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Outcome of stenting with BX Sonic and BX Velocity stents (Cordis, Johnson & Johnson)
in patients with various forms of CAD

Coronary stenting has become the leading method
for the treatment of coronary artery disease.
Myocardial reperfusion due to stenting doubtlessly
improves the clinical course of the disease, as well as
the immediate and the long-term outcome in the
majority of cases. At the same time, the long-term in-
stent restenosis remains an undesirable adverse
event of stenting. The incidence of in-stent restenosis
varies depending on each of the stents available.
Practical implementation of drug-coated stents sub-
stantially decreased the rate of such undesirable com-
plications, however, the problem of in-stent restenosis,
though to a smaller extent, still exists, and the cost of
drug-coated stents is extremely high and significantly
exceeds the cost of bare metal stents. Consequently,
the majority of healthcare institution can not refuse
from bare metal stents. Thus, the outcome of stenting
with various stents has to be thoroughly evaluated in
order to define the place for each stent in coronary
stenting in every single case. 

Thousands of different stents have been implanted
in the Moscow City Center of Interventional
Cardioangiology. This article is to outline our own
experience with BX matrix coronary stents, which
were implanted in a single institution and, mostly, by
the same specialists and according to a standard pro-
tocol, which, in our opinion, increases the homogene-
ity of the results due to a unified tactics and methods
of patient selection, technical aspects of the endovas-
cular procedure and further medical therapy, estab-
lished in the Center. 

According to the protocol, adopted by the Center,
all patients after coronary stenting should undergo fol-
low-up examination, including selective coronary
angiography, at 6 moths postoperatively. This provides
information on both the immediate outcome of stenting
and the long-term changes in the patient’s condition
and coronary arteries.

Purpose of the study was to assess the immediate
and the mid-term results of coronary stenting with BX
matrix stents of identical design: BX Sonic and BX
Velocity (Cordis, Johnson & Johnson, USA). BX stents
are fashioned from 316L medical steel using laser pro-
cessing from a whole steel tubing of certain diameter
followed by electronic polishing. The stent element is

the so-called “closed type” cell, meaning that the ele-
ments form closed or “closed-loop” cells (see Fig. 1).
The stents only differ in the delivery system: thus,
Raptor balloon catheter is used as a delivery balloon
for BX Velocity stent, whereas BX Sonic stent is
implanted using U-Pass system. The stents have
identical range of lengths and diameters: diameter of
2.25, 2.5, 2.75, 3.0, 3.5 or 4.0 mm (excluding BX
Velocity sent with maximum diameter of 5 mm); length
of 8 to 33 mm with 5 mm increments. The nominal size
is achieved by inflation of the delivery balloon at 10-12
atmospheres (rupture pressure 16 atmospheres). The
distal end profile in the stent delivery system is 2.7 Fr.

Clinical data of patients: a total of 2130 stents
were implanted in the Moscow City Center of
Interventional Cardioangiology between January 2000
and March 2005, including 701 BX stents (176 BX
Velocity stents and 525 BX Sonic stents) implanted
into 667 native coronary arteries of 561 patients for
primary (de novo) atherosclerotic stenosis. Apart of
the above mentioned BX stents, 112 stents of another
type and manufacturer were implanted into 104 coro-
nary arteries in 81 of the 561 patients (comprising
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Outcome of stenting with BX Sonic and BX Velocity stents (Cordis, Johnson & Johnson)
in patients with various forms of CAD

14.4%). Clinical manifestations, medical history and
laboratory findings in the evaluated patients are sum-
marized in Table 1. Mean age of patients was 58±12.4
years (range 32 to 83 years), the vast majority of
patients were men – 472 (84.1%). The cause for
examination and treatment was mostly angina pec-
toris of various NYHA class – 350 cases (62.4%);
unstable angina was diagnosed in 138 (24.6%)
patients; myocardial infarction – in 73 (13%). In 43
patients with MI the endovascular procedure was per-
formed within the first 6 hours after the onset of MI, the
remaining 30 patients had their stents implanted with-
in 14 days after MI. 

Diagnostic coronary angiography and endovascu-
lar repair were performed according to standard pro-

cedure. Angiographic findings were quantified using
Hicor software of Coroscop Classic angiography unit
(Siemens, Germany) and Axiom Artis FC unit. Results
of the selective coronary angiography and endovascu-
lar procedures are shown in Table 2.

Stent deployment was performed at pressure equal
or exceeding the nominal value as stated in compli-
ance table and needed to achieve the proper stent
diameter and reduce the residual stenosis. The proce-
dure was qualified as successful and non-complicated
if: 1) the residual stenosis was ≤20% of the referent
diameter of the target segment; 2) TIMI 3 antegrade
flow was achieved; 3) there were no signs of threat-
ening dissection, and 4) no occlusion of a significant
side branch was present. The absence of recurrent
MI, serious rhythm disorders, clinical signs of heart
failure, procedural complications at the approach site
and other complications (bleeding necessitating blood
transfusion or surgical intervention), absence of the
need for repeated revascularization was defined as
uneventful recovery during in-hospital stay.

Follow-up examination, including selective coro-
nary angiography and ventriculography, was per-
formed at 7.8±2.4 months (mean) postoperatively in
329 patients (58.6%) (patients from other cities usual-
ly didn’t arrive at the examination, as did the patients
with good state of health; certain patients didn’t
achieve the follow-up time point by the moment of
publication). Analysis of the long-term outcome includ-
ed mortality rate, MI rate, angina recurrence, repeated
revascularizations in the target artery. Follow-up study
provided information on 389 stents (87 BX Velocity
stents vs 302 BX Sonic stents). A stenosis of the artery
within the stent (in-stent stenosis) or in adjacent seg-
ments (in-segment stenosis) as ≥50% from the refer-
ence diameter was judged as restenosis. Occlusion
was defined as the absence of antegrade flow (TIMI 0)
distal to the stent.

Statistical analysis was performed using
Spearman’s rank correlation test, Mann-Whitney test
(for non-parametric comparison of the mean values)
and Wilkokson test (for paired non-parametric com-
parison of the mean values) to assess statistical sig-
nificance of the difference between follow-up and
baseline values.

Results and discussion: immediate angiographic
success was achieved in 692 (98.7%) of 701 stenting
attempts. Similar results were obtained by A. Kastrati,
who compared outcome of stenting with five different
stents (1). An optimal effect in the remaining 9 (1.3%)
cases was unattainable due to flow-compromising
threatening circular dissection at the distal end of stent
in 5 cases; occlusion of a major side branch with inef-
fective recanalization attempt and subsequent MI in 2
cases; no-reflow effect in another 2 cases (in both
cases the intervention was performed in acutely
occluded infarct-related coronary artery against the
background of AMI). Of the 507 (72.3%) attempts of
direct stenting 493 cases (97.2%) were successfully
completed. Of the 14 failures to advance stent through
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Table 1. Clinical manifestations, medical history and laboratory find-
ings of patients (n=561).

Parameter Number

Mean age 58±12.4 years

Men 472 (84.1%)

Basic diagnosis:

Class 2-4 angina 350 (62.4%)

Unstable angina 138 (24.6%)

MI 73 (13%)

LVEF ≤40% 70 (12.4%)

Diabetes mellitus 68 (12.1%) 

History of MI 327 (58.3%) 

Hypertension 494 (88.1%)

Excessive body mass 17 (3%)

Smoking 343 (61.1%) 

Dyslipoproteinemia 328 (58.5%)

Family history of CAD 201 (35.8%)

Parameter BX Velocity BX Sonic Ð

2-vessel or multi-vessel disease 47 (32,6%) 133(31,9%) NS

Location of stenosis:

LAD 87(49,4%) 279(53,1%) NS

LCx 20(11,4%) 72 (13,7%) NS

RCA 50(28,4%) 137(26,1%) NS

DA or MA 19(10,8%) 37 (7,1%) NS

Mean referent diameter at the site of
endovascular repair (mm) 2,87±0,41 2,98±0,57 NS

Mean stenosis degree (%) 80,2±16,7 78,4±11,3 NS

Minimum lumen diameter at the site of
stenosis prior to the procedure (mm) 0,68±0,29 0,7±0,31 NS

Mean lumen diameter at the site of the
intervention after repair (mm) 3,06±0,46 3,01±0,32 NS

B2/C baseline stenosis type 115(65,3%) 360(68,6%) NS

Chronic total occlusion 20 (11,4%) 47 (9%) NS

Acute occlusion 8 (4,5%) 32 (6,1%) NS

Mean stenosis length (mm) 14,2±5,7 13,1±6,6 NS

Lumen diameter at the site of interven-
tion after repair (mm) 3,3±0,12 3,01±03,56 NS

Table 2. Results of the selective coronary angiography, left ventricu-
lography and endovascular procedures.
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stenosis without predilation, 6 (1.2%) cases were with
BX Veloñity stents and 8 (1.6%) – with BX Sonic
stents. The high per cent of successful direct stenting
emphasizes the high patency rate of low-profile stent-
delivery system complexes, which coincides with the
results of Serruys P. et al (2), who assessed direct
stenting. The high patency rate of ÂÕ stents were also
documented in the article by Wei-Chin Hung et al.,
who analyzed the results of direct stenting of mamma-
ry bypass grafts (3). Interestingly, the low construction
profile is accompanied by optimal visualization of
stents, allowing for successful positioning of stent dur-
ing implantation, clear detection of stent during follow-
up examination, in addition, stent design and its opac-
ity helps a specialist to assess the lumen and the
blood flow within the stent. During stent placement
there were no cases of stent dislocation or delivery
balloon rupture, which provided predictable outcome
of the procedure as regards to its technical aspect.
Clinical and angiographic results during hospital stay
are summarized in Table 3.

Table 3. Immediate angiographic and clinical results of stenting in stud-
ied population.

There were 3 deaths during hospital stay (0.5%). In
one patient with a Q-wave anterior MI causing cardio-
genic shock, despite successful LAD reperfusion with-
in the first 6 hours, the death occurred due to progres-

sive left ventricular failure. In two other cases (0.36%)
the death was due to acute stent thrombosis within
first hours after the procedure causing drug-resistant
cardiogenic shock in patients with severe myocardial
dysfunction (LVEF≤40%) and a three-vessel disease.

Serious complications at the arterial puncture site
(1.4%) included retroperitoneal and subcutaneous
hematoma necessitating blood transfusion in one
case; pulsatile hematoma in 6 other cases (surgery
was required in only one patient, 5 remaining patients
were managed by repeated compression at the punc-
ture site). A single case of acute thrombosis of the
femoral artery at the puncture site was underwent sur-
gical correction.

Uneventful recovery during hospital stay was
observed in 95.4% of cases.

As stated above, follow-up examination was per-

formed in 329 patients, that is, 58.6% of all stented
patients included in this study. Angiographic assess-
ment of 389 stents (87 BX Velocity stents vs 302 BX
Sonic stents) was performed. Clinical improvement
defined as the decrease of NYHA angina class by 1-2
points was found in 266 (80.9%) of the 329 patients
studied. Postoperative need for antianginal agents
(beta-blockers, nitrates) was observed only in 41.8%
of patients, however, there were no significant
changes in the dose of ACE inhibitors, calcium chan-
nel blockers or diuretics. The rate of “major” cardiac
events (death, unstable angina, non-fatal MI) during
follow-up was 11.1%. Clinical presentations and histo-
ry in the long-term period are shown in Table 4. 

Table 4. Clinical presentations and history in the control group (n=329).

Table 5 shows the results of follow-up selective
coronary angiography.

Table 5. Mid-term findings on follow-up coronary angiography after
stenting in general population of patients (n=329).

Comparison of the two stents (BX Sonic and BX
Velocity) showed no significant changes in values,
such as the in-stent restenosis or occlusion. Mid-term
follow-up selective coronary angiography in the gener-

al population of patients showed the rate of in-stent
restenosis and restenosis of the adjacent segments
(+5 mm) to be 36.3%, while the rate of in-stent occlu-
sion was 2.5%. 

We performed correlation analysis (using
Spearman’s rank correlation test) to detect baseline
clinical, history and angiographic factors affecting the
clinical course in general, as well as the stent and ves-
sel condition in particular. We found significant corre-
lation between the unfavorable long-term outcome of
stenting (restenosis or occlusion) and the vessel
lumen diameter (R=-0.302; p<0.03); stenting site
(namely the LAD origin and proximal segment
(R=0.280; p<0.04); morphologically complicated

INTERVENTIONAL CARDIOLOGY

12 (¹ 10, 2006) 

Parameter Number

Angiographic success 692 (98.7%)

Direct stenting 507 (72.3%)

Arterial lumen diameter at the site of intervention after
the repair (mm) 3.02±0.32

Uneventful recovery 535(95.4%)

Complications:

Q-wave MI 4(0.7%)/2(0.4%)

Hospital mortality 3(0.5%)

Repeated endovascular procedures 10(1.8%)

Vascular events 8(1.4%)

Acute psychosis 1(0.2%)

Parameter Number of patients

Mortality 2 (0.6%)

Non-fatal MI 13 (4%)

Q-wave MI 9 (2.7%)

Non-Q-wave MI 4 (1.2%)

Unstable angina 21 (6.4%)

Repeated PTCA 117 (35.6%)

Repeated stenting 12 (3.6%)

Coronary bypass grafting 4 (1.2%)

Parameter BX Velocity BX Sonic Ð

In-segment restenosis 32 (36.8%) 108 (35.8%) NS

In-stent restenosis 29 (33.3%) 96 (31.8%) NS

Diffuse restenosis 18 (20.7%) 56 (18.5%) NS

Local restenosis 11 (12.6%) 40 (13.2%) NS

In-stent occlusion 2 (2.3%) 8 (2.6%) NS



Outcome of stenting with BX Sonic and BX Velocity stents (Cordis, Johnson & Johnson)
in patients with various forms of CAD

lesion at baseline (type Ñ) (R=0.270; p<0.04). There
was also a trend towards significant correlation
between the restenosis and the length of stent (over
13 mm) (R=0.245; p<0.072). 

According to the results of the correlation analysis
we divided patients between two groups. The first
group («high risk» group) included patients with stents
(n=133) implanted into the origin or proximal segment
of LAD and patients with type Ñ lesion or vessel lumen
diameter below 3.0 mm. The second group was com-
prised of patients with stents (n=55) implanted into
RCA, LCx, or LAD middle segment, as well as patients
with type À-Â1 lesion and vessel lumen diameter over
3.0 mm. There were no significant differences
between the groups in other clinical and history
parameters. The examination revealed, that the rate of
unfavorable mid-term angiographic outcome (resteno-
sis or occlusion) in the first group («high risk» group)
was 51.4% vs 8.6% in the second group (ð<0,002)! 

Conclusion: BX Velocity and BX Sonic matrix
stents (Cordis, USA) ensure optimal immediate angio-
graphic outcome in the vast majority of patients
(98.7%). Today, when the drug-coated stents, provid-
ing lower restenosis rate as compared to usual matrix
stents, are used extensively, the role of the latter in
management of coronary artery disease becomes par-
ticularly questionable: the question is whether one
should completely refuse the non-coated stents or
they can be successfully used in particular situations
under strictly selected indications. The study showed,
that the non-coated BX stents can be recommended
for type À-Â1 lesions in RCA, LCx and LAD middle
segment with vessel lumen diameter above 3.0 mm,
good immediate effect and mid-term outcome (in-stent
stenosis rate of 8.6%), whereas, when used for proxi-
mal LAD stenosis (type Ñ), these stents give poor
long-term outcome (in-stent stenosis rate of 51.4%),
indicating, that other stents, possibly drug-coated, are
required in such situations. A number of cooperative
studies showed, that the long-term rate of in-stent
restenosis after implantation of drug-coated stents is
around 6-9%. Correspondingly, the results in the sec-
ond group of patients are comparable with those of
drug-coated stents. This suggests that, in certain
cases, bare metal stents can be used instead of
expensive drug-coated stents. 
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Abbreviations: 
mRNA — messenger ribonucleic acid, 
MAPK — mitogen-activated protein kinase, 
ISR — in-stent restenosis, 
PDGF — platelet-derived growth factor, 
MPA — mycophenolic acid, 
CD — Cluster Designation 

Commercial success of the companies which have
developed and introduced drug-eluting stents
(Sirolimus- and Paclitaxel-eluting stents) stimulated
similar research performed by other companies. Some
of these studies investigated the synthesis of
rapamycin derivatives: everolimus and ABT-575 (1, 2,
3, 4, 5, 6, 7). Everolimus (40-O-(2-hydroxyethyl)-
rapamycin), which belongs to the macrolides, has
complex molecular structure: C53H83NO14 (6). As with
rapamycin, the receptor everolimus is the intracellular
protein FKBP12 (6). Like sirolimus, oral everolimus
causes immune suppression (7), and inhibits vascular
smooth muscle cells proliferation and neointimal for-
mation in rabbits with stented arteries (3). These data
provided basis for the first blinded randomized study
of everolimus-eluting stents (4). The study included 42
patients (27 patients with coated stents and 15 with
ordinary stents) (4). No significant difference was
found in incidence of restenosis and unfavorable out-
comes between the two groups during the 1-year fol-
low up. This was probably due to the insufficient sam-
ple size (n = 42) (4). Yet, ultrasound examination per-
formed 6 months after stent implantation showed that
everolimus significantly (p<0.001) delayed neointimal
formation (4). The authors made conclusions regard-
ing the safety and antistenotic effect of everolimus-
eluting stents (4). These findings were confirmed in
more recent studies by the same authors (2).
Multicenter randomized placebo-controlled trials are
being planned for final determination of the clinical effi-
ciency of the above mentioned stents (2).

