with severe atherosclerosis
of all coronary branches — 59% (10 of 17), with a
lumen-occluding thrombus in one half of cases (5 of
10). Atherosclerotic stenosis of one CA in this group
was revealed in 41% of cases (7 of 17), and the rate
of thrombosis was only 29% (2 of 7). The LAD or the
RCA were the most common sites of isolated lesions.

Fatal complications of a non-extensive AMI in the
groups of study were different (Fig.7 A, B).

In the non-TLT group the death was most com-
monly caused by external heart rupture (EHR, 55%,
22 of 40), by decompensation of an important con-
comitant disease, or resulted from thromboembolic
complications (25%, 10 of 40).

Unlike these findings, in the TLT group a non-ex-
tensive AMI most commonly — in 53% of cases — led
to complex heart rhythm and conduction disturbanc-
es (9 cases out of 17), and only in 41% (7 of 17) the
death was caused by EHR or the decompensation of
an important concomitant disease.

A certain tendency towards the increase of life du-
ration was noted in the TLT group.
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TLT gave clinically positive results in 30% of cases
with non-extensive AMI (5). In 3 cases the section re-
vealed a hemorrhagic component of different inten-
sity in the area of AMI without coronary thrombosis.
The death occurred at day 2-9 from the onset of the
disease and the administration of TLT, and was due
to complex rhythm and conduction disturbances or
EHR.

However in 70% of cases on non-extensive AMI,
the TLT did not result in the improvement of the pa-
tients’ condition and positive changes of the ECG
(12). An occluding thrombus in the coronary artery
was found in 7 of these cases, and HMI — in 3. The
patients died within the first hours after the onset of
the disease from EHR and complex rhythm and con-
duction disturbances.

An extensive AMI was found in the majority of the
analyzed cases (Fig. 6). Its surface area varied from
40 to 80% of the working surface of the LV, in cases
of re-infarction the cumulative surface of myocardial
damage was 85-90%. Rather frequently the AMI in-
volved the papillary muscles, less often — the right
ventricular myocardium. This was seen in 78% of
cases in the non-TLT group (140 of 180), and in 66%
(33 of 50) in the TLT group.

The extensiveness of the AMI commonly was
determined by severe atherosclerotic stenosis of
all coronary branches: 78% of cases in the non-TLT

as well as in other branches of the
CA. It is worth noting that an oc-
cluding thrombus was revealed in
the vast majority of cases in the
non-TLT group — 87% (27 of 31),
and only in 27% of cases in the
TLT group (3 of 11).

The character of lethal complications was similar
in the groups with extensive AMI (Fig. 8 A, B). One half
of patnets in both groups died from true cardiogenic
shock (TCS) and acute left ventricular failure (ALVF),
and in the one third of cases — from complex rhythm
and conduction disturbances.

As well as in non-extensive AMI, a certain ten-
dency towards the increased life time was noted.
TLT was clinically effective in 18% of cases (6) of
extensive AMI, the patients’ condition improved, pain
syndrome did not recur, positive ECG changes were
noted. In two of these cases the section revealed a
hemorrhagic component of different intensity in the
infarction area, which is suggestive of the presence
of reperfusion syndrome. In 5 of these cases no in-
tracoronary thrombi were revealed. The patients died
at day 3-12 after TLT, with the signs of rhythm and
conduction disturbances and ALVF caused by the
extensive lesion of the contractile myocardium. Along
with AMI many patients had other, not less severe dis-
eases — cancer, decompensated diabetes mellitus,
chronic pyelonephritis with renal failure — that have
played an important role in thanatogenesis.

In 82% of other post-TLT lethal cases due to ex-
tensive AMI (27) the patients’ condition did not im-
prove and there were no positive ECG changes. The
patients died from ALVF, TCS, complex rhythm and

Morphogenetic Particularities of Acute Myocardial Infarction with and without Early Thrombolytic
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conduction disturbances at day 1-2 A
(22 cases) and at day 3-5 (5 cases) Other
after the onset of the disease. How- e

ever one cannot completely exclude 13% \
the fact of accomplished reperfu- ——
sion, as in 11 of these cases the
section has revealed either the HMI
or the hemorrhagic component of
different intensity within the necrotic
focus; in 9 cases there were no in-
tracoronary thrombi. In another 11
cases the AMI was ischemic, with an
occlusive thrombus present in 4 of
these cases.

Therefore, comparative analysis
of the deaths form AMI with and without early TLT
reveals the following particularities. Firstly, they con-
cern the frequency of IRA thrombosis with a clear ten-
dency towards the decrease of the number of thrombi
in the TLT group (p<0,05). Thus, the average rate of
thrombosis in the non-TLT group was 65%, while in
the TLT group — only 34%. This difference is mostly
evident in the cases of AMI developed in the settings
of isolated atherosclerosis of one CA. The rate of
thrombosis in the non-TLT group was 83%, while the
TLT group demonstrated an abrupt decrease of this
value — 28%.

Another important distinguishing feature of the
accomplished reperfusion (RP) is the presence
of hemorrhagic component in the infarction area.
Its intensity can be different. A bright earmark of
reperfusion after TLT is diffuse hemorrhagic imbibi-
tion of the necrotic focus, it becomes dark-red and
acquires the character of a hemorrhagic Ml. We did
not find HMI in the non-TLT group. In the TLT group
HMI was found in 12% of cases. In 16% of cases the
hemorrhages in the central parts of necrosis were
focal and of different intensity. However in 72% of
cases there were no focal hemorrhages within the
IMI.

The presence of hemorrhagic component is not
always associated with the absence of a thrombus in
the IRA. Thus, in 3 cases the HMI developed in the
presence of a thrombus in the left main coronary
artery, which, probably, is suggestive of a temporal
antegrade reperfusion and (or) is a result of collateral
blood flow. Evidently, the opinion on blood flow resto-
ration in the area of IMI after TLT should be based on
the analysis of clinical parameters, such as positive
dynamics of the course of AMI and regular deteriora-
tion of patients’ condition as a result of reperfusion
syndrome.

An extensive AMI was revealed after TLT in 66% of
cases (with all CA involved — 67%, with a single-ves-
sel disease — 33%), which is consistent with the data
in the non TLT group (with all CA involved — 78%, with
a single-vessel disease — 22%). The mechanisms
of thenatogenesis were not significantly different.
In both groups the extensive AMI was most commonly
complicated by the true cardiogenic shock and acute

Rhythm fnd conduction
disturbances, 31%

TLT (B) groups

True cardiogenic shodk,

Aate LV f‘a:lufe. 16%

B.  Other

canses of True cardiogenic shock,

40% death, 6% 129

\
Rhwthm and conduction Acute LV hl}uﬂ. 52%

disturbances, 30%

Fig. 8. Lethal complications of extensive AMI in the non-TLT (A) and

left ventricular failure, and in one third of cases by
complex rhythm and conduction disturbances.
Some data are suggestive of a tendency to-
wards the increase of cases of AMI with a small
surface area (up to 30% of the working surface of
the LV). Thus, in the TLT group there were 34% of
small AMI, and in the non-TLT — 22%; this could
occur in the presence of three-vessel disease as
well as in isolated atherosclerotic lesion of one CA.
In such cases the mechanisms of thanatogenesis
are significantly different. Thus, in the non-TLT
group the most common cause of death was exter-
nal heart rupture (55%) followed by decompensa-
tion of a concomitant disease (25%), while in the
TLT group the most important cause of death was
severe rhythm and conduction disturbances (53%,
9 out of 17 non-extensive AMI), and external heart
rupture occurred only in 28% of cases (5 of 17).
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Clinical Case of a Successful Endovascular Management of

Pulmonary Bleeding

E.R. Khayrutdinov’, A.V. Arablinsky, V.N. Yakovlev.

Botkin City Clinical Hospital of Moscow Healthcare Department, Chair of therapy and adolescent medicine of
Russian Medical Academy of post-graduate education, Moscow, Russia

The treatment of pulmonary bleedings is a complex and thrilling problem of modern surgery. The development
of endovascular surgery allowed for the introduction of new methods for minimally invasive management of
this pathology. The right choice of embolization technique, embolizing material, as well as the knowledge of
anatomical particularities of pulmonary blood supply form the basis of successful management of these se-
verely ill patients. This review gives an example of successful endovascular embolization of the left bronchial
artery with polyvinyl alcohol particles in a patient with massive pulmonary bleeding.

Keywords: pulmonary bleeding, bronchial artery, polyvinyl alcohol particles.