ABT-575 (40-epi-(N1-tetrazolyl)-rapamycin) is a
semi-synthetic rapamycin derivative with a more com-
plex molecular structure as compared with the parent
compound (C52H79N5O12) (5, 8). It has been deter-
mined that the receptor for the ABT-575 is the intra-
cellular protein FKBP12 (8). ABT-575 inhibits prolifer-

ation of isolated smooth muscle cells (8). ABT-575-
eluting stents suppress neointimal formation in
porcine coronary arteries (1). The results of the first
clinical trial evaluating ABT-575-eluting stents have
been published (9). This study included 100 patients
(9). After a four month follow-up the authors made a
conclusion regarding the safety of these stents (9).
Results of multicenter study ENDEAVOR II, which
included 1200 patients, and ENDEAVOR III study,
which involved a comparative analysis of Cypher
stents and ABT-575-eluting stents have not been pub-
lished yet (9).

Numerous research and clinical centers are cur-
rently developing the stents that elute (from Latin elure
= to elute, to wash out (10)) compounds that are prin-
cipally different from rapamycin and Taxol. The high
interest for the development of new stents is primarily
due to commercial reasons, because stenting is an
increasingly popular procedure in clinical practice, and
the stent market grows every year. According to P.A.
Lemos et al. (11), approximately one million patients in
the USA undergo coronary angioplasty annually. Drug-
eluting stents are implanted in about 80% of these pro-
cedures, approximately 1.5 stent per patient. Besides,
sirolimus- and paclitaxel- eluting stents do not provide
universal solution to the problem of in-stent restenosis
(ISR). Thus, new and more efficient stents than those
currently used are likely to be developed. Evidence
from several relevant studies is presented below.

In 2002, the first pre-clinical study of angiopeptin-
eluting stents was completed in Great Britain (12).
Angiopeptin is a protein that selectively inhibits prolif-
eration of smooth muscle cells of blood vessels (12).
The study showed this protein to suppress neointimal
hyperplasia after implantation of angiopeptin-eluting
stents in porcine coronary arteries (12). Hong-Kong
clinical trial of angiopeptin-eluting stents involving 14
patients has demonstrated that the stents appear to
be safe, delay neointimal hyperplasia and thus may be
used for coronary angioplasty in human (13). No mul-
ticenter randomized studies of these stents have been
performed yet, so their clinical efficiency remains
unclear. 

It is known that metalloproteinases (enzymes simi-
lar to collagenases) play an important role in neointi-
mal hyperplasia (14). Metalloproteinases split colla-
gen used for building the elastic membrane of arteries,
thus facilitating the migration of smooth muscle cells
into the stent-injured intima (14). Daily administration
of metalloproteinase inhibitor GM6001 over 10 months
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has been shown to inhibit neointimal formation in the
site of stent implantation in rabbits (15). Besides, stud-
ies with smooth muscle cells isolated from rat aorta
showed that metalloproteinase inhibitor batimastat is
capable of suppressing proliferation of these cells
through inhibition of mitogen-activated protein kinase
(MAPK) (16). These preclinical data provided the
basis for a clinical trial of batimastat-eluting stents in
Brazil (17). Regretfully, these stents proved absolute-
ly ineffective in actual clinical setting.

It is well known that female hormones play an
important role in regulation of the female reproductive
function. However, it was only recently that one of
these hormones, specifically estradiol, was shown to
regulate migration and proliferation of endothelial cells
and smooth muscle cells of blood vessels (18). The
experiments were performed with the endothelial and
smooth muscle cells isolated from porcine aorta (18).
Proliferation and migration of smooth muscle cells
were stimulated by adding platelet-derived growth fac-
tor (PDGF) to the incubation medium. The study
showed that 17β-estradiol completely eliminated stim-
ulating effect exerted by PDGF on the smooth muscle
cells (18). However, 17β-estradiol exerts the opposite
effect on endothelial cells, enhancing their division
and motility (18). Since mitotic activity of cells is
known to directly depend on MAPK activity (19), P.
Geraldes et al. (18) attempted to determine how
female hormones influence the MAPK activity. The
authors have determined that 17β-estradiol inhibits
MAPK in smooth muscle cells and increases the activ-
ity of these enzymes in endothelial cells (18).
Therefore, changes of MAPK activity underlie both the
mitogenic and antiproliferative effects of 17β-estradiol.
Thus, experimental studies suggest that 17β-estradiol
may prove an ideal drug for prevention of in-stent
thrombosis and restenosis due to enhancement of
division and motility of endothelial cells on one hand,
and suppression of proliferation and migration of
smooth muscle cells on the other hand. Therefore, this
hormone should promote neointimization inside the
stent while suppressing neointimal hyperplasia.
Subsequent pre-clinical and clinical studies have part-
ly supported this suggestion. In the study involving 6
pigs, 17β-estradiol- eluting stents were demonstrated
to be associated with 40% slower neointimal growth
comparing to uncoated stents (20). In 2004, 17β-estra-
diol-eluting stents were implanted to thirty patients in
Brazil (21). ISRs were detected in 6 months after
stenting in two out of 30 volunteers, one of them
required repeated revascularization (21). The authors
made a conclusion regarding the safety of 17β-estra-
diol-eluting stents and recommended to perform a
multicenter randomized study for complete evaluation
of clinical efficiency of the stents (21). 

The peptide antibiotic Actinomycin D
(Dactinomycin) obtained from the fungus
Streptomyces parvullus is approved for clinical use as
cytostatic agent in many countries including Russia
(22). Additionally, Actinomycin D is widely used in

experimental studies as the pharmacological agent
capable of selective inhibition of mRNA synthesis on a
DNA matrix (19). Considering its high antiproliferative
activity, a multicenter blind randomized clinical trial of
Actinomycin D-eluting stents has been performed
(23). The trial was started without prior non-clinical
approbation of Actinomycin-eluting stents. This study
included 360 patients (23). Incidence of restenosis
was assessed by angiography and by ultrasound
examination at 6 month after the stenting procedure
(23). The incidence of restenosis after placement of
uncoated stents appeared to be 11%, while the inci-
dence of ISR following application of the Actinomycin-
eluting stents was 25% (p<0.03) (23). Incidence of
angina recurrence in the ordinary stent group was
16% versus 37% in the coated stent group (p<0.001)
(23). Thus, Actinomycin enhances ISR development
instead of preventing this process. The cause of this
paradoxical effect is unclear. However, two important
conclusions may be drawn from this study. Firstly,
there are antiproliferative drugs which do not prevent
restenosis. Secondly, each new drug-eluting stent
should undergo pre-clinical studies. Otherwise health
of subjects is placed at risk as it happened in the
described multicenter trial (23).

Apart from MAPK, mitotic activity of cells is known
to directly depend on protooncogene expression and
nuclear oncoprotein synthesis (19). Such genes
include c-myc, which is responsible for homonymous
protein c-myc (19). Currently, over 10 protooncogenes
and nuclear oncoproteins are known (19), but there
are no pharmacological agents capable of selective
inhibition of any specific gene expression. Selective
blockage of gene expression is achieved by antisens-
es, synthetic oligodeoxynucleotides that are comple-
mentary to a specific mRNA, bind it selectively and
block its translation in the ribosomes (24). The
American group attempted to determine the effects of
local blockage of c-myc gene expression on neointi-
mal formation in the stented porcine coronary arteries
(25). Immediately after the stenting infusion of anti-
sense to c-myc gene mRNA into the coronary artery
was started via “infiltrator delivery system” perfusion
device (25). The infusion was performed over 28 days
with subsequent immune blotting and morphological
evaluation of the stented region (25). It was demon-
strated that the antisense completely inhibited the syn-
thesis of c-myc protein and significantly suppressed
neointimal hyperplasia (25). Nearly simultaneously
with the nonclinical evidence, the results of clinical trial
of c-myc gene mRNA antisense termed LR3280 and
consisting of 15 deoxynucleotides (5’-
AACGTTGAGGGGCAT-3’, letters denote nucle-
otides) were published (26). Antisense LR3280 was
administered in a bolus over 1 minute via intracoro-
nary catheter during the stenting procedure (26).
Ultrasound evaluation of coronary arteries 6 months
after the intervention showed no significant difference
between patients in LR3280 and placebo groups (26).
Thus, unlike non-clinical studies, the first clinical trial
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of c-myc gene mRNA antisense failed. A possible rea-
son of this failure may be that the oligodeoxynu-
cleotide was administered in a bolus in the clinical trial
and for 28 days in the animal study. It is possible that
antisense-eluting stents at least as effective as
sirolimus-eluting stents may be developed in the near
future.

The antibiotic Penicillin is firmly associated by most
people with the Penicillium fungi. However, apart from
Penicillin, Penicillium genus fungi produce a series of
other bioactive compounds, such as the antibiotic
Mycophenolate (27). Mycophenolic acid (MPA) is the
active metabolite of this antibiotic (27). A comparative
study of MPA-eluting stents versus ordinary stents
showed 40% decrease of neointimal hyperplasia in
pigs caused by the action of this acid (27). These data
provided basis for clinical trial of MPA-eluting stents
(28). The trial included 55 patients with MPA-eluting
stents and 50 patients with uncoated stents (28).
Ultrasound and angiographic evaluation 6 months
after the stenting procedure showed practically the
same neointimal hyperplasia and incidence of
restenosis in both groups (28). Subsequent 1 year fol-
low-up with these patients showed no significant dif-
ference in the incidence of unfavorable outcomes
between the two groups (28). Based on these data A.
Abizaid et al. (28) have concluded that the investigat-
ed MPA-stents provide no clinical benefit. Still, a pos-
sibility exists that MPA-stents with a different amount
of Mycophenolic acid may delay the restenosis.

It is known that neointimization of stented human
arteries is completed 3–4 months after the stenting
procedure (29). Not only does such slow regeneration
of the damaged endothelium pose a threat of throm-
bosis, but it also promotes neointimal hyperplasia. As
several researchers suggest (30, 31), heparin and
nitrogen oxide produced by endothelial cells suppress
proliferation and migration of smooth muscle cells. It
has been determined that the endothelial cells that
survived the stenting procedure enhance the regener-
ation of the damaged artery (30). Circulating endothe-
lial cell progenitors play an important role in regenera-
tion of damaged arteries (32, 33). Systemic adminis-
tration of these cells ensured both fast re-endotheliza-
tion of damaged areas and suppression of neointimal
formation in mice with damaged arteries (34). It has
been determined that endothelial cell progenitors
adhere to the damaged areas of blood vessels where
they differentiate into endothelial cells which suppress
proliferation of the smooth muscle cells (34). These
data were confirmed by D. Kong et al. in experiments
involving balloon dilation of the common carotid artery
in rabbits (31). It was quite logical to assume that by
enhancing of adhesion of the endotheliocyte progeni-
tor cells in stent-injured arteries, neointimal hyperpla-
sia and ISR may be prevented (30). Bearing this in
mind, the research group headed by professor P. W.
Serruys initiated a clinical trial of stents with CD34 (CD
= Cluster Designation) antibodies (35). This protein is
a cellular marker for circulating endothelial cell pro-

genitors (32). The authors of the project presumed
that the progenitor cells might bind to the stent surface
and ensure fast endothelization of the stent and the
stented artery (35). The study included 16 patients.
Stents coated with anti CD34 antibodies were implant-
ed in these patients (35). Based upon the results of
the study the authors concluded that the stents are
safe for patients, are capable to delay neointimal
hyperplasia and that a multicenter randomized trials
are necessary to determine their clinical efficiency. 

A recent study by D.H. Walter et al. (36) has
demonstrated that apart from inhibition of cholesterol
synthesis, statins also increase the blood count of
endothelial cell progenitors. Based on these data
cerivastatin-eluting stents were developed (37).
However, experimental study involving implantation of
cerivastatin-eluting stents and uncoated stents into
carotid arteries of rats showed that cerivastatin did not
affect re-endothelization of stents (37). At the same
time, cerivastatin was demonstrated to inhibit smooth
muscle cell proliferation (37). This fact urged the
authors to propose a clinical trial of cerivastatin-eluting
stents (37). It is quite possible that stents eluting this
statin may soon be introduced into clinical practice.

Thus, pre-clinical and clinical studies are currently
being performed evaluating everolimus, ABT-578-elut-
ing and a number of other stents (2, 4, 9, 35) that may
replace sirolimus- and paclitaxel-eluting stents in the
future. 

REFERENCES
1. Collingwood R., Gibson L., Sedlik S et al. Stent-based deliv-
ery of ABT-578 via a phosphorylcholine surface coating reduces
neointimal formation in the porcine coronary model. Catheter.
Cardiovasc. Interv., 2005, 65(2), 227-232.
2. Costa R.A., Lansky A.J., Mintz G.S. et al. Angiographic
results of the first human experience with everolimus-eluting
stents for the treatment of coronary lesions (the FUTURE I trial).
Am. J. Cardiol., 2005, 95(1), 113-116. 
3. Farb A., John M., Acampado E. et al. Oral everolimus inhibits
in-stent neointimal growth. Circulation, 2002, 106, 2379-2384. 
4. Grube E., Sonoda S., Ikeno F. et al. Six- and twelve-month
results from first human experience using everolimus-eluting
stents with bioabsorbable polymer. Circulation, 2004, 109(18),
2168-7211. 
5. Pagano T.G. Complete assignments of the 1H and 13C reso-
nances of 40-epi-(N1-tetrazolyl)-rapamycin and revised 13C
assignments for rapamycin. Magn. Reson. Chem. 2005, 43(2),
174-175. 
6. Schuler W., Sedrani R., Cottens S. et al. SDZ RAD, a new
rapamycin derivative, pharmacological properties in vitro and in
vivo. Transplantation, 1997, 64, 36-42. 
7. Schuurman H.J., Cottens S., Fuchs S. et al. SDZ RAD, a new
rapamycin derivative, synergism with cyclosporine.
Transplantation, 1997, 64, 32-35.
8. Karyekar C.S., Pradhan R.S., Freeney T. et al. A phase I mul-
tiple-dose escalation study characterizing pharmacokinetics
and safety of ABT-578 in healthy subjects. J. Clin. Pharmacol.,
2005, 45(8), 910-918. 

INTERVENTIONAL CARDIOLOGY

16 (¹ 10, 2006) 



Drug-eluting stents. New prospects

9. Buellesfeld L., Grube E. ABT-578-eluting stents. The promis-
ing successor of sirolimus- and paclitaxel-eluting stent con-
cepts? Herz, 2004, 29(2), 167-170. 
10. Modern Dictionary of Foreign Words. Moscow, «Russkiy
yazyk», 1993. –740 pp.
11. Lemos P.A., Serruys P.W., Sousa J.E. Drug-eluting stents:
cost versus clinical benefit. Circulation, 2003, 107(24), 3003-
3007.
12. Armstrong J., Gunn J., Arnold N. et al. Angiopeptin-eluting
stents: observations in human vessels and pig coronary arter-
ies. J. Invasive. Cardiol., 2002, 14(5), 230-238. 
13. Kwok O.H., Chow W.H., Law T.C. et al.  First human expe-
rience with angiopeptin-eluting stent: A quantitative coronary
angiography and three-dimensional intravascular ultrasound
study. Catheter. Cardiovasc. Interv., 2005, 66(4), 541-546.
14. Sousa J.E., Serruys P.W., Costa M.A. New frontiers in car-
diology: drug-eluting stents: Part II. Circulation, 2003, 107(18),
2383-2389. 
15. Li C., Cantor W.J., Nili N. et al. Arterial repair after stenting
and the effects of GM6001, a matrix metalloproteinase inhibitor.
J. Am. Coll. Cardiol., 2002, 39(11), 1852-1858. 
16. Lovdahl C., Thyberg J., Hultgardh-Nilsson A. The synthetic
metalloproteinase inhibitor batimastat suppresses injury-
induced phosphorylation of MAP kinase ERK1/ERK2 and phe-
notypic modification of arterial smooth muscle cells in vitro. J.
Vasc. Res., 2000, 37(5), 345-354. 
17. Araujo C.M., Rando G.A., Mauro M.F. et al. Batimastat-elut-
ing stent implantation for the treatment of coronary artery dis-
ease: results of the Brazilian pilot study. Arq. Bras. Cardiol.,
2005, 84(3), 256-260. 
18. Geraldes P., Sirois M.G., Bernatchez P.N., Tanguay J.F.
Estrogen regulation of endothelial and smooth muscle cell
migration and proliferation. Role of p38 and p42/44 mitogen-
activated protein kinase. Arterioscler. Thromb. Vasc. Biol., 2002,
22, 1589-1590. 
19. Mushkambarov N.N., Kuznetsov S.L. Molecular Biology. –
Moscow,  Meditsinskoye Informatsionnoye agentstvo”, 2003.
–544 pp.
20. New G., Moses J.W, Roubin G.S. et al. Estrogen-eluting,
phosphorylcholine-coated stent implantation is associated with
reduced neointimal formation but no delay in vascular repair in
a porcine coronary model. Catheter. Cardiovasc. Interv., 2002,
57(2), 266-271. 
21. Abizaid A., Albertal M., Costa M.A. et al. First human expe-
rience with the 17-beta-estradiol-eluting stent: the Estrogen And
Stents To Eliminate Restenosis (EASTER) trial. J. Am. Coll.
Cardiol. 2004, 43(6), 1118-1121. 
22. Mashkovskiy M.D.. Medicinal Agents. Manual for
Physicians.- Moscow, “Novaya Volna”, 2002, in 2 vol. Vol.2, 608
pp.
23. Serruys P.W., Ormiston J.A., Sianos G. et al. ACTION inves-
tigators. Actinomycin-eluting stent for coronary revasculariza-
tion: a randomized feasibility and safety study: the ACTION trial.
J. Am. Coll. Cardiol., 2004, 44(7), 1363-1367. 
24. Crooke S.T. Progress in antisense technology. Annu. Rev.
Med., 2004, 55, 61-95. 
25. Kipshidze N.N., Kim H.S., Iversen P. et al. Intramural coro-
nary delivery of advanced antisense oligonucleotides reduces
neointimal formation in the porcine stent restenosis model. J.
Am. Coll. Cardiol., 2002, 39(10), 1686-1691.