Massive pulmonary bleeding is a serious medical
problem associated with high mortality. Depending
on the etiological cause, pulmonary bleeding -re-
lated mortality varies from 35 to 85%. The death from
pulmonary bleeding is rarely caused by blood loss, in
most cases it is related to blood asphyxia. Pulmonary
bleeding is considered massive if 24-hours blood loss
exceeds 300 ml (1-3). In the absence of etiotropic
therapy pulmonary bleeding has recurrent character
and is associated by 50% mortality within 6 months
(4). The results of surgical treatment of this pathol-
ogy remain unsatisfactory, in case of urgent surgery
the mortality is as high as 40%. We present a case of
successful endovascular management of pulmonary
bleeding.

Patient B., male, aged 25, was admitted to Bot-
kin City Clinical Hospital on October 18, 2008, with
hemoptysis. Chest X-ray examination revealed
foci-like shadows in the lower lobe of the left lung.
Clinical picture and chest X-ray data gave the basis
for differential diagnosis between tuberculosis and
pneumonia of unclear etiology. Fiberoptic bronchos-
copy (FBS) performed on the same day because of
repeated pulmonary bleeding revealed a hemorrhage
from the lumen of the left lower lobe bronchus. The
bleeding was stopped by bronchus irrigation with
aminocaproic acid and Etamsylate solution. However,
in several hours the patient had recurrent pulmonary
bleeding. Control FBS showed recidivating bleeding
from the left lower lobe bronchus; repeated attempts
of bronchus irrigation with hemostatic solutions were
unsuccessful, and for this reason bronchus tampon-
ade has been performed. The patient was transferred
to the intensive care unit and mechanical lung ventila-
tion (MLV), antibacterial and infusion therapies were
initiated. General blood count revealed a decrease of
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hemoglobin concentration to 79 g/I, and in this con-
nection erythrocyte mass transfusion was started.
During the next three days the patient had several
episodes of recurrent pulmonary bleeding, which
required FBS and endoscopic hemostasis. Control
chest X-ray revealed single foci-like shadows in both
lungs. Computed tomography (CT) of thoracic organs
revealed homogenous infiltration of both lungs’ lower
lobes. The diagnosis of bilateral aspiration pneumo-
nia was made and antibiotic therapy with Tienam and
Ciprofloxacin was started. Taking into account recur-
rent character and unclear etiology of pulmonary
bleeding, as well as short-time effect of endoscopic
hemostasis during FBS, it was decided to perform
angiopulmonography and angiography of the bron-
chial arteries in order to find the source of bleeding
and decide on the method of its embolization.

During angiopulmonography there were no evi-
dences of contrast medium extravasation into the
lung parenchyma (Fig. 1). Angiography of the de-
scending thoracic aorta revealed a pathological arte-
rial network from the left bronchial artery (Fig. 2).

Selective angiography of the left bronchial artery
showed the increase of its diameter, with hypervascu-
larized area and contrast medium extravasation into
the parenchyma of the left lung’s lower lobe (Fig. 3).

The left bronchial artery was embolized with
polyvinyl alcohol (PVA) particles (500 pc). Control
angiogram did not reveal signs of contrast medium
extravasation, total occlusion of the left bronchial ar-
tery was achieved (Fig. 4).

After the procedure the patient remained se-
verely ill because of respiratory failure against the
background of bilateral pneumonia, but pulmonary
bleeding did not recur. FBS did not reveal signs of
continuing bleeding. The results of laboratory exami-
nations allowed to exclude pulmonary tuberculosis,
however, the discovery of worms in patient’s feces
did not allow to exclude parasitic etiology of his pneu-
monia. Scatology revealed the presence of Ascaris
lubricoides eggs. Antibiotic therapy with Tienam and
Ciprofloxacin was suggested. Taking into account the
revealed ascariasis, the therapy was supplemented
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Fig. 1. Angiopulmonography
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Fig. 3. Angiography of the left bronchial artery

by anti-worm agent Mebendazol. This therapy led
to the stabilization of patient’s condition. In 5 days
after the embolization of the left bronchial artery he
was extubated, pulmonary bleeding did not recur.
Chest X-ray examination performed in 2 weeks after
the embolization revealed the resolution of bilateral
pneumonia. The patient was discharged in a satisfac-
tory condition.

We present a case of successful endovascular
treatment of pulmonary bleeding. Bronchial arter-
ies are the source of pulmonary bleeding in more
than 90% of cases. The bleeding from the pulmo-
nary arterial system (e.g., pulmonary arteriovenous
malformation, pulmonary endometriosis, pulmonary

Fig. 2. Angiography of the descending thoracic aorta
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Fig. 4. Total embolization of the left bronchial artery
with PVA particles.

arterial aneurysm, etc.) is rare and occurs in approxi-
mately 5%. In the remaining 5% of cases the source
of bleeding is not found in bronchial systemic collat-
eral arteries. It can be located in the internal thoracic
artery, the thyrocervical trunk of the subclavian ar-
tery, the lateral branches of the subclavian and axil-
lary arteries, the intercostal arteries and the inferior
diaphragmatic artery (5, 6). In most cases pulmonary
bleeding is caused by acute or chronic inflammatory
lung disease. Etiological causes of pulmonary bleed-
ings are presented in Table 1.

Pulmonary blood flow in patients with acute or
chronic pulmonary diseases is decreased due to
hypoxia-caused vasoconstriction, thrombosis and

Clinical Case of a Successful Endovascular Management of Pulmonary Bleeding
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vasculitis at the level of pulmonary arterioles. This
leads to the growth and the enlargement of bronchial
arteries aimed at the compensation of decreased
pulmonary blood flow. Bronchial arterial blood flow in
patients with bronchoectatic pulmonary disease can
reach up to 30% of the cardiac output (7). The impact
of increased blood pressure and bacterial agents on
the bronchial arteries contributes to their rupture and
subsequent pulmonary bleeding (2, 8).

Chest X-ray, FBS and CT are the main methods
for the diagnostics of pulmonary bleeding. In most
cases chest X-ray examination allows to reveal some
pulmonary disease, but does not detect the source
of bleeding. FBS is the main diagnostic procedure in
patients with pulmonary bleeding. It allows to find the
source of bleeding in 93% of cases. However, the di-
agnostic value of FBS in patients without any pathol-
ogy revealed by chest X-ray is significantly reduced
(0-30%). The advantage of bronchoscopy consists
in the feasibility of local application of hemostatic
agents to stop the bleeding. The examination with CT
allows to reveal simultaneously bronchopulmonary
and vascular pathology, thus CT is the method of
choice for the diagnostics of pulmonary bleeding. It

allows to detect the source of bleeding in 63-100%
of cases (1, 9).

Angiography of the bronchial arteries is the final
step in the diagnostics of the source of pulmonary
bleeding prior to embolization. The main distinctive
angiographic features of bronchial arterial pathol-
ogy in pulmonary bleeding are: the enlargement
of the main trunk of the bronchial artery (>3 mm),
the hypervascularization of the pathological focus
area, the impregnation of parenchyma with con-
trast medium and the presence of bronchopulmo-
nary shunts.

Virtually in all cases bronchial arteries arise from

the thoracic aorta at the level of T4-T7 vertebrae
(10, 11), in 90% of cases their origin is located at the
level of the intervebral disc between the T5 and T6
vertebrae. Bronchial arteries supply the trachea, the
bronchi, regional lymphatic nodes, the pleura and the
esophagus.
There are 4 main types of bronchial arteries origin
(2):
+ Type 1: two bronchial arteries arise to the left,
and one — to the right of the aorta (intercostal bron-
chial trunk) — is seen in 40% of cases.

Table 1.

Etiological causes of pulmonary bleeding

Infection:

» Bronchoectatic disease
* Pneumonia

« Chronic bronchitis

» Lung abscess

» Aspergillosis, mycetoma
» Ascariasis

» Tuberculosis

- Cystic fibrosis

Tumors:

+ Adenocarcinoma

» Bronchus adenoma
» Bronchus carcinoid
+ Endometriosis

+ Metastases in lungs

Cardiovascular diseases:

« Severe left ventricular failure

+ Mitral stenosis

» Pulmonary arterial thromboembolism
+ Aortic aneurysm

* Pulmonary arterial aneurysm
 Arteriovenous malformation

- Yatrogenic causes (e.g., damage by Swan-Ganz catheter)

Vasculites:

» Wegener’s disease

« Systemic lupus erythematosis
« Goodpasture’s syndrome

Idiopathic pulmonary hemosiderosis

Aspiration of a foreign body

Lung trauma (contusion)

Use of anticoagulant agents, thrombolythic therapy

(Ne 26, 2011)



Miscellaneous

« Type 2: one bronchial artery arises to the left,
and one intercostal bronchial artery — to the right of
the aorta — in 20% of cases.

+ Type 3: two bronchial arteries arise to the left,
and one bronchial and one intercostal bronchial ar-
tery — to the right of the aorta — in 20% of cases..

« Type 4: one bronchial artery arises to the left,
and n one bronchial and one intercostal bronchial
artery — to the right of the aorta — in 10% of cases.