26. Kutryk M.J., Foley D.P., van den Brand M. et al. ITALICS
Trial. Local intracoronary administration of antisense oligonu-
cleotide against c-myc for the prevention of in-stent restenosis:
results of the randomized investigation by the Thoraxcenter of
antisense DNA using local delivery and IVUS after coronary
stenting (ITALICS) trial. J. Am. Coll. Cardiol., 2002, 39(2), 281-
287.
27. Sousa J.E., Serruys P.W., Costa M.A. New frontiers in car-
diology: drug-eluting stents: Part I. Circulation., 2003b, 107(17),
2274-2289. 
28. Abizaid A., Albertal M., Ormiston J. et al. Impact trial:
Angiographic and intravascular ultrasound observations of the
first human experience with mycophenolic acid-eluting polymer
stent system. Catheter. Cardiovasc. Interv., 2005, 66(4), 491-
495. 
29. Grewe P.H., Deneke T., Holt S.K. et al. Scanning electron
microscopic analysis of vessel wall reactions after coronary
stenting. Z. Kardiol., 2000, 89(1), 21-27. 
30. Rogers C., Parikh S., Seifert P. et al., Endogenous cell seed-
ing: remnant endothelium after stenting after stenting enhances
vascular repair. Circulation, 1996, 94, 2909-2914.
31. Kong D., Melo L.G., Mangi A.A. et al. Enhanced inhibition of
neointimal hyperplasia by genetically engineered endothelial
progenitor cells. Circulation, 2004, 109(14), 1769-1775.
32. Aicher A., Heeschen C., Mildner-Rihm C. et al. Essential role
of endothelial nitric oxide synthase for mobilization of stem and
progenitor cells. Nat. Med. 2003, 9(11), 1370-1376. 
33. Asahara T., Murohara T., Sullivan A. et al. Isolation of puta-
tive progenitor endothelial cells for angiogenesis. Science,
1997, 275(5302), 964-967. 
34. Werner N., Junk S., Laufs U. et al. Intravenous transfusion
of endothelial progenitor cells reduces neointima formation after
vascular injury. Circ. Res., 2003, 93(2), e17-24. 
35. Aoki J., Serruys P.W., van Beusekom H. et al. Endothelial
progenitor cell capture by stents coated with antibody against
CD34: the HEALING-FIM (Healthy Endothelial Accelerated
Lining Inhibits Neointimal Growth-First In Man) Registry. J. Am.
Coll. Cardiol., 2005, 45(10), 1574-1579. 
36. Walter D.H., Rittig K., Bahlmann F.H. et al. Statin therapy
accelerates reendothelialization: a novel effect involving mobi-
lization and incorporation of bone marrow-derived endothelial
progenitor cells. Circulation, 2002, 105(25), 3017-3024.
37.  Jaschke B., Michaelis C., Milz S. et al. Local statin therapy
differentially interferes with smooth muscle and endothelial cell
proliferation and reduces neointima on a drug-eluting stent plat-
form. Cardiovasc. Res. 2005, 68(3), 483-492. 

INTERVENTIONAL CARDIOLOGY

17



Clinical Outcome of Endovascular Recanalization 
of Chronic Coronary Artery Occlusion

Introduction: according to the prognoses, by the
year of 2020 cardiovascular diseases will account for
about 36% of all deaths. Among these, CAD plays a
major role and its treatment is of highest social and
economic importance, equal to the most crucial chal-
lenges of the society (1).  Annual mortality rate due to
CAD ranges from 5.4% to 11.3% and is largely
dependent on the severity of coronary artery lesions
and myocardial function. Thus, stenosis of a single
coronary artery is associated with 1.6 to 6.6% mortal-
ity, stenosis of two arteries -  6.4 to 13.7% mortality,
stenosis of three arteries - 9-16.7% mortality. 

Completely obstructed arteries, i.e. occlusions rep-
resent  an important share of coronary lesions in CAD;
they are found in 15 - 40% patients at coronary
angiography, whereas the endovascular interventions
preformed for such condition currently account for 10-
20% of all interventional procedures (5). Patients with
chronic occlusions of the coronary arteries form the
most severely affected group as compared to patients
with stenotic vascular lesions without occlusions. They
tend to have more severe angina and more frequent
multiple lesions of coronary arteries; because of the
more frequent history of myocardial infarction, left ven-
tricular function in such patients is more severely
compromised, than in patients with stenoses. (3, 6)

The rate of successful recanalization of chronic
occlusions of coronary arteries during endovascular
procedures ranges from 60 to 90% according to vari-
ous authors (1, 2).  Poor long-term outcome, i.e.
restenosis, following endovascular interventions pro-
cedures performed for coronary artery occlusion, is
significantly more common, than in patients without
occlusion (4, 12). In addition, the majority of patients
had myocardial infarction in the territory of this artery
and, consequently, have scar changes in correspon-
ding myocardial segments requiring substantially
smaller amount of blood as compared to intact
myocardium (17). With this, chronic coronary artery
occlusion leads to the development of collateral perfu-
sion in this artery’s pool, which, to some extent, com-
pensates the impaired blood supply (19, 20). These
are the reasons for uncertainty as to the need for com-
plicated and expensive endovascular therapy of coro-

nary occlusions associated with a risk of severe com-
plications. Nevertheless, interventional cardiologists
are still performing procedures for coronary occlusions
despite the fact, that there’s no unambiguous answer
on the question of when one should strive for recanal-
ization and when there’s no such need?  This became
the ground for the study, aimed at the evaluation of
clinical pattern and left ventricular function after ante-
grade blood flow restoration in chronically occluded
coronary arteries. 

Purposes of study: to assess the long-term
changes of clinical course and left ventricular function
depending on the state of coronary bed after PTCA of
chronic total coronary occlusions in CAD patients. 

Patients and methods
The study enrolled 135 CAD patients, who under-

went successful mechanical recanalization of chronic
(over 3 months) total coronary occlusions between
1999 and 2005 in the Moscow City Center of
Interventional Cardioangiology. The success rate was
95.9%. Patients with acute or recent (within 3 months)
total coronary occlusions were excluded. Reperfusion
procedure for chronic coronary occlusions consisted
of mechanical recanalization with simultaneous PTCA
and, in certain patients, stenting (70.4%). The age  of
occlusion was mostly assessed by the date of
myocardial infarction in the territory of occluded artery
or by the onset of most severe and prolonged chest
pain episode, which differed from regular angina in
every single patient. Occlusion duration was 3 to 6
months in 72.8% of patients, 6 to 12 months – in
18.8% of patients, over 1 year – in 8.4% of patients. 

Table 1. Demographic and clinical data (n = 135).

Patients were mostly men with a history of MI con-
firmed clinically. All endovascular procedures were
elective and one-staged, they were performed imme-
diately after coronary angiography. In the long-term

follow-up (mean at 6.9±2.6 months) the patients
underwent a control examination, including coronary
angiography. 
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Age (years) 54.58±7.1

Men 116 (85.9%)

MI history 122(90.4%)

Hypertension 92(68.1%)

Type 2 diabetes mellitus 13(9.6%)

Hypercholesterolemia 85(62.9%)

Smoking 98(72.6%)
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Preoperative NYHA angina class distribution was
as follows: 5.2% of patients were in class I , 23.0% in
class II, 64,4% - in class III, and 7,4% of patients  - in
class IV.

Nine (6.7%) patients had gastric or duodenal ulcer
in remission, 3 (2.2%) patients – chronic pyelonephri-
tis, 13 (9.6%) patients – type 2 diabetes mellitus, 3
(2.2%) patients – history of stroke. 

As a rule, the patients were discharged at day 2
postoperatively with routine administration of 125 mg
aspirin daily and, at least, 1-month cycle of ticlopidine
500 mg daily or clopidogrel 75 mg daily. In addition,
symptomatic medical therapy was continued when
necessary. Most commonly the patients had LAD
occlusion (52.6%), second most common lesion was
RCA occlusion (24.5%). Occlusions were mostly locat-
ed in proximal (45.8%) or middle (48.3%) segments of
coronary arteries. Eight patients had chronic total
occlusion of 2 coronary arteries, successful recanaliza-
tion of both arteries was performed in 3 of these
patients. Multivessel stenoses were found in 68
(50.3%). Mean number of coronary arteries affected
was 1.25±0.4. As stated above, the study was princi-
pally aimed at the long-term angiographic results of the
procedure, therefore, all patients were divided between
the following groups: 

1) patients with preserved antegrade perfusion in
the long-term follow-up after recanalization (TIMI II
– III) ( n =110).

2) patients with reocclusion after recanalization
(TIMI  0) (n = 33).

Clinical examination included:
1. History analysis.
2. ECG. 
3. Bicycle ergometry with stepwise increase of

stress to reveal ischemic myocardial changes. 
4. Selective coronary angiography and left ventricu-

lography were performed according to the estab-
lished procedure. Global and segmental contrac-
tile function, as well as the volumes of the left ven-
tricle, were analyzed using DIMOL IK 9.133 soft-
ware (2). To assess the contractile function of cer-
tain left ventricular segments depending on the
corresponding artery, LAD was attributed to seg-
ments 1, 2 and 3, whereas CLx – to segments 4
and 5.  

The study included only patients with successful
mechanical recanalization, PTCA and/or stenting and
TIMI 3 antegrade flow immediately after the procedure.
Primary inclusion criterion was the follow-up examina-
tion at least within 6 months postoperatively, which
included follow-up selective coronary angiography. 

Statistical analysis was performed using Russian
version of SPSS for Windows 10.0.5.

Study results.
Complete myocardial revascularization was achieved in

96 (71.1%) patients. In 95 patients recanalization and angio-
plasty of chronic total coronary occlusion was followed by

implantation of 103 coronary stents, 40 patients underwent
only balloon angioplasty. Six (5.8%) patients underwent
implantation of 2 stents, another patient (1.05%) had 3 stents
implanted into previously occluded artery. 

Table 2. Stents implanted into coronary arteries.

Over 20% residual stenosis was found in 4 (2.9 %)
patients in stenting group vs 6 (15%) patients in PTCA
group (ð < 0.05). Type A or B (AHA/ACC) intimal dis-

section was observed in 2 (2.4%) patients from stent-
ing group vs 9 (22.5%) patients in PTCA group
(ð<0.01). There were no significant stenoses in these
patients. 

In 79 (58.5%) patients basic recanalization and
PTCA for coronary occlusion were accompanied by
endovascular procedures in other coronary arteries. 

Complications: the following complications
were encountered during recanalization of chronic
coronary occlusions: threatening intimal dissection
of proximal stump necessitating additional stenting
in 3 (2.2 %) cases, acute occlusion of a large side
branch in 1 (0.7%) case and ventricular fibrillation in
1 (0.7%) case. After the procedure virtually all
patients had uneventful recovery, except one patient
(0.7%) with coronary occlusion at the site of PTCA
necessitating repeated recanalization and PTCA.

Late changes in the artery.
All 135 patients underwent follow-up coronary

angiography and ventriculography at 6.9±2.6 months
postoperatively. 

Antegrade TIMI 3 flow persisted in 110 (76.9 %)
patients, of these 52 patients (36.4%) had resteno-
sis of various degree.  Reocclusion (TIMI 0 – 1)
occurred in 33 (23.5%) patients (ð< 0.05).  See Fig.
1. 

Analysis of restenosis and reocclusion incidence in
certain coronary arteries showed no significant differ-
ence. 
Table 2. Long-term outcome of recanalization
ð<0.002

The table shows, that stenting ensures good long-
term outcome significantly more commonly and reoc-
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Stents Number

Matrix stents: 7
Multilink Duet
Angiostent C1

Crown
MiniCrown

Module stents: 71
Multilink Tetra

BX Sonic
Multilink Penta

BX Velocity
Biodivysio
R -stent
Cypher

Wire stents: 25
Angiostent

Tenax
AVE

Cross FLEX
V -flex

1
3
2
1

11
23
3

19
9
4
2

5
3
2

13
2

Total: 103
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clusion was significantly more seldom as compared to

PTCA.  
Analysis of potential predictors of coronary

restenosis and reocclusion after recanalization
showed, that well-developed collateral pathways to
the territory of occluded artery were significantly more
common in patients with restenosis or reocclusion (ð <
0.05). Multifactorial analysis revealed significant cor-
relation (ð < 0.05) between long-term restenosis or
reocclusion on one hand and left ventricular dilation
and presence of collateral pathways to the occluded
artery on the other hand.

The type of lesion, the time and length of occlusion,
stump shape, baseline arterial diameter, the presence
of adjacent large side branches, severe calcification
and other factors had no influence on the rate of
restenosis and reocclusion in this study. 

Global contractile function of left ventricular
myocardium in study groups. Analysis of global
contractile function was performed using end-systolic
and end-diastolic volumes, as well as the left ventricu-
lar ejection fraction. There was a significant long-term
increase of ejection fraction as compared to baseline
values from 56.29±1.35 to 59.76±1.34 on average (ð<
0.02). Such increase of LVEF was due to patients with
preserved long-term antegrade perfusion in arteries at
the site of recanalization or PTCA irrespective of the
presence of restenosis. Reocclusion revealed no sig-
nificant increase in LVEF. See Fig. 2

Comparison between preoperative and long-term
end-diastolic and end-systolic LV volumes after
recanalization of chronic occlusion showed, that
patients with restored and preserved long-term ante-
grade perfusion had significant decrease of end-sys-

tolic LV volume from 71.9±3.1 ml to 63.9±2.4 ml on
average (ð < 0.05), whereas there were no significant
changes of end-diastolic volume (see Figs. 3 and 4).

Fig. 3. Long-term changes of end-diastolic LV volume in study patients.
Fig. 4. Changes of end-systolic LV volume depending on the long-term
outcome of recanalization.

It is of interest, that baseline values of end-diastolic
and end-systolic LV volumes in patients with pre-
served antegrade perfusion were significantly lower,

than in patients with reocclusion in the long-term peri-

od. Correspondingly, impaired LV contractile function
and its dilation could be risk factor for repeated reoc-
clusion after angioplasty. In addition, patients with
reocclusion had non-significant increase of end-dias-
tolic volume from 178.9±10.42 ml to 190.7±10.31 ml
(ð = 0.2). End-systolic LV volume was practically
unchanged. 

We assessed changes of myocardial contractile
function in ventricular segments receiving blood from
the occluded arteries. The study showed, that the pre-
served effect of the procedure in the long-term period
in LAD correlated with improved contractile function of
anterolateral and apical regions. Similar pattern was
found for total contractile function of the above regions
of the left ventricle.  See Tables 4 and 5. 

There were no significant changes of segmental
contraction in LAD territory in patients with reocclusion
either by length or by area.

Patients with preserved antegrade perfusion in
RCA had significant increase of diaphragmatic con-
tractile function both by length (from 11.42±4.5 to
21.25±4.9 (ð < 0.02)), and by area (from 27.0±2.8 to
37.12±3.6  (ð < 0.05)). Patients with RCA reocclusion
had no significant change of contractile function of this
territory. See Tables 6 and 7.

Table 6. Changes of LV myocardial contractile function in RCA territory
in patients with preserved antegrade perfusion.
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Fig. 1. Long-term changes of functional state of coronary arteries.

Outcome Stenting (%) PTCA (%)
No restenosis 45 (43.7%) 13 (32.5%)

Restenosis 37 (35.9%) 15 (37.5%)
Reocclusion 21 (20.5%) 12 (30.0%)

Fig. 2. Changes of LVEF in the study group.
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Table 7. Changes of LV myocardial contractile function in RCA territory

in patients with reocclusion.

Analysis of LV contractile function in LCx territory in
patients with preserved antegrade perfusion showed
significant increase of diaphragmatic segment con-
traction only by area (from 27.0±2.8 at baseline to

37.12±3.6 at follow-up (ð < 0.05)). There were no sig-
nificant increase in other contractility parameters. This

could be due to the fact, that these regions of the left
ventricle, as a rule, receive blood from both LCx and
RCA. Analysis of long-term changes of contractile
function in LCx territory in patients with reocclusion
showed no significant change in either of the above
parameters. See Tables 8 and 9.  

Therefore, the study provided strong evidence of
the fact, that the long-term improvement of LV function
after recanalization of chronic total coronary occlu-
sions is mostly due to the increase of function in those
myocardial segments, which receive blood from these
arteries, provided that antegrade perfusion is pre-
served. 

Clinical pattern of angina 
in the long-term period

During the assessment of clinical pattern in
patients in the long-term period after recanalization of

chronic coronary occlusions attention was mostly paid
to the presence or absence of angina episodes per se,
as well as to the changes of angina class. In addition,
the results of exercise testing, i.e. the presence of pain
or ECG changes suggesting transient myocardial
ischemia, were taken into account.

The study provided strong evidence of the fact,
that recanalization of coronary occlusion provided that
the effect is preserved in the long-term period, has a
positive effect on the clinical pattern. Thus, long-term
follow-up examination revealed no angina episodes in
one third of patients, who had at least class I angina at
baseline. In addition, the number of class I or II angi-
na patients increased and the number of class III or IV
angina decreased (see Fig. 5).

Fig. 5. Changes of angina class in general population of patients.

Interestingly, 89.6% of patients were taking
antianginal agents preoperatively, whereas in the long
term period only 57.8% were in need of such drugs
(ð< 0.01).

In general, positive changes in clinical presentation
of angina were detected in 86.0% of patients with pre-
served antegrade perfusion, whereas in reocclusion

group only 56.2% had such improvement ( ð< 0.01).

Table 10. Time to angina recurrence. Ð< 0.01

As stated above, 36.5% of patients had no
episodes of angina in the long-term period, most of
them had preserved effect of endovascular procedure.
In the majority of patients with recurrent angina the
recurrence was within 1 to 3 months. Obviously, this
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Segments

anterobasal anterolateral Apical

length
Baseline 42,46±4,6 21,9±3,3 7,92±2,7

Control 43,82±4,1 29,06±3,1 14,23±3,2

area
Baseline 57,61±4,6 37,88±3,3 24,49±3,5

Control 61,08±5,0 47,67±4,3 33,51±3,8

Table 4. Changes of LV myocardial contractile function in LAD territory
in patients with preserved antegrade perfusion.

Segments

anterobasal anterolateral Apical

length
Baseline 38.43±8.7 18.86±7.3 6.57±6.1

Control 43.25±9.2 23.13±9.1 6.88±6.4

area
Baseline 57.43±6.9 31.57±7.8 22.56±4.2

Control 62.29±7.5 42.57±8.1 26.29±4.7

Table 5. Changes of LV myocardial contractile function in LAD territory
in patients with reocclusion.

Segments 

Diaphragmatic Lower basal

length
Baseline 11,42±4,5 21,08±2,8

Control 21,25±4,9 25,31±3,2

area 
Baseline 22,58±4,3 36,08±3,6

Control 36,27±4,1 38,23±3,5

Segments 

Diaphragmatic Lower basal

length
Baseline 10.0±8.3 14.14±8.8

Control 18.25±10.1 12.89±8.1

area 
Baseline 16.7±9.7 23.86±7.6

Control 24.5±10.5 24.5±8.4

Segments 

Apical Diaphragmatic

length
Baseline 19.18±2.8 18.82±2.2

Control 19.44±2.7 21.2±2.5

area 
Baseline 34.36±3.1 27.0±2.8

Control 37.32±3.0 37.12±3.6

Table 8. Changes of LV myocardial contractile function in LCx territory
in patients with preserved antegrade perfusion.

Segments 

Apical Diaphragmatic

length
Baseline 16.25±2.9 9.25±2.3

Control 18.25±2.8 10.20±2.6

area 
Baseline 28.25±4.5 18.25±4.2

Control 30.0±4.8 17.0±3.9

Table 9. Changes of LV myocardial contractile function in LCx territory
in patients with reocclusion.
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coincided with the time, when restenosis and/or reoc-
clusion develops after recanalization.  In addition,
some patients with reocclusion (10.2 %) had no recur-

rent angina. This emphasizes the advisability of
repeated coronary angiography despite the absence
of recurrent angina in order to reveal restenosis or
reocclusion to be repaired.

Comparison of long-term bicycle ergometry
results

Comparison of long-term bicycle ergometry results
at follow-up showed, that general population of
patients had significant decrease of positive and
increase of negative test results (Ð < 0.05). In gener-
al, such positive changes are found in patients with
preserved effect of endovascular procedures. 

See Fig. 6 and Table 10.

Fig. 6. Comparison of bicycle ergometry results.

Table 11. Comparison of the number of negative stress-tests and the
long-term outcome of endovascular procedures.

The table shows, that negative results of bicycle
ergometry were found in 41 (67.2%) patients without
reocclusion vs 5 (8.2%) patients with reocclusion (Ð <
0.05.)  

Therapeutic strategy after follow-up coronary
angiography

After follow-up coronary angiography the patients

with good long-term outcome of prior endovascular
procedure were recommended to continue through
symptomatic therapy and outpatient cardiological fol-
low-up. Medical therapy included routine disaggre-
gants (aspirin 125 mg daily or trombo-ass 100 mg
daily). Patients with long-term restenosis or reocclu-
sion underwent 39 (52.7% of patients in the group)
PTCA procedures and 2 (2.7%) stenting procedures.
In 6 patients (8.1%) repeated recanalization and

PTCA was ineffective, as well as in 13 patients
(17.6%) with lesions in other coronary arteries, there-
fore, they were recommended direct myocardial
revascularization.

CONCLUSION
This study had driven us to conclusion, that in the

majority of patients (72%)* endovascular procedures
ensured restoration of antegrade perfusion in chronic
total coronary occlusions. The rate of complications is
around 3 – 4%. In most patients (76.9 %) the effect of
antegrade reperfusion persisted for at least 6 months
postoperatively, at the same time, 36.4% of patients
had restenosis and 23.1%  of patients - reocclusion.
Good long-term outcome after stenting was signifi-
cantly more common and the rate of reocclusion sig-
nificantly less common as compared to PTCA.  

In the majority of patients (86%) after reperfusion
of chronic total coronary occlusion angina episodes
were completely or substantially reduced and the
exercise tolerance increased. 

Global and regional LV contractile function was
improved after reperfusion of chronic total coronary
occlusion. This effect was detected only with pre-
served antegrade perfusion in the long-term period
after endovascular procedures. In patients with reoc-
clusion no substantial long-term improvement of LV
function was observed.

Risk factors increasing the rate of long-term
restenosis and reocclusion after coronary recanaliza-
tion and angioplasty are: dilated LV chamber and well-
developed collateral pathways to the occluded artery
at baseline.

* - results from Moscow City Center of Interventional Cardioangiology
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Pre-Hospital Thrombolytic Therapy for Acute Q-Wave Myocardial Infarction
in Emergency Coronary Care and Intensive Care

Introduction
Q-wave myocardial infarction is a consequence of

total occlusion of a coronary artery supplying the
infarction and peri-infarction areas.  

Reperfusion of the infarct-related artery substan-
tially decreases the rate of complications and results
in significant reduction of mortality in this severe con-
dition. Multiple studies has provided strong evidence,
that systemic thrombolysis in patients with Q-wave
MI, which contributes to reperfusion of the infarct-
related artery, provides 18 to 26% decrease in hospi-
tal mortality. Particular role is reserved for the time
from the onset of symptoms to the institution of sys-
temic thrombolysis. Early thrombolytic therapy (ETT)
has a positive effect on myocardial electric stability,
prevents hemodynamic complications, contributes to
the most favorable remodeling of the left ventricle,
thus decreasing the incidence of disability. 

Reduction of TLT time to 2 hours from the onset of
symptoms increases the efficacy of reperfusion by
38%. With this stroke volume significantly rises and
the hospital mortality rate becomes substantially
lower, than the mean statistical value. 

Obviously, emergency care team is the first to
arrive to the patient within the first hours of the dis-
ease. Thus, in Moscow, acute myocardial infarction is
diagnosed within the first 6 hours by emergency care
teams in over 50% of cases. 

A very important conclusion relates to safety of
medical reperfusion using pre-hospital TLT provided
that the indications and contraindications are well
defined. 

In about 50% of patients with Q-wave acute
myocardial infarction, who received emergency care,
the chest pain episode had developed within 6 hours
prior to arrival of the emergency team, therefore, these
patients are potential candidates for TLT. 

Diagnosis of acute 
Q-wave myocardial infarction

Timely and proper diagnosis of Q-wave MI to a
great extent contributes to the early beginning of ther-
apy and prevention of severe complications. Apart of a
characteristic pain (retrosternal pain over 20 min in

duration resistant to nitrates) suggesting ACS, a major
diagnostic tool is the electrocardiography. Criteria of a
Q-wave MI include:

* over 2 mV ST elevation in two or more adjacent leads
(see Fig. 1à); for inferior myocardial infarction – in at
least two of the leads II, III, aVF (see Fig. 1b);

* acute left bundle branch block (LBBB) accompa-
nied by a characteristic pain episode; it ought be
reminded, that the longevity of LBBB can be
assessed only in comparison with recent ECG
records of the patient. 

Fig.1a. ECG in a patient with Q-wave anteroapical LV myocardial

infarction
Fig.1b. ECG in a patient with Q-wave inferior LV myocardial infarction

Indications to pre-hospital TLT
An indication to pre-hospital thrombolytic therapy is

the acute Q-wave myocardial infarction within the first
6 hours after the onset of symptoms. 

Later use of TLT is not reasonable, as the likeli-
hood of reperfusion becomes increasingly poor after
the 6-hour threshold, in addition, the rate of post-
reperfusion myocardial injury is high. 

Contraindications:
There are absolute and relative contraindications

to TLT.
Absolute contraindications include:

* Acute internal bleeding 
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* Recent (within the last 10 days) severe gastroin-
testinal hemorrhage or urinary tract bleeding 

* Recent (within the last 10 days) major surgery or
injury to the internal organs (e.g., in patients after
cardiopulmonary resuscitation) or biopsy of the
internal organs

* Recent (within the last 2 months) brain/spinal trau-
ma or surgery

* Hemorrhagic diathesis, including thrombocytope-
nia

* History of hemorrhagic stroke, neurological deficit 
* Suspected aortic dissection or acute pancreatitis
* Pregnancy and delivery
* Repeated administration of streptokinase within 2

years after the first administration

Relative contraindications mostly include condi-
tions inducing creating risk of bleeding:

* severe hepatic or renal disease 
* cerebrovascular disease
* brain/spinal injury or surgery
* history of gastrointestinal or urinary bleeding
* uncontrolled hypertension (BP above 180/120 mm

Hg) 
* deep venous thrombosis of the lower limbs 
* cardiac thrombus 
* acute pericarditis or infectious endocarditis
* transient ischemic attacks within the last 6 months
* oral anticoagulant therapy
* recent traumatic cardiopulmonary resuscitation
* recent puncture of a vessel, not necessitating

compression.

Relative contraindications require maximum cau-
tion and strong reasoning when TLT is considered.
The search of any of the above factors necessitates
thorough analysis of all circumstances and highest
possible exactness in the assessment of risk/benefit
ratio of the thrombolytic agent. 

Elderly age is not a contraindication. However, in
patients over 75 (particularly in women) the risk of hem-
orrhagic stroke is significantly higher, than in young
patients. Therefore, disuse of pre-hospitalthrombolytic
therapy in elderly patients is reasonable, when the time
after the onset of symptoms is above 3 hours.

Acute heart failure (pulmonary edema, cardiogenic
shock) is also not a contraindication to TLT. In con-
trast, hemodynamic disorders in acute myocardial
infarction require a more aggressive administration of
a thrombolytic agent, which is summarized in the cor-
responding section.

The procedure of pre-hospital TLT
When the diagnosis of acute Q-wave myocardial

infarction is confirmed and pre-hospital TLT is consid-
ered, the coronary care team doctor should provide
the following measures:

* The entire complex of therapy according to the
Guidelines for emergency care in myocardial

infarction (taking into account previously adminis-
tered agents);

* IV nitrates (adjusted by hemodynamic parame-
ters);

* Control of hypertension and tachycardia with IV
beta-blockers;

* Patient’s written consent for the procedure;
* Repeated ECG prior to TLT. This manipulation is

required to reveal possible signs of spontaneous
reperfusion, when TLT should be rejected. Signs
of spontaneous reperfusion are defined as signifi-
cant reduction of ST to isoline as compared to the
first ECG or the occurrence of negative T-waves in
leads, where elevated ST was recorded, however,
these are not absolute, reliable or doubtless signs
of reperfusion, as suggested by studies comparing
clinical pattern, ECG and findings on selective
coronary angiography;

* Bringing defibrillator to complete readiness;
* Whenever possible, transportation of patient

immediately after TLT, as the time to hospital
admission should be reduced to the minimum;

* Permanent monitoring of heart rhythm and gener-
al condition, control of BP from the onset of thera-
py to the arrival to CCU;

* Specify the following when filling in medical docu-
ments:
- the time of TLT start and completion 
- name, dose and schedule of the thrombolytic agent
administration.

Thrombolytic agents and ways
of administration

The most common and easily available agent in
emergency care is the indirect plasminogen activa-
tor – Streptokinase (Streptase). Its mechanism of
action is based on degradation of fibrin and fibrino-
gen resulting in hypocoagulation and thrombolysis.
The preparation is delivered in bottles of 7 500 000
U and 1 500 000 U. The drug should be dissolved in
200 ml 5% glucose or normal saline before use. 

Complete dose of streptokinase – 1500000 U –
can be administered according to different schedules:

À). 250 000 – 300 000 U IV bolus during 5 min, the
remainder is injected IV during 40 to 60 min  

Á). IV infusion of 1500000 U within 60 min

To prevent anaphylactic reactions 30-150 mg pred-
nisolone can be administered. 

Hemodynamic complications, such as cardiogenic
shock or pulmonary edema require a more active
schedule of streptokinase administration, when the IV
bolus is increased to 500000 U, whereas the remain-
ing dose is introduced as a 30-min. drop infusion with-
in 30 min. 

Tissue plasminogen activators (TPA) characterized
by low activity in systemic circulation have become
widely adopted during the last years. TPA is activated
by direct contact with fibrin, causing degradation of
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plasminogen to plasmin, which dissolves the throm-
bus. This pharmacological group includes Actilise
(Boehringer Ingelheim, Germany). Its active sub-
stance – Alteplase – is a recombinant human tissue
plasminogen activator. Major benefits of Actilise are
the absence of systemic fibrinolysis and antigenic
properties. The later makes the tissue plasminogen
activator an agent of choice for repeated medical
myocardial reperfusion.

In addition, the efficacy of Actilise is preserved
within 6 to 12 hours after the onset of symptoms.

The following schedules are used on the pre-hos-
pital stage within the first 6 hours:

Complications and adverse effects
of the thrombolytic therapy

Limited acceptance of systemic thrombolytic thera-

py in emergency care is largely due to the concept of
risk of reperfusion rhythm disorders, bleeding or other
complications.

Indeed, TLT can be accompanied by undesirable
events both during administration and while in hospi-
tal. Major reactions include:

* Hemorrhagic complications
* Reperfusion rhythm disorders
* Anaphylactic reactions 
* Hypotension
The analysis based on statistically significant large

clinical experience of coronary care emergency teams
of the Emergency Care Station of Moscow showed,
that there were virtually no hemorrhagic complications

at the pre-hospital stage, excluding 1 patient with gin-
gival hemorrhage. 

Few ventricular extrasystoles (2%) and as few as 2
cases of ventricular fibrillation can not be reliably iden-
tified as signs of reperfusion syndrome, as they are
part of usual course of acute ischemic phase of a Q-
wave myocardial infarction. 

Most probably, the absence of hemorrhagic and
reperfusion complications is due to short duration of
pre-hospital stage, when these unfavorable events of
TLT don’t develop yet, consequently, taking all safety
measures to prevent these complications during hos-
pital stay is crucial.

Pre-hospital hypotension was observed almost in
21% of patients on streptokinase, however, this
hypotension is transient and doesn’t require medical
correction, excluding temporary decrease of infusion
rate. Most commonly, hypertension occurs after bolus
injection of a thrombolytic agent. 

Allergy is encountered in 1-2.5% of patients, ana-
phylaxis – in 0.1%. We have revealed 3 cases (0.3%)
of allergy in the form of hives. Allergic signs necessi-
tate immediate withdrawal of streptokinase and
administration of hormones and antihistamines.

Assessment of TLT efficacy
The purpose of systemic thrombolysis for acute Q-

wave myocardial infarction is known to be the reperfu-
sion of the infarct-related artery (myocardial reperfu-
sion). The criteria for assessment of TLT efficacy can
be direct or indirect. 

The most significant indirect ECG sign of myocar-
dial reperfusion in MI patients are the speed and the
degree of ST reduction towards isoline on serial ECG
study. 

The ECG presented below outline the efficacy of
myocardial reperfusion.

In addition, ventricular rhythm disorders (even ven-
tricular fibrillation) can suggest reperfusion of the
infarct-related artery.

The problem of reocclusion 
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and the place for hospitalization
In the majority of cases, even successful TLT does-

n’t reduce the substrate for repeated coronary events.
While dissolving the thrombus, it doesn’t eliminate its
major cause – the plaque narrowing the coronary
artery. Successful early reperfusion is followed by high
risk of repeated occlusion of the infarct-related artery,
seriously complicating the clinical course of the dis-
ease. Therefore, timely endovascular procedures per-
formed after reperfusion by systemic thrombolysis are
crucial to prevent reocclusion. 

TLT shall therefore be considered as the first pre-
hospital stage of care in patients with MI. TLT must be
performed as soon as possible after the onset of the
disease by emergency care teams on pre-admission
stage and followed by other up-to-date treatments in a
specialized center aimed at reperfusion. 

In this connection, admission to hospitals with
twenty-four-hour interventional radiology service, is an
important condition for optimal treatment of such
patients. The decree of the Head physician of the
Emergency Care Station is aimed at creation of conti-
nuity between these hospitals and the emergency
teams and defines hospitals, where the MI patients
after pre-hospital TLT should be admitted to.

Therefore, maximum early pre-hospital thromboly-
sis followed by complete reperfusion of coronary
artery in hospital settings is an optimal up-to-date
strategy in patients with acute Q-wave myocardial
infarction.
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INTRODUCTION
Impaired renal vascularization is the known cause

of hypertension in certain patients. The incidence of
renovascular hypertension among all forms of the dis-
ease is 2-3% (1, 3). The most common causes of
renal ischemia are atherosclerotic stenosis or occlu-
sion (75-80%), fibromuscular dysplasia (FMD) (15%),
and aortoarteriitis (8-10%). Other causes are extreme-
ly rare (1, 2, 18). Atherosclerotic lesions of the renal
arteries (RA) remain silent for a long period of time.
Nevertheless, this process has progressive course
and, according to various authors (4-6), leads to total
RA occlusion 2-3 years after the disease is diagnosed
clinically in one fifth of all patients. In addition to hyper-
tension, hemodynamically significant RA stenosis
associated with renal hypoperfusion results in renal
failure and increased risk of other cardiovascular
events (19).  

Despite the fact, that the role of renal vasculariza-
tion disorders in the pathogenesis of hypertension and
renal failure is currently doubtless, many questions of
diagnosis and treatment of this syndrome are still
unclear. Indications to various treatment options for
RA lesions are also not well established. These ques-
tions became particularly important after the introduc-
tion of endovascular methods for renal vessels reper-
fusion into clinical practice. 

Some authors consider the balloon angioplasty of
RA to be most effective for correction of stenosis due
to FMD. Success rate of the procedure ranges from
82% to 100% (10, 11, 12, 13). In atherosclerotic steno-
sis stenting is more preferable. Immediate angio-
graphic success of stenting approximates 100% (14-
16, 8).  

Assessment of the long-term results of endovascu-
lar RA repair showed, that the rate of re-stenosis after
successful RA balloon angioplasty in FMD patients is
around 10-11% vs 10% to 55% in atherosclerotic RA
stenosis. Stenting is associated with substantially bet-
ter results with restenosis rate ranging from 11 to 23%
(39-43).

Analysis of 13 studies performed between 1989
and 1995 showed, that hypotensive effect of endovas-
cular repair for FMD is encountered in 80-90% of
cases vs 60-70% in atherosclerotic patients.

Normalization of BP in FMD patients occurs in 50-55%
of cases vs 10% or below in atherosclerotic lesions
(see Table 1).  

Table 1. Hypotensive effect of RA angioplasty/stenting in patients with
atherosclerotic stenosis or FMD.

(Data of Baert et al., 1990; Tegtmeyer et al., 1991; Cluzel et al., 1994; Lossino et al., 1994;
Rodriguez et al., 1994;  Bonelli et al., 1995; Jensen et al., 1995;  Baumgartner et al., 1997;
Klinge et al., 1989; Canzanello et al., 1989; Julien et al., 1989; Martin et al., 1992;  Eldrup-
Jorgensen, 1995).

Restoration of normal or nearly normal blood flow
in RA, apart of hypotensive effect, is aimed at preven-
tion of renal failure, which is the inevitable result of
progression of atherosclerosis affecting normal renal
function.

Analysis of 8 studies showed, that renal function,
as measured by serum creatinine and/or creatinine
clearance after RA angioplasty, is improved in 25-
45%, remains stable in 10-30% and deteriorated in 10-
35% of cases (Tekarski et al., 1993; Weibull et al.,
1993; Dorros et al., 1995; Van de Ven et al., 1995;
Henry et al., 1996;  Blum et al., 1996; Boisclar et al.,
1997; Taylor et al., 1997; Tullis et al., 1997).

Purpose of the study was to evaluate clinical and
angiographic efficacy of RA angioplasty and stenting
for hemodynamically significant stenosis. 

CLINICAL FINDINGS AND ASSESSMENT
OF PATIENTS

Between 1997 and December 2005 a total of 65
patients with RA stenosis underwent examination and
treatment in Moscow City Center of Interventional
Cardioangiology. The age of patients ranged from 34
to 73 years (mean age 58±8.78 years), suggesting
preserved working capacity in the majority of patients.

All patients were hypertensive. Mean systolic BP was
155±16 mm Hg with maximum value of 220±29 mm Hg,
mean diastolic BP was 91±9.3 mm Hg with maximum
value of 120±18 mm Hg. History of hypertension was 1 to
30 years (mean 14.5±7.49 years). At baseline 48 patients
were receiving hypotensive agents (71% of all patients).
Good outcome was observed only in 9.5% of cases. The
remaining 29% had no prior examination and treatment
for hypertension. 

The following comorbidities were encountered:
CAD in 41 patients (63%), atherosclerosis of extracra-
nial arteries in 20 patients (31%), Leriche’s syndrome
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in 18 patients (28%), chronic renal disease
(pyelonephritis, urolithiasis) in 17 patients (26%), dia-
betes mellitus in 10 patients (15%).

Twenty-two (22) patients (33.8%) had hypercholes-
terolemia, 14 patients (21.5%) had laboratory findings
suggesting impaired renal function, which was signifi-
cant in 2 (serum creatinine reaching 300 µmol/l) and
moderate in 10 (serum creatinine 131 to 152 µmol/l)
patients. 

Contrast angiography showed stenosis of appar-
ently atherosclerotic origin in 62 patients (95.4%) and
stenosis due to FMD in 3 patients (4.6%). Unilateral
RA lesions were found in 49 patients (75.4%), bilater-
al lesions – in 16 patients (24.6%), of which one
female patient with double right RA had 3-vessel
stenosis (two right and one left renal arteries). The
stenosis was located in RA origin in 57 cases (70.4%),
in the proximal segment – in 17 cases (21.0%), in the
middle segment – in 6 cases (7.4%), and in one case
(1.2%) the stenosis was located in the first-order
branch of the left RA. Mean degree of stenosis prior to
endovascular treatment was 77±9.2%  (see Table 2).

Table 2. Angiographic findings in renal arteries.

The following studies were performed to all

patients before endovascular intervention:  renal ultra-
sound study, BP monitoring, serum urea and creati-
nine measurement prior and immediately after the pro-
cedure, as well as on discharge; angiography. Low-
osmolarity Omnipak-350 was used as a contrast medi-
um.

Quantitative analysis of the angiographic findings
was performed with Hicor unit (Siemens).

The advisability of renal reperfusion and the treat-
ment option were chosen on the basis of complex esti-
mation of examination results. We have used the fol-
lowing stents: Corinthian IQ (Cordis) – in 36 cases,
Palmaz (Cordis) – in 8 cases, Bridge-X3 (Medtronic) –
in 8 cases,  Wallstent (Boston Scientific) – in 3 case.   

Mean stent diameter was 6.6±1.76 mm, mean
length - 17±1.76 mm.

Follow-up examination including angiography, was
performed at 8+2.6 months (mean) in 33 patients.
Eight (8) patients had follow-up period over 2 years.

RESULTS AND DISCUSSION
As a result of examination, 65 patients underwent

74 renal endovascular procedures: 19 balloon angio-

plasties vs 55 stenting procedures, of these direct
stenting accounted for 30 cases.

All patients were observed in ICU during 4-5 hours
following the endovascular procedure. They were
monitored for BP, ECG and coagulation indexes. To
prevent stent thrombosis and restenosis the patients
received ticlopidine 500 mg daily or clopidogrel (plav-
ix) 75 mg daily within 1 month following the procedure. 

Optimal immediate angiographic outcome of bal-
loon angioplasty was obtained in 18 cases (95%).
Stenting was successful in 54 cases (98 %). 

The immediate study results completely coincide
with numerous published data (14,15,16,8).

All balloon angioplasty procedures were performed
without complications. Stenting was complicated by
RA occlusion due to dissection in one case (1.35%)
and thrombosis of ileo-femoral arterial segment at the
puncture side in one patient with severe iliac artery
atherosclerosis (1.35%). On the whole, the rate of
complications during endovascular RA repair was
2.7%. All complications were managed by open sur-
gery. According to various authors, the rate of compli-
cations after balloon angioplasty and stenting of the
renal arteries ranges from 2 to 10% (27-29). In 44
studies, which included 2993 patients with 2872 bal-
loon angioplasty procedures and 792 stenting proce-
dures, there were 515 complications, accounting for
17.2%, of these, 63 cases (2.1%) necessitated open
surgery. The majority of complications were arterial
spasm (2.64%) or dissection of the renal artery
(2.44%). Complications due to dissection or thrombo-
sis of the iliac arteries were observed in cases 10
(0.33%) (20-26).  According to the published data, the
mortality rate after angioplasty of renal arteries is 1-
2% (30). There were no deaths in our study.

Therefore, the rate and the nature of complications
observed in the study were same with those in other
studies analyzed.

Immediate hypotensive effect was observed in all
patients.  In 75% of cases this effect was substantial,
in 25% of cases there was a trend towards decreased
BP due to maximum value with “working” blood pres-
sure remaining stable. Mean volume of contrast medi-
um utilized during the was 365+167 ml. Low-osmolar-
ity contrast was used in all cases.       

Hypotensive effect was preserved in the mid-term
period in 67% of cases, recurrent hypertension was
found in 33% of cases. 

Clinical effect of RA angioplasty was assessed by
renal function as well. Temporary impairment of the
renal function immediately after the procedure followed
by normalization within one week was observed in 16
patients (24.6%). Publications suggest that temporary
impairment of renal function after angiography was due
to contrast-induced nephropathy (CIN), which is found
in 0.1 to 13% of patients (32). Most authors found the
rate of CIN to be higher - 45% of all cases. Serum cre-
atinine peaked at 3-5 days after contrast procedure and
returned to normal range within 7-10 days (33-36). Risk
factors for CIN are: renal failure at baseline, diabetes
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TYPE OF LESION Number %

Atherosclerotic lesion 62 95.4

FMD 3 4.6

Unilateral RA stenosis 49 75.4

Bilateral RA stenosis 16 24.6

Stenosis at the RA origin 57 70.4

Stenosis of the proximal RA segment 17 21.0

Stenosis of the middle RA segment 6 7.4

Stenosis of the first-order RA branch 1 1.2

Stenosis degree 77±9.2
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mellitus, patient’s dehydration due to diuretics, contrast
medium volume over 125 ml, the use of high-osmolari-
ty contrast (31, 32, 37, 38). Analysis of our study
showed, that 9 patients (56%) with CIN had renal failure
at baseline, 4 of these had type 2 diabetes mellitus.

Renal function impairment at 6-12 months as com-
pared to initial level was found in 2 patients (6.0%),
improvement was observed in 9 patients (27.3%),  in
4 of them the renal function returned to normal range.
In the remaining 22 patients (66.7%) the renal function
remained stable. Particular attention was focused on
CIN patients. Of these, 6 patients had follow-up exam-
ination. In 5 patients (83.3%) the renal function was
found to be improved as compared to baseline. In one
case the renal function decreased. Interestingly, renal
function impairment was revealed in patients with
coexisting renal disease (chronic pyelonephritis).

From the viewpoint of clinical efficacy, the results of
endovascular treatment in our study coincide with the
results of other authors. The absence of subsequent
renal function impairment in the majority of patients is
thought to be due to the fact, that baseline serum cre-
atinine in the patients was below 300 µmol/l.
Publications suggest, that ischemic nephropathy is
found in patients with creatinine above 500 µmol/l.
These authors believe, that the majority of these
patients become dialysis-dependent approximately 6
months following stenting (17). Patient with serum cre-
atinine below 133 µmol/l have minimum risk for renal
function decrease (18). 

Mid-term results of 8 RA balloon angioplasty pro-
cedures and 29 RA stenting procedures were
assessed in 33 patients 6 to 12 months after the pro-
cedure. The rate of restenosis following angioplasty
was 12.5% vs 10% after stenting. Two (2) patients
(7%) had hemodynamically significant kinking of RA at
the distal edge of stent deployed. This was success-
fully managed by endovascular repair (angioplasty or
stenting). 

The fate of 9 patients was followed for over 2 years
postoperatively, including 6 patients after stenting and
3 patients after balloon angioplasty of RA. Mean fol-
low-up was 3.63+0.07 years. Follow-up angiography
showed restenosis in 1 case after stenting, angioplas-
ty outcome was successful in all cases. Hypotensive
effect was preserved in 67% of cases, renal function
impairment was found in a single patient with resteno-
sis. Other patients had unchanged renal function.

CONLCUSION
The study confirmed findings of other authors, sug-

gesting the possibility of successful angioplasty with-
out major complications and with good immediate out-
come both in balloon angioplasty alone (95%) and in
its combination with stenting (98%) in the majority of
patients with RA stenosis. Immediately after success-
ful angioplasty the majority of patients (75%) devel-
oped hypotensive effect, which persisted in the follow-
up in about 67% of these patients. In addition, the
effect of reperfusion is preserved in the long-term peri-

od (>2 years) in the majority of patients and the rate of
restenosis after balloon angioplasty and stenting was
12.5% and 10%, respectively. In most cases of
restenosis there is a possibility to successfully restore
vessel lumen with balloon angioplasty. In no case did
we found irreversible renal failure or the need for dial-
ysis after angioplasty procedure. At the same time,
none of the patients had baseline creatinine over 300
µmol/l. However, final conclusion on the efficacy of RA
angioplasty for BP normalization and prevention of
chronic renal failure in a large population of patients
necessitates further experience.
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Subintimal Angioplasty for Multilevel Arterial Occlusion in a Patient 
with Chronic Critical Ischemia of Both Legs

Introduction
Percutaneous transluminal angioplasty is a benefi-

cial low-invasive method for treatment of patients with
chronic critical ischemia, many of whom are elderly
and have severe comorbidities. However, immediate
and long-term results of standard intraluminal angio-
plasty have been unsatisfactory. A number of authors
reported encouraging results of subintimal angioplas-
ty in patients with chronic critical ischemia. This
method was proposed as far back as 1989, however it
is not widely known in Russia. We report our experi-
ence with successful subintimal angioplasty in a 79
year old female patient with multilevel arterial damage
in both legs.

Clinical case
A female patient aged 79 with multiple comorbidi-

ties presented with multiple ulcers on the dorsum of
both feet, ischemic pain at rest of over 4 weeks dura-
tion. Her ankle-brachial index was 0.15 and 0.19 on
the right and left legs, respectively. Examination
revealed bilateral occlusion of superficial femoral and
popliteal arteries and proximal bilateral occlusion of all
three crural arteries. Subintimal angioplasty of all
involved vascular segments on both legs was per-
formed. The patient shows stable clinical improvement
6 months following treatment. Her ankle-brachial
index is 0.86 on the right and 0.84 on the left.

Discussion
Subintimal angioplasty was suggested over 10

years ago for treatment of extended chronic occlu-
sions of superficial femoral artery and, later, for
tibioperoneal and iliac arteries. The results of this
intervention are close to those of bypass surgery.
Relatively few papers have been published related to
the use of this method. Even fewer authors report
results which could be compared with those reported
by the pioneers of this technique. Apparently, the
method has some technical difficulties, and there are
no universal views on patient selection and drug ther-
apy accompanying the intervention.

Key words: critical leg ischemia, revasculariza-

tion, subintimal angioplasty.

List of abbreviations:
chronic critical ischemia – CCI,
subintimal angioplasty – SA,
ankle-brachial index – ABI,
superficial femoral artery – SFA,
popliteal artery – PA.

Introduction Chronic critical ischemia (CCI) is a
major indication for arterial bypass surgery in most
vascular centres. According to Trans-Atlantic Inter-
Society Consensus definition, revascularization in CCI
aims at «ensuring blood flow sufficient to remove pain
at rest and heal tissue defects. Ideal revascularization
technique should require no general anesthesia, is
associated with lower systemic stress and fewer com-
plications” (9). Multilevel arterial occlusion and high
incidence of extended occlusion is a rule rather than
an exception in this category of patients. Traditional
surgical approaches to revascularization are signifi-
cantly restricted here, especially when the drainage
vessels – crural arteries – are stenotic and occluded.
Elderly age and severe comorbidities often make tra-
ditional surgical treatment impossible because of
associated invasion and trauma.

Percutaneous endovascular interventions comply
with many of the above requirements and are prefer-
able. However, unsatisfactory immediate and long-
term results of standard percutaneous transluminal
angioplasty for vascular segments exceeding 5-10 cm
give the ground for some skepticism (6, 7).

Several authors report encouraging results of
intentional extraluminal recanalization, the so called
subintimal angioplasty (SA) in patients with CCI. This
method was proposed by A. Bolia in 1989 (1), howev-
er, due to some reasons it was not widely spread.
Neither is this method well known in Russia, as seen
from few related publications. We report our experi-
ence with successful SA in a 79 year old female
patient with CCI and multilevel arterial occlusion in
both legs.

Clinical case
A female patient aged 79 with multiple comorbidi-

ties presented with multiple ulcers on the dorsum of
both feet, ischemic pain at rest of over 4 weeks dura-
tion. These symptoms, tissue defects and trophic
lesions were more marked on the right leg. The patient
reported history of intermittent claudication over many
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with Chronic Critical Ischemia of Both Legs

years. Several years earlier the patient had suffered
two myocardial infarctions and ischemic stroke, she
also complained of arterial hypertension and perma-
nent atrial fibrillation. The patient was also diagnosed
with chronic bronchitis and pulmonary emphysema.

Her ankle-brachial index was 0.15 and 0.19 on the
right and left legs respectively. Ultrasound duplex
scanning of the leg arteries revealed bilateral occlu-
sion of the superficial femoral (SFA) and popliteal
arteries (PA) and proximal bilateral occlusion of all
three crural arteries. Angiography through the left
femoral access revealed the following: the right SFA
was occluded along all its length, the right PA was
contrasted in a short segment in its middle third, the
right crural arteries were occluded proximally (Fig.
1A). The left SFA was occluded in its middle and dis-
tal thirds, PA was occluded downstream from the mid-
dle third, the left crural arteries were occluded proxi-
mally (Fig. 1B). Since conservative therapy proved
inefficient, revascularization of the right leg by SA was
performed immediately after diagnostic angiography.
The patient received 0.5g Aspirin and 300mg Plavix
orally. Following antegrade catheterization of the right
common femoral artery, 5000IU of unfractioned
heparin was injected through the 5F introducer.
Intentional extraluminal recanalization of the occlud-
ed segment of SFA was performed using a 5F verte-
bral catheter and Glide 0.035 guidewire (Terumo,
Japan) according to A. Bolia technique (3). Then a
loop of the guidewire was formed again into in the
short patent segment of PA and subintimal recanal-
ization of occluded segment of the popliteal artery
and anterior tibial artery was performed. Terumo
guidewire was replaced with 0.018 SV-5 guidewire
(Cordis, USA) and the recanalized segments of the
anterior tibial and popliteal arteries were dilated using
a 3x80 mm Savvy balloon (Cordis, USA) at 12 atm.
Proximal PA and all SFA were dilated along the whole
length using an Opta Pro 5x60 mm balloon catheter
(Cordis, USA) at 12 atm. Follow-up angiogram
showed antegrade blood flow in SFA, PA and anterior
tibial artery. Short residual 50% stenosis was noted
between proximal and middle thirds of PA. A 0.018
guidewire was left in the anterior tibial artery, and
subintimal recanalization was performed again using
a vertebral catheter and Terumo guidewire with sub-
sequent angioplasty of the occluded tibioperoneal
trunk and posterior tibial artery using a 3 mm balloon.
Residual stenosis of the popliteal artery was eliminat-
ed by repeated dilation using a 5 mm balloon. Final
arteriogram of the right leg is shown on Fig. 1A.

After the procedure the patient received Aspirin
and Plavix according to the generally accepted proto-
col. The patient noted significant alleviation of pain in
the right leg virtually immediately after the surgery.
Soon crural edema disappeared. Over the subsequent
two weeks granulation appeared and a tendency for
ulcer healing was seen.

Three weeks after the above intervention subintimal
recanalization and angioplasty of all occluded seg-
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Figure. 1. Arteriograph of the left (À) and right (B) legs of patient P., 79
years old, with critical chronic ischemia.
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ments of SFA, PA and three crural arteries in the left leg
was performed. Final angiogram is shown on Fig. 1B.
Likewise, clinical improvement was noted on the left
leg after correction of circulation. The patient shows
stable clinical improvement 6 months following suc-
cessful revascularization. Trophic lesions decreased
markedly and the ulcers have almost healed. The pul-
sation can be palpated over the popliteal and crural
arteries. The patient’s ankle-brachial index is 0.86 on
the right and 0.84 on the left.

Discussion
Significant progress has been obtained in CCI

treatment over the last years due to achievements of
endovascular techniques. Among these novelties is
subintimal angioplasty, which was suggested over 10
years ago for treatment of extended chronic occlu-
sions of superficial femoral artery and, later, for
tibioperoneal and iliac arteries (1, 2). The first data on
long-term results of this technique were published by
Bolia et al. in 1994. The authors suggested this
approach as an alternative to traditional bypass sur-
gery (5). A retrospective comparison showed that
long-term patency rate of recanalized vascular seg-
ments was inferior to that seen following bypass sur-
gery; however, due to the simplicity of repeated inter-
ventions «secondary patency» following SA may
come close to the results of surgical treatment.
Moreover, in most cases reocclusion of vessels fol-
lowing SA did not cause recurrence of CCI nor threat-
ened viability of the limb (4). Another feature of the
described technique is the low percentage of need for
stenting (less than 1% of surgeries) even following
treatment of very long occlusions (5,8).

Despite the encouraging results, over 10 years,
rather few papers focused on the use of this technique.
Even fewer reported results are comparable to those
reported by the pioneers of this technique (4). However,
in these sparse centres angioplasty is the method of
choice for treatment of patients with CCI and severe
intermittent claudication. The small number of publica-
tions by no means indicates that this technique is not
used by other vascular surgery centres. Likely, due to
technical difficulties and disappointing initial results the
surgeons stopped using the method without publishing
their results. Apparently, a longer learning period is nec-
essary, following which the results are improved. Lack
of universal views on patient selection and drug thera-
py required by the intervention is an important con-
tributing factor as well.

We started using the SA technique quite recently
after thorough study of related publications. Our first
experience is encouraging, and hereby we report an
interesting case of successful complete revasculariza-
tion in a patient with CCI due to multilevel occlusion of
arteries in both legs using SA technique.

References:

1. Bolia A., Brennan J., Bell P.R. Recanalisation of
femoro-popliteal occlusions: Improving success rate

Interventional Angiology

34 (¹ 10, 2006) 

Figure 2. Arteriograph of the left (À) and right  (B) legs of patient P.,
79 years old, after subintimal angioplasty of the occluded arterial seg-
ments.
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Contrast-Induced Nephropathy: 
A Primer for the Interventional Cardiologist

Abstract
Contrast-induced nephropathy (CIN) is a foremost

cause of in-hospital iatrogenic acute kidney failure.
Post-procedural CIN is associated with a greater risk
of requiring renal replacement therapy, prolonged
hospitalization, undue health care costs, potential sus-
tained decline in kidney function and death.
Numerous risk factors for CIN have been identified
and include pre-existing chronic kidney disease, dia-
betes mellitus, congestive heart failure, critical illness
and volume of administered radiocontrast media.
Interventions for the prevention of CIN remain contro-
versial and uncertain.

This review will focus on current interventional evi-
dence for the prevention of CIN. In general, several
simple measures should be initially considered includ-
ing correction of any underlying volume depletion, dis-
continuation of potential nephrotoxins, reversing any
acute kidney dysfunction or when not possible, con-
sideration to delay the interventional procedure or per-
forming an alternative diagnostic test for imaging. In
addition, an absolute minimum volume of radiocon-
trast media should be employed, including avoiding
left venticulograms and performing staged interven-
tions if applicable. There are few prophylactic inter-
ventions with quality evidence that demonstrate effica-
cy for prevention of CIN. Peri-interventional hydration
and the use of non-ionic iso-osmolar radiocontrast
media have consistently demonstrated efficacy. For
patients with significant risk factors for CIN, there is
evidence to suggest benefit with use of high dose N-
acetylcysteine. Several clinical studies with adenosine
antagonists such as theophylline, vitamin C and
statins are hopeful; however, further confirmatory trials
are needed. At present, there appears insufficient evi-
dence for the routine use of hemodialysis or continu-
ous hemofiltration, atrial natriuretic peptides, calcium
channel blockers, or prostaglandins. The current evi-
dence does not support the use of diuretic therapy,
forced diuresis, low-dose dopamine, fenoldopam, cap-
topril, or endothelin receptor antagonists.

While there have been advances in our under-
standing of the epidemiology, pathophysiology and
natural history of CIN, few effective interventions have

conclusively demonstrated evidence for a reduction in
CIN and no therapy as yet has proven efficacious
once CIN is established.

INTRODUCTION
Acute renal failure (ARF) is common in hospital-

ized patients and is associated with an increased risk
for death.(1-4) Despite advances in supportive med-
ical therapy, the frequency of ARF continues to
increase.(4) Iatrogenic factors are estimated to
account for the majority of these episodes.(1, 5)
Contrast-induced nephropathy (CIN) is the third most
frequent cause of in-hospital ARF and the incidence
will likely grow significantly with the broader utilization
of radiocontrast media for diagnostic and intervention-
al procedures.(4-6) CIN results in prolonged hospital-
ization, higher mortality rates, excessive health care
costs and potentially long-term kidney impairment.(7-
10) Moreover, CIN, or risk for CIN, may also delay or
cancel important diagnostic or therapeutic proce-
dures. 

DEFINITION AND DIAGNOSIS
Numerous definitions for CIN appear in the litera-

ture; however, CIN has been generally defined as an
acute decline in kidney function following the adminis-
tration of radiocontrast media in the absence of other
potential precipitants. While a diagnosis of CIN may
appear obvious, other important determinants for the
acute decline in kidney function, including atheroem-
bolic disease, renal ischemia, and confounding
nephrotoxins should be considered.(11-13) In
research studies and for greater generalization of
results and outcomes across clinical studies, CIN has
traditionally been defined as an increase in serum
creatinine of ≥25% or 44 mmol/L (0.5 mg/dL) above
baseline.(5, 14) This change in serum creatinine has
been correlated with both acute and long-term out-
comes.(7, 15, 16)  

Patients who develop CIN generally present with
an acute rise in serum creatinine within 24 to 48 hours
following injection of radiocontrast media. The ARF is
usually non-oliguric and can be associated with an ini-
tial low fractional excretion of sodium.(17) Urine stud-
ies may reveal granular brown casts, tubular epithelial
cells and mild proteinuria (<300 mg/day). An abnormal
urinalysis or markers of renal tubular injury can be
present despite no significant increase in serum crea-
tinine.(18-20) Likewise, despite a clear increase in
serum creatinine, the urinalysis can be bland and non-
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diagnostic.(18) The serum creatinine level generally
peaks within 3-5 days and returns towards baseline
within 7-10 days; however, in some patients kidney
function may not return to baseline and a persistent
reduction in function may occur.(7, 15, 21, 22) 

PATHOPHYSIOLOGY
Available experimental studies suggest that the

pathophysiology of CIN is due to the interplay of direct
tubular epithelial cell toxicity, alterations in renal hemo-
dynamics with resultant ischemia, and concomitant
atheroembolic showers of the renovasculature. While
understanding the mechanisms contributing to the
pathophysiology of CIN remains paramount for devis-
ing potential preventative strategies, this review will
focus predominantly on the epidemiology, risk factors,
outcomes and evidence for key interventions. More
detailed reviews of the pathophysiology of CIN have
been published.(23-25)

EPIDEMIOLOGY
Incidence: The incidence of CIN is highly variable

due to differences in study populations and in the
case-definition of CIN. Estimates of the incidence of
CIN are also prone to selection bias due to the fact
that the majority of data is derived from clinical trials or
hospital-based studies representing in-patient popula-
tions.  This becomes important to consider when the
rate of diagnostic imaging or angiographic procedures
being performed on an outpatient basis is increasing.
To our knowledge, no population-based assessment
of the epidemiology of CIN has been performed.
However, CIN remains one of the most important,
most common and predictable etiologies of ARF in
hospitalized patients.(1, 2, 4) The range of reported
incidence of CIN from hospital-based studies is 1-
37%.(1, 7, 8, 15, 16, 18, 22, 26-28) In a prospective
cohort study of 4,622 patients admitted to a tertiary
care hospital, Nash et al. reported that CIN was the
third most common etiology for hospital-acquired ARF
occurring in an estimated 1% of subjects admitted to
hospital, with the largest proportion of patients with
CIN (49%) having undergone cardiac catheteriza-
tion.(4) In two large retrospective studies of cardiac
catheterization patients, 3.3-3.5% developed CIN,
defined as an increase in serum creatinine ≥44
mmol/L(15) or ≥50% from baseline.(16) In a cohort
study of 425 patients receiving adequate oral or intra-
venous hydration prior to percutaneous coronary inter-
ventions, only 1.4% of the subjects developed
CIN.(28) However, when adjusting for pre-morbid
chronic kidney disease, the incidence of CIN increas-
es dramatically. In a prospective cohort study of 439
patients with known kidney disease (baseline serum
creatinine ≥159 µmol/L) undergoing elective cardiac
catheterization, 37% developed CIN (defined as
increase in serum creatinine ≥25% or need for RRT
within 48 hours of the procedure).(7)

Risk Factors: Transient declines in kidney function
after radiocontrast media administration have been

reported in almost all patients (29, 30); however, clini-
cally important reductions in kidney function are
exceedingly uncommon in patients with normal base-
line kidney function.(5, 14) Clinically important
declines in function are generally associated with the
presence of pre-existing risk factors. (Table 1) Rich et
al. demonstrated in patients undergoing cardiac
catheterization that the incidence of CIN increased
from 1.2 to 100% when the quantity of risk factors
increased from none to four.(31) Likewise, Rihal et
al.demonstrated that the risk of CIN was higher in dia-
betics compared with non-diabetics among those with

baseline serum creatinine <177 mmol/L and higher for
all patients with a baseline serum creatinine ≥177
mmol/L.(15) 

In several epidemiologic studies, multivariate
analyses have suggested that the presence of pre-
existing chronic kidney disease [glomerular filtration
rate (GFR) < 60 mL/min/1.73 m2], a diagnosis of dia-
betes mellitus, quantity of radiocontrast media admin-
istered, the presence of hypertension or hypotension,
increased age, anemia, recent acute myocardial
infarction, history of congestive heart failure, use of an
intra-aortic balloon pump, and the presence of shock
are independently associated with a risk for develop-
ment of CIN.(15, 21, 27, 31-39) 

A variety of other risk factors have been reported
and include a history of atopy, concurrent nephrotoxic
medications (e.g. non-steroidal anti-inflammatory
drugs, angiotensin-converting enzyme inhibitors), use
of furosemide, concomitant states of decreased effec-
tive circulating blood volume (e.g. congestive heart
failure, liver cirrhosis, nephrotic syndrome), low ejec-
tion fraction (<50%), and intra-arterial administration
of radiocontrast media.(7, 31, 35, 37, 40-45) Multiple
myeloma has been suggested as a risk factor but no
prospective or randomized data at present exists. The
available studies are limited due to retrospective
design and failure to control for differences in volume
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Table 1. Risk Factors for development of contrast-induced nephropa-
thy.

Established Risk Factors
Pre-existing chronic kidney disease
High dose (volume) of radiocontrast media
Presence of diabetes mellitus
Age > 70 years
Acute myocardial infarction
Decreased effective arterial volume
Mean arterial pressure < 100 mmHg
Use of intra-aortic balloon pump
Shock
Congestive heart failure
Cirrhosis
Nephrotic syndrome
Repeat radiocontrast media within 48 hours

Putative Risk Factors:
History of atopy
Hypertension
Multiple myeloma
Use of selective or non-selective non-steroidal anti-inflammatory drugs
Use of ACE inhibitors or angiotensin receptor blockers
Use of diuretics
Low ejection fraction (<50%)
Intra-procedural events
Complex percutaneous coronary interventions
Intra-arterial radiocontrast media injection
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depletion, hypercalcemia, severity of proteinuria,
infection or the utilization of potentially nephrotoxic
antibiotics.(46, 47) Overall, several studies support
the concept that the most important risk factors for the
development of CIN are the presence of pre-existing
chronic kidney disease or diabetes mellitus.(15, 21,
27, 30-32, 38, 39, 48) 

Mehran et al. have prospectively developed and
validated a simple scoring scheme for the risk strat-
ification for CIN, defined as an increase of ≥25% or
≥44µmol/L in serum creatinine from baseline, and
need for in-hospital RRT for patients undergoing
cardiac catheterization or percutaneous coronary
intervention (Table 2).(39) This scoring assessment
is derived from clinical information that is generally
widely available and could be easily incorporated for
both patients and clinicians at the bedside.

Incident renal replacement therapy and mortality:
Contrast-induced nephropathy complicated by need
for RRT is infrequent occurring in approximately 0.4-
1.1% of patients; however, higher rates have been

reported and again are primarily dependent on the
population being assessed.(4, 7, 8, 18, 27, 49) 

In a cohort study of 1,826 consecutive patients
referred for cardiac catheterization, McCullough et al.
reported that 14.5% patients developed clinically
important declines in kidney function attributed to
radiocontrast media exposure with 0.5% requiring inci-
dent RRT.(27) Risk factors independently associated

with need for RRT included reduced baseline creati-
nine clearance (CrCl), presence of diabetes mellitus
and increased radiocontrast media dose.  Of note, no
patient receiving <100 mL radiocontrast media or with
a baseline CrCl ≥47mL/min required acute RRT.  

In a prospective study of diabetic patients with
moderate to severe chronic kidney disease (mean
baseline creatinine 522 µmol/L) referred for cardiac
catheterization, CIN occurred in 50%, with 15% of
patients ultimately requiring RRT within 14 days.(37)
Similarly, in a prospective cohort of 439 chronic kidney
disease patients (serum creatinine ≥159 µmol/L)
referred for cardiac catheterization, Gruberg et al.
reported that 19% developed CIN and 7% overall
required acute RRT, with 4 patients failing to become
independent of RRT by hospital discharge.(7)

Independent factors associated with CIN requiring
RRT included increasing age, hypertension, diabetes
mellitus, prior coronary artery bypass surgery, chronic
kidney disease and a reduced left ventricular ejection
fraction.(49) Furthermore, the need for RRT resulted
in greater morbidity and utilization of health care
resources with higher rates of post-procedural
myocardial infarction, vascular and bleeding complica-
tions and prolonged duration of hospitalization.(49)  

In general, the outcomes associated with CIN
have been most often evaluated in patients referred
for cardiac catheterization. In this population, CIN is
associated with a reduction in both short and long-
term survival. Several epidemiologic studies have
reported hospital and 1-year mortality rates in the
range of 15-34% and 35-36%, respectively.(7, 8, 15,
38) In one study, long-term mortality rates in patients
with CIN, conditional on hospital discharge, were
9.8%, 12.1% and 44.6% at 6-months, 1-year and 5-
years, respectively.(15) For those who require initia-
tion of RRT, the prognosis is worse and the mortality
rates are considerably higher with estimated hospital,
1-year and 2-year mortality rates of 12-39%, 45-55%
and 81%, respectively.(7, 8, 15, 27, 49, 50) 

INTERVENTIONS FOR THE PREVENTION OF CIN
CIN is potentially preventable considering that the

administration of radiocontrast media is often associ-
ated with a planned procedure. Considerable efforts
have been undertaken to prevent or minimize the risk
of this complication. However, the clinical impact of
tested interventions has often been limited by conflict-
ing results, inadequately powered trials, and inconsis-
tency in the primary outcome definition.(51, 52) The
following is a critical appraisal of the available evi-
dence for kidney protection and the prevention of
CIN.(Table 3)

Interventions with Evidence of Benefit
Peri-procedural Hydration - In patients with chronic

kidney disease, the administration of intravenous flu-
ids in isolation has not been shown to completely
ameliorate CIN; however, intravenous fluids have long
been recognized as a means to reduce the likelihood
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Table 2. Prediction of risk for development of contrast-induced
nephropathy for patients referred for cardiac catheterization or percuta-
neous coronary intervention (Modified from reference(39)).

Abbreviations: IABP = intra-aortic balloon pump; GFR = glomerular fil-
tration rate; CIN = contrast-induced nephropathy; RRT = renal replace-
ment therapy.  

Definitions: hypotension = systolic blood pressure <80 mmHgfor at
least 1 hour requiring inotropic support or IABP within 24 hours of pro-
cedure; congestive heart failure = class III/IV or prior pulmonary
edema;  anemia = baseline hematocrit <39% for mean and <36% for
women.

Risk Factor Integer Score

Hypotension 5

Use of intra-aortic balloon pump 5

Congestive heart failure 5

Age  75 years 4

Anemia 3

Diabetes mellitus 3

Volume of radiocontrast media 1 per 100 mL

Serum creatinine   133 µmol/L
OR

GFR < 60 mL/min/1.73 m2:
40-60 mL/min/1.73 m2

20-40 mL/min/1.73 m2

< 20 mL/min/1.73 m2

4
OR

2
4
6

Risk Score Risk of CIN (%) Risk for in-hospital RRT (%)

≤ 5 7,5 0,04

6-10 14,0 0,12

11-15 25,1 1,1

≥ 16 57,3 12,6
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of CIN for patients with clinical risk factors.(26, 53-55)
Indirect evidence supporting hydration for the preven-
tion of CIN derives from randomized studies where a
hydration protocol in the control group was used in
comparison to hydration with other interventions such
as forced diuresis; however, considering the absence
of a non-hydration control group, the results may
falsely imply a direct benefit to hydration alone.(10, 26,
45, 55) Nevertheless, several clinical studies have
emerged assessing a variety of protocols for peri-pro-
cedure hydration. (Table 4)

In an attempt to reduce overnight hospitalization
for outpatient cardiac catheterization procedures, an
aggressive oral hydration protocol was compared to
standard intravenous hydration for 36 chronic kidney
disease patients (baseline serum creatinine
?124µmol/L) referred for elective cardiac catheteriza-
tion.(56) The investigators found no significant differ-
ence in the maximal change in serum creatinine at 48
hours or in the incidence of CIN. In contrast, a
prospective randomized study reported an intra-
venous isotonic hydration protocol was superior to
unrestricted oral fluids for reduction the incidence of
CIN (3.7% vs. 34.6%, p=0.005) in 53 patients under-
going elective cardiac catheterization.(57) Likewise,

Bader and colleagues suggested that intravenous
hydration was superior to oral hydration in patients
with normal baseline kidney function.(58) The discrep-
ancy between these trials may be accounted for by
fundamental differences in methodology, specifically
the hydration protocols. The oral hydration group in
the study by Taylor et al. had a prescribed volume of
1000 mL of water to be taken in the 10 hours preced-
ing cardiac catheterization followed by a six-hour intra-
venous 0.45% normal saline infusion at 300 mL/hr ini-
tiated prior to radiocontrast media exposure.
Therefore, patients in the oral hydration group
received on average 1000mL more volume, whereas
patients in the oral hydration group in the study by
Trivedi et al. were simply allowed unrestricted oral flu-
ids with no minimum requirements.

A recent prospective, randomized controlled open-
label study of patients referred for cardiac catheteriza-
tion compared isotonic hydration (0.9% saline) with
hypotonic hydration (0.45% saline) for the prevention
of CIN.(59) Although patients were mostly non-diabet-
ic and had near normal baseline kidney function
(mean baseline CrCl 84 mL/min), hydration with iso-
tonic saline was associated with a 1.3% absolute risk
reduction in the incidence of CIN (p=0.04).  On sub-
group analysis, those with diabetes mellitus and those
administered ≥250 mL radiocontrast media had the
greater benefit from isotonic saline hydration.

Recently, sodium bicarbonate has been hypothe-
sized to reduce the incidence of CIN by acting as a
buffer of free radicals generated in renal tubules fol-
lowing the administration of hyperosmolar radiocon-
trast media. In a single-center randomized trial of 119
patients undergoing elective diagnostic imaging,
Merten et al. report an 11.9% absolute risk reduction
in CIN, defined as a 25% increase in serum creatinine
at 48 hours, for sodium bicarbonate (sodium 154
mEq/L) compared with normal saline (sodium 154
mEq/L) hydration (1.7% vs. 13.6%; p=0.02). (60)
Despite several limitations, including a small, single-
center study, unscheduled early termination of the
study and loss-to follow-up of 18 patients, the results
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Table 3. Summary of clinical trial evidence for the prevention of con-
trast-induced nephropathy.

Abbreviations: RRT = renal replacement therapy

Beneficial
Hydration and/or Volume repletion
Iso-osmolar non-ionic radiocontrast media

Conflicting or Unclear Evidence
N-acetylcysteine
Ascorbic Acid (Vitamin C)
Statins
Adenosine antagonists
Prophylactic RRT
Prostaglandins
Calcium channel blockers

No Effect or Potential Harm 
Forced diuresis
Low-dose dopamine
Fenoldopam
Atrial natriuretic peptide
Endothelin receptor antagonists
Captopril

Table 4. Summary of clinical trials of hydration for prevention of contrast-induced nephropathy.

Abbreviations: N/A: not available; SCr: serum creatinine; CIN: contrast-induced nephropathy; RCT: randomized controlled trial; ARR: absolute risk
reduction; GFR: glomerular filtration rate; NaHCO3 = sodium bicarbonate

Trial Study Design N Baseline Kidney
Function Hydration Protocol Incidence of CIN Conclusion

Eisenberg (54) Prospective
cohort 537 N/A Non-specific hydration No CIN Reduced risk with hydra-

tion

Taylor (56) RCT 36 SCr > 124 µmol/L PO + IV vs. IV No CIN PO and IV equivalent

Trivedi (57) RCT 53 SCr > 106 µmol/L PO vs. IV PO 34.6% vs. IV 3.7% IV superior

Mueller (59) RCT 1383 GFR < 84 mL/min 0.9%NS vs. 0.45%NS 0.9%NS 0.7% vs. 0.45%NS 2.0 0.9%NS superior

Bader (58) RCT 63 GFR < 107 mL/min PO vs. IV vs. PO + IV IV 28% vs. PO 48% vs. PO + IV 55% IV superior to PO plus IV
or PO alone

Merten (60) RCT 119 SCr > 97 µmol/L NaHCO3 vs.0.9%NS NaHCO3 1.7%vs. 0.9%NS 13.6% NaHCO3 superior
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of this seemingly simple intervention are promising.  
The cumulative literature would suggest that vol-

ume depletion be avoided in patients with a planned
procedure in which radiocontrast media will be admin-
istered. Furthermore, there is reasonable evidence for
active peri-procedure hydration for those patients who
can tolerate volume loading, either with isotonic saline
or isotonic bicarbonate for prevention on CIN. 

Type of Radiocontrast media - There has been
considerable controversy as to whether the type of
radiocontrast media administered (e.g. ionic vs. non-
ionic, iso- osmolarity vs. low- osmolarity vs. high
osmolarity) can reduce the frequency of CIN. In
patients with normal kidney function, there is no sig-
nificant benefit of using non-ionic compared with ionic
agents.(61, 62) However, a randomized, double-blind
multicenter trial of 1196 patients demonstrated a ben-
efit of non-ionic (iohexol) vs. ionic radiocontrast
media in subjects with chronic kidney disease and
diabetes mellitus.(21) A meta-analysis of all random-
ized trials prior to 1991 comparing high and low-
osmolarity radiocontrast media suggested a reduction
in CIN with low-osmolarity radiocontrast media for
patients with chronic kidney disease.(61) Recently, a
multicenter, randomized, double-blind, study com-
pared the effects of iso-osmolar non-ionic (iodixanol)
vs. low-osmolar non-ionic (iohexol) radiocontrast
media in 129 high-risk patients (pre-existing chronic
kidney disease and diabetes mellitus) referred for
cardiac catheterization or aortofemoral angiogra-
phy.(63) The primary outcome was peak change in
serum creatinine from baseline to 72 hours following
administration of radiocontrast media. The use of iso-
osmolar contrast (iodixanol ) resulted in a significant-
ly lower peak increase in serum creatinine compared
with the low-osmolar radiocontrast (iohexol) and a
23% absolute risk reduction in CIN (3% vs. 26%,
p=0.002). The cumulative data available at present
would suggest evidence for the preferential use of
non-ionic iso-osmolar (e.g. iodixanol) radiocontrast
media in patients at risk for CIN along with an attempt
to administer the minimum total volume of radiocon-
trast media required to safely and adequately perform
the procedure.

Interventions with Inconclusive Evidence
Anti-oxidants - N-acetylcysteine (NAC) is a thiol

containing antioxidant with applications in various clin-
ical conditions, most commonly as prophylaxis for ful-
minant hepatic failure as a result of acetaminophen
toxicity.(64) The activity of NAC is believed mediated
through its properties as a scavenger of free-radical
species and increasing the synthesis of nitric oxide, a
potent vasodilator, in response to ischemic or other
toxic injury in the kidney.(65-67) Tepel et al. was first
to demonstrate in a small randomized controlled trial
of 83 patients with stable chronic kidney disease
(mean baseline creatinine 221 µmol/L) referred for
elective computerized tomography scans requiring
intravenous radiocontrast media (all received 75 mL)

that NAC plus hydration compared with hydration
alone resulted in a reduction in the incidence of CIN
(2% vs. 21%; P=0.01).(68) Thereafter, numerous stud-
ies have been published addressing the efficacy of
NAC for prevention of CIN with highly variable and
conflicting results.(69-90)  

Interestingly, in two studies where NAC was
found effective, the subjects randomized to placebo
had no significant mean increase in serum creati-
nine as expected for those at risk for CIN following
radiocontrast media administration.(68, 77) In con-
trast, those subjects assigned to NAC experienced a
mean decrease in serum creatinine and improve-
ment in creatinine clearance after radiocontrast
media exposure. The improvement in kidney func-
tion with NAC is unexplained.(91) Kay et al. suggest
that the vasodilatory properties of NAC may have
contributed to improvements in renal hemodynamics
and partly explain the reduction in serum creatinine
and increase in creatinine clearance in patients
receiving NAC.(77) Others have hypothesized that
NAC interferes with assays for serum creatinine,
that NAC increases renal tubular clearance of crea-
tinine or reduces endogenous production of creati-
nine.(52, 92) Estimates of creatinine clearance that
utilize a prediction formula based on serum creati-
nine or 24 hour urinary collections of serum creati-
nine may still overestimate the improvement in kid-
ney function if any of the above hypotheses are cor-
rect. No studies have reported the effect of NAC on
more direct measures of glomerular filtration such
as clearance of iothalamate, inulin or cystatin C.

Numerous systematic reviews have aimed to clar-
ify whether NAC is efficacious for prevention of
CIN.(93-100) Several of the meta-analyses that sug-
gest an overall risk reduction with use of NAC did not
adequately account for the heterogeneity among tri-
als nor the suggestion of publications bias.(93, 94,
99) A more recent meta-analysis, including a greater
number of randomized controlled trials, reported that
NAC may be protective - the pooled relative risk for
CIN was 0.65 (95% CI 0.43-1.0, p=0.05).(98)
However, the considerable heterogeneity across trials
remained unexplained.(98, 100, 101) An updated
summary of published randomized controlled trials of
NAC enrolling a total of >2,500 patients referred for
cardiac catheterization is displayed in Figure 1.

One hypothesis that has emerged from the avail-
able literature on NAC is that the kidney protective
effects may be dependent on the total dose of NAC,
route of administration, and baseline kidney func-
tion.(70, 72, 74, 87, 89) In general, clinical trials that
have used a high total dosage of NAC (>4,000 mg)
have been associated with significant reductions in
CIN.(72, 74, 80, 87, 89) The Rapid Protocol for the
Prevention of Contrast-induced Renal Dysfunction
(RAPPID) trial compared high-dose intravenous NAC
(150 mg/kg in 500 mL 0.9%NS over 30 min before the
procedure and 50 mg/kg in 500 mL 0.9%NS after the
procedure) to hydration alone in 80 chronic kidney dis-
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ease patients (mean baseline serum creatinine 160
µmol/L) referred for cardiac catheterization.(70) Both
groups received similar volumes of non-ionic iso-
osmolar (iodixanol) radiocontrast media. Based on an
average patient weight of 80 kg, the cumulative dose
of NAC administered in this study was approximately
16,000 mg. This is considerably larger quantity of NAC
than given in any other clinical trial to date. The high-
er dose protocol resulted in a significant reduction in
CIN when compared with hydration alone (5% vs.
21%, p=0.05).  Similarly, in a randomized trial of 224
chronic kidney disease patients referred for cardiac
catheterization, Briguori et al. demonstrated a reduced
incidence of CIN with a double-dose NAC protocol
(1,200mg PO twice daily) compared with a standard
dose NAC (600 mg PO twice daily) regimen (3.5% vs.
11%, p=0.04).(72) In this study, the procedures were
elective, permitting adequate hydration and all
patients received non-ionic, low-osmolality radiocon-
trast media. These investigators have further com-
pared low-osmolarity (iobitridol) and iso-osmolarity
(iodixanol) radiocontrast media in 225 chronic kidney
disease patients (baseline serum creatinine
≥133 µmol/L) all receiving prophylaxis with double-
dose NAC (1200 mg PO twice daily).(102) There was
no significant difference in the incidence of CIN
between low-osmolarity or iso-osmolarity radiocon-
trast media (2.7% vs. 3.5%, p=0.6). Finally, while the
use of NAC is associated with a reduction in CIN,
there is no evidence at present that NAC improves
either short or long-term outcomes.(87)

Although encouraging, results across studies have

been variable and difficult to interpret with certainty.
Taken together, the results of these studies should be
viewed as promising evidence of benefit, and suggest
that it is reasonable to use NAC in routine care
because of its relative ease of use, low cost, and
favourable safety profile. Ideally a well-designed multi-
centre trial is required that incorporates clinically
meaningful endpoints, rather than intermediate end-
points based on changes in serum creatinine.(51, 52,
103)

Given its anti-oxidant properties, ascorbic acid has
also been tested for the prevention of CIN. A recent
randomized trial of 231 patients with mild chronic kid-
ney disease (mean baseline serum creatinine 106
µmol/L) referred for cardiac catheterization reported a
reduced incidence of CIN in those receiving ascorbic
acid (5 gm) peri-procedure compared with placebo.
The occurrence of CIN was 9% in the ascorbic acid
group and 20% in those randomized to placebo
(p=0.02).(104) While provocative, confirmatory stud-
ies are required. Further, a concern regarding poten-
tial oxalate supersaturation also exists with the use of
high dose ascorbic acid.(105)

Haeussler et al. reported the presence of
increased reactive oxygen species after in vitro expo-
sure of cultured human proximal renal tubular cells
exposed to hydrogen peroxide that was attenuated by
the concomitant administration of the antioxidant sodi-
um-2-mercaptoethane sulphonate (MESNA).(106)
These authors further tested this antioxidant in 12
patients with stable chronic kidney disease (mean
baseline serum creatinine 296 µmol/L) prior to cardiac
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Figure 1. Forest plot of weighted odds ratios for contrast-induced nephropathy from 20 randomized clinical trials that use N-acetylcysteine in
patients undergoing cardiac catheterization.[Test for heterogeneity (Q) =32.2, p=0.03; I2 = 41.0%].
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catheterization by intravenous administration of
MESNA 800mg along with normal saline hydration.
The results demonstrated a reduction in reactive oxi-
dant activity and no significant difference change in
serum creatinine assessed at 48 hours.(106)

Experimental studies have suggested that hydrox-
ymethoylglutaryl coenzyme A (statin) therapy, per-
haps via pleiotropic effects on the vasculature, can
reduce expression of reactive oxygen species follow-
ing exposure to radiocontrast media.(107) Recently,
statin therapy has been hypothesized and proposed
to protect against CIN in patients undergoing cardiac
catheterization.(108, 109) In a large study of a car-
diac catheterization registry, Khanal et al. suggested
that pre-procedure therapy with statins reduced not
only the incidence of CIN (4.4% vs. 5.9%, p<0.001)
but also incident RRT (0.32% vs. 0.49%,
p=0.03).(109) However, there are several method-
ological concerns with this study that limit the appar-
ent inference of benefit with statin therapy in addition
to the marginal absolute clinical differences noted.
Specifically, there were significant differences in the
baseline characteristics of those designated as statin
vs. no statin therapy, not all important confounders for
the observed increase in serum creatinine were
accounted for, and concerns regarding the use of
propensity score adjustment in regression modelling
in the context of a low event rate.(110) While there
results are provocative and encouraging, further con-
firmatory studies are needed.

Adenosine receptor antagonists - Elevated endoge-
nous adenosine may contribute to the pathophysiology
of acute reductions in kidney function following radio-

contrast media exposure.(111, 112) Increased urinary
excretion of adenosine has been demonstrated follow-
ing the intravascular administration of radiocontrast
media.(113) In experimental models, adenosine-recep-
tor antagonists attenuate the vasoconstrictive effects
observed with radiocontrast media and preserve both
renal blood flow (RBF) and glomerular filtration perfu-
sion pressure.(114, 115) Small clinical trials in patients
with chronic kidney disease suggest that the prophy-
lactic use of theophylline, an adenosine-receptor
antagonist, may prevent or ameliorate the expected
decline in kidney function; however, results are incon-
sistent across trials.(10, 29, 42, 116-122) (Table 5) In
two of these trials, high-osmolality ionic radiocontrast
media was used and baseline kidney function was only
marginally reduced.(29, 117, 122) Another small cohort
study demonstrated no benefit for prophylactic intra-
venous aminophylline in prevention of CIN for patients
referred for angiography.(121) Likewise, Erley et al.
reported no significant preservation in kidney function
in a randomized controlled trial of 80 chronic kidney
disease patients (mean baseline serum creatinine 150
µmol/L) comparing prophylactic theophylline plus
hydration to hydration alone.(123) These results were
similar to a trial where prophylactic aminophylline failed
to reduce the incidence of CIN when compared to
hydration alone.(10) In contrast, Kapoor et al. reported
that prophylactic theophylline resulted in a risk reduc-
tion for development of CIN after high-osmolar ionic
radiocontrast media exposure in 70 diabetic patients
(mean baseline serum creatinine 102 µmol/L) referred
for cardiac catheterization.(119) Huber et al. reported
results of a randomized controlled trial of intravenous
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Table 5. Summary of clinical trials of adenosine antagonists for prevention of contrast-induced nephropathy.

Abbreviations: NR = not recorded or available; RBDPCT = randomized double blind placebo controlled trial; RCT = randomized controlled trial; TH = theophylline
or aminophylline; PL = placebo; GFR = glomerular filtration rate; SCr = serum creatinine.

Study Author Study Design N Baseline Kidney
Function Adenosine Antagonist Protocol Incidence of CIN Conclusion

Gandhi (116) NR 21 NR TH 125 mg PO bid 24 hr pre and 48 hr post TH 15% vs.control
13% No benefit

Erley (117) RDBPCT 39 GFR 75-78 mL/min TH 5 mg/kg IV 45 min prior GFR stable with TH TH superior

Katholi (29) RCT 93 GFR 79-82 mL/min TH 2.88 mg/kg PO q12 hr x 4 doses starting 1 hr
prior

GFR reduced less
with TH & non-ionic

contrast
TH superior

Kolonko (122) RBDPCT 58 GFR 106-108 mL/min TH 165 mg IV 30 min prior GFR stable with TH TH superior

Abizaid (10) RCT 40 SCr 168-203  mol/L TH 4mg/kg bolus then 0.4 mg/kg/hr infusion TH 35% vs. PL
30% No benefit

Erley (118) RDBPCT 80 SCr 150-168  mol/L TH 270mg PO qam, 540 mg PO qpm 24 hr pre
and 72 hr post

TH 5.7% vs. PL
3.4% No benefit

Kapoor (119) RCT 70 SCr 102-106  mol/L TH 200 mg PO bid 24 hr pre, 48 hr post TH 3% vs. Control
31%

TH superior,  use of
high-osmolar radio-

contrast media

Huber (42) RDBPCT 100 SCr 170-183  mol/L TH 200 mg IV 30 min prior TH 4% vs. PL 20% TH superior
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theophylline prophylaxis in 100 patients (mean base-
line serum creatinine 115 µmol/L) receiving a minimum
100 mL of low-osmolality radiocontrast media.(42) An
increase in serum creatinine >44 mmol/L was the pri-
mary endpoint. Theophylline resulted in a reduced risk
of CIN compared with placebo (4 % vs. 16 %, p=0.05).
Although these results are provocative, the trial is lim-
ited by baseline differences between the patients
assigned the two interventions and the clinical rele-
vance of the primary outcome.

Two recent systematic reviews have independent-
ly concluded that adenosine antagonists may reduce
the incidence of CIN.(124, 125) The pooled odds ratio
for CIN with theophylline demonstrated a trend
towards significance at 0.40 (95% confidence interval,
0.2-1.2, p=0.09).(125) (Figure 2) Overall, these results
are encouraging and adenosine antagonists may have
a role in prevention of CIN; however, due to the bor-
derline significance and variable findings reported
across trials, there is a need for a confirmatory large
well-designed trial.(124, 125) 

Prophylactic renal replacement therapy -
Hemodialysis can effectively remove radiocontrast
media from the circulation following administra-
tion.(126-131) Preventative RRT has been proposed
for high-risk patients following angiography with the
rationale that removing radiocontrast media from the
circulation ameliorates nephrotoxicity.(Table 6)
Lehnert et al. randomized 30 chronic kidney disease
(mean baseline serum creatinine 212µmol/L) patients
to 3 hours of RRT or no RRT immediately following the

administration of radiocontrast media, with no signifi-
cant difference in the occurrence of CIN between the
groups.(131) Likewise, similar trials of RRT for
removal of radiocontrast media have failed to demon-
strate significant reductions in CIN.(127-130, 132,
133) Furthermore, recent evidence suggests that pro-
phylactic RRT may be associated with an increased
risk of complications.(134) The ischemic and toxic
damage induced by radiocontrast media are in part,
likely immediate; therefore, efforts at removal follow-
ing intravenous administration are not indicated nor of
proven benefit in the absence of complications from
ARF.(135)

A recent randomized trial compared continuous
veno-venous hemofiltration (CVVH) (neutral balance
with QB 100 mL/min and replacement isotonic saline
1000 mL/hour) to isotonic saline hydration alone
(1 mL/kg/hour) in 114 high-risk patients with chronic
kidney disease (baseline serum creatinine
>177 µmol/L) referred for elective cardiac catheteriza-
tion.(136, 137) The primary outcome was CIN defined
as 25% increase in serum creatinine from baseline.
Continuous hemofiltration was associated with a sig-
nificant reduction in CIN compared with isotonic
hydration (5% vs. 50%, p<0.001). Also, the investiga-
tors demonstrated that receiving CVVH resulted in
reduced in-hospital (2% vs. 10%, p=0.02) and 12-
month (10% vs. 30%, p=0.01) mortality. However, the
results of this trial should be interpreted with caution
due to several concerning features. First, the investi-
gators instituted CVVH for oliguria >48 hours or the
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Figure 2. Forest plot of weighted odds ratios for contrast-induced nephropathy from six randomized clinical trials that use adenosine antagonists
[Test for heterogeneity (Q) =9.8, p=0.08; I2 = 48.8%] (Modified from reference (125)).
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development of pulmonary edema. This resulted in
25% of control patients initiating RRT during the study
period – an unexpectedly high incidence. Second,
defining CIN by absolute changes in serum creatinine
may bias towards a lower incidence of CIN in patients
receiving CVVH due to increased clearance of creati-
nine by CVVH. Furthermore, the results are potential-
ly confounded by CVVH patients having received
monitoring in intensive environment with greater atten-
tion to intravascular volume status. This group has
now reported a similar trial of variable protocols of
continuous hemofiltration for prevention of CIN.(138)
However, in general, due to the numerous method-
ological concerns, the complexity of the intervention,
the cost of providing CVVH and intensive care unit
admission, this therapy should not be routinely per-
formed outside of the usual indication for providing
RRT in ARF or in circulatory overload in patients with
congestive heart failure.(139)

Prostaglandins - Prostaglandin E1 (PGE1) is a
vascular endothelial peptide that can induce vasodila-
tion and counteract the vasoconstrictive actions of
ischemic or toxic injury in the renal circulation.(140,
141) Chronic kidney disease may alter and reduce the
local production of prostaglandins prompting unop-
posed and sustained vasoconstriction upon exposure
to radiocontrast media.(142) A randomized controlled
study of 130 patients with chronic kidney disease
(mean baseline serum creatinine 159 µmol/L) that
compared three doses of PGE1 infusions (10 ng, 20
ng and 40 ng) with placebo found a smaller increase
in serum creatinine in patients receiving 20ng dose of

PGE1 following radiocontrast media exposure.(143,
144) Unfortunately, the groups were not balanced at
baseline and no clinically relevant differences in out-
comes were found. The authors went on to hypothe-
size that a low-dose PGE1 infusion may prevent CIN;
however, PGE1 should not be routinely prescribed
until further corroborating trials are completed.

Calcium channel blockers - Calcium channel block-
ers (CCB), perhaps by inducing renal vasodilation,
have been shown in animal models to prevent reduc-
tions in RBF induced by radiocontrast media.(114,
145, 146) However, evidence from clinical studies
remains inconclusive.(147, 148) Two small random-
ized controlled trials suggest that a prophylactic dose
of a CCB ameliorates the decline in GFR following
administration of radiocontrast media.(149, 150) On
the contrary, two other randomized trials failed to show
evidence of any differences in excretion of urinary
markers of renal injury, kidney function or incidence of
CIN following a single prophylactic dose of a CCB.(20,
151) In one clinical trial that randomized 111 patients
with near-normal kidney function to receive single
dose nifedipine plus hydration prior to radiocontrast
media or hydration alone.(152) Only 85 patients were
included in the analysis and there were significant dif-
ferences in baseline characteristics of the groups.
Overall, there was no clinically relevant difference in
kidney function with the addition of nifedipine. Based
on the available data, there is inadequate evidence to
support the use of CCB for prevention of CIN. Results
of a larger randomized trial will hopefully determine
whether CCB can prevent or ameliorate radiocontrast
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Table 6. Summary of clinical studies of prophylactic renal replacement therapy for prevention of contrast-induced nephropathy.

Abbreviations: RCT = randomized controlled trial; CrCl = creatinine clearance; SCr = serum creatinine; IHD = intermittent hemodialysis; CVVH = continuous veno-venous hemofiltration;
QB = blood flow rate; QUF = ultrafiltration rate; RRT = renal replacement therapy; 
*Major event included: CIN requiring RRT, major cardiovascular event, death or RRT-related complications

Trial Study Design N Baseline Kidney
Function Intervention Outcomes Conclusions

Lehnert(131) RCT 30 SCr 200-228 mol/L Single session post-IHD vs.
Control CIN: IHD 53% vs. control 40% No benefit

Vogt(134) RCT 113 SCr 308-316  mol/L Single session post-IHD vs.
Control

*Major event: 24% IHD vs.
control 14%  No benefit

Huber(130) Observational 31 SCr 354 mol/L Single session post-IHD (no
control) CIN in 61% within 7 days No benefit

Frank(133) RCT 17 SCr 345-371  mol/L Single session peri-proce-
dural IHD vs. Control

CrCl no different at 7 days or
need for incident RRT No benefit

Marenzi (137) RCT 114 SCr 265-274 mol/L

Pre/post-CVVH (QB
100mL/min, QUF 1L/hr, for

24-30hr ) vs. 0.9% NS
Control

CIN: 5% CVVH vs. 50% con-
trol; mortality: 2% CVVH vs.

14% control

CVVH associated with
reduced incidence of

CIN and reduced mor-
tality; however, limita-

tions

Hsieh(132) Retrospective case-
control 40 SCr 309-345  mol/L Single session post-IHD vs.

Control
SCr no different at discharge,

3 and 6 months No benefit

Marenzi(138) RCT 92 SCr 318-327  mol/L 0.9% NS Control vs. post-
CVVH vs. pre/post-CVVH 

CIN: 0.9%NS 40%; post-
CVVH 26%; pre/post CVVH

3% 

CVVH associated with
reduced incidence of
CIN and need for fur-
ther RRT; however,

limitations
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media-induced reductions in kidney function.(147) 

Interventions with Evidence of No Benefit
Forced diuresis - Furosemide has been hypothe-

sized to reduce the potential for kidney medullary
ischemic injury in response to radiocontrast media
administration; however, this hypothetical benefit has
not been demonstrated in clinical studies.(45, 153) In
a randomized controlled trial of 78 patients with chron-
ic kidney disease undergoing cardiac catheterization,
Solomon et al. compared hydration alone vs. hydra-
tion plus forced diuresis with furosemide and manni-
tol.(26) The combination of furosemide and mannitol
was found to results in a higher incidence of CIN, sug-
gesting forced diuresis might paradoxically worsen
kidney function.  In a similar randomized controlled
study comparing hydration alone vs. hydration plus
forced diuresis with furosemide, mannitol and low-
dose dopamine, no significant differences in serum
creatinine at 48 hours or incidence of CIN was evi-
dent.(55) The available evidence has clearly suggest-
ed no benefit, and perhaps potential harm for use of a
regimen of forced diuresis for prevention of CIN.

Dopamine and fenoldopam (DA1 agonist)- Renal-
dose dopamine has long been proposed for preven-
tion of CIN by preserving RBF, GFR, and promoting
natriuresis and diuresis. In low doses, dopamine pre-
dominantly non-selectively stimulates two families of
intra-renal receptor subtypes: DA1 and DA2.(154,
155) DA1 receptors are primarily located in the renal
vasculature and proximal tubules where stimulation
results in renal vasodilation, natriuresis and diure-
sis.(156) DA2 receptors have been isolated in the
glomerulus, sympathetic pre- and post-synaptic nerve
terminals and renal tubules.(156) The physiologic
effects of DA2 appear more complex; where stimula-
tion may result in RBF redistribution by inhibition of
renin and medullary vasoconstriction.(156) 

Prospective clinical trials to date comparing pro-
phylactic dopamine infusions with hydration alone
have involved relatively few patients, have been
underpowered statistically and have demonstrated no
convincing reduction in CIN.(153, 157-160) Two small
randomized trials comparing the effects of hydration
plus dopamine therapy compared with hypotonic
saline hydration alone in high-risk patients referred for
cardiac catheterization reported no meaningful reduc-
tion in CIN when.(10, 161) In addition, the use of
dopamine may worsen kidney function in patients with
underlying diabetes mellitus and baseline serum crea-
tinine >177 µmol/L if continued after the development
of CIN.(10, 159) Finally, in a large, multi-centre, ran-
domized, placebo-controlled trial of continuous renal-
dose dopamine in critically ill patients with evidence of
early renal dysfunction, dopamine failed to demon-
strate evidence of renal protection or improvement in
clinical outcomes.(162) Moreover, renal-dose
dopamine may contribute harm by suppressing respi-
ratory drive, inducing tachyarrhythmias or myocardial
ischemia, and contributing to metabolic abnormalities,

volume depletion and bowel ischemia.(163-165)
Given that the current evidence suggests that renal-
dose dopamine is not clearly beneficial for the preven-
tion of CIN and that it may be associated with wors-
ened kidney function(166), renal-dose dopamine
should not be routinely administered for this indication.

Fenoldopam is a selective DA1 agonist with no
affinity for adrenergic DA2, α or β-receptors. It has
been shown to reduce systemic vascular resistance
while increasing RBF through reversal of the vaso-
constrictive effects of angiotensin II and endothe-
lin.(167) Fenoldopam improves both the renal cortical
and medullary blood flow, and decreases sodium
reabsorption in the proximal tubule.(168) In animal
studies, fenoldopam preserves RBF and GFR follow-
ing radiocontrast media administration.(169) In a pilot
study of 45 patients, Tumlin et al. demonstrated a
short-term improvement in RBF in patients exposed to
a prophylactic fenoldopam infusion during intravascu-
lar angiography.(170) However, no difference