However there are many variants of bronchial ar-
teries origin. They can arise from the aortic arch, the
internal thoracic artery, the thyrocervical trunk, the
left subclavian artery, the inferior thyroid artery and
the abdominal aorta (11). Bronchial arteries have a
lot of collaterals with other anatomic areas, which has
to be taken into consideration while performing the
embolization. The most important are the collaterals
to the anterior cerebral artery supplying the spinal
cord, the right and the left subclavian arteries and the
right coronary artery.

The embolization of a bronchial artery was first
described by Remy (12) in 1970, and with the course
of time became the generally adopted method for the
treatment of massive pulmonary bleeding (13-16).
Technical improvements in catheters’ design and
production methods, as well as in embolizing mate-
rials have contributed to the enhancement of safety
and availability of this procedure. The search of the
source of pulmonary bleeding during angiographic
examination should be started with thoracic angiog-
raphy. At the next stage selective catheterization of
bronchial arteries is performed. It can be done with
the use of catheters like Cobra, Simmons, Mammary,
Multi-purpose, as well as of special catheters for
bronchial arteries. If lateral branches arising from the
bronchial artery supply other anatomical areas, su-
perselective embolization using microcatheter is per-
formed, because the embolization of these branches
can lead to complications.

Hemostatic sponge, microspheres and coils can
be used as embolization material. The main advan-
tage of a hemostatic sponge consists in its availability
and low cost. However with the course of time the
sponge resolves which can lead to recanalization of
the embolized vessel and recurrent bleeding. Thus,
hemostatic sponge can be used only for temporary
bleeding control. The most frequently used embo-
lizing material are PVA particles. Being biocompat-
ible and non-biodegradable they provide long-term
hemostasis (17). Recently it was suggested to use
for this purpose the embospheres produced on the
basis of triacryl gelatine, however the experience
with the use of this material for bronchial arteries
embolization is still limited. The main advantage of
embospheres over the PVA particles consists in their
better penetrating capacity and the lack of propensity
for clots formation due to particles’ glueing, which is
especially important with the use of microcatheters.
As a rule, bronchial embolization is performed using
particles of 350 — 700 uc; the use of smaller par-

ticles is undesirable as it can lead to the embolization
of branches supplying healthy tissues. Metallic and
plastic coils are seldom used as primary material for
bronchial arteries embolization. Itis related to the fact
that they cause proximal occlusion of the vessel with
subsequent development of collaterals to the dam-
aged area and recurrent bleeding. The presence of
bronchial arterial aneurysms is main indication for the
use of coils (18, 19).

Embolization of bronchial arteries is a high-effec-
tive procedure for the treatment of acute pulmonary
bleeding. Its one-month effectiveness is 73 to 98%
(12, 20, 21). The rate of late pulmonary bleeding
recurrence can reach 52%, however, with the use of
repeated embolizations and the treatment of the un-
derlying disease the success rate is close to 100%.
The most frequent causes of pulmonary bleeding re-
currence are recanalization of the embolized vessel,
incomplete primary embolization of the sick vessel,
the development of new collaterals and the progress-
ing of the underlying disease (22). The frequency of
recurrent pulmonary bleeding also depends on its
etiological cause, most frequently they occur in pa-
tients with cancer and chronic tuberculosis.

The most frequent (24-91%) complication of
bronchial arteries embolization is chest pain related
to the ischemia of the embolized branches of the
bronchial artery. However, it can be more pronounced
after embolization of the intercostal arteries’ branch-
es. The second most frequent complication, occur-
ring in 0,7 — 18,2% of cases, is dysphagia related to
the embolization of esophagus-supplying branches
(23). As a rule, the symptoms resolve spontaneously
within several days. Spinal cord ischemia occurring
in 1,4 — 6,5% of cases is the most severe complica-
tion of embolization of the bronchial arteries. There
are reports of rare complications, such as bronchus
necrosis, unilateral phrenoplegia, bronchus stenosis,
infarction lung pneumonia. Eventual ways for the de-
crease of the risk such complications consist in the
use of superselective embolization technique with
microcatheters and the due choice of embolization
materials.

Thus, embolization of the bronchial arteries is the
method of choice for the treatment of patients with
acute pulmonary bleeding. The knowledge of ana-
tomical particularities of the bronchial arteries and their
collaterals, the due choice of the technique and the
material for embolization form the basis for successful
embolization in patients with pulmonary bleeding.
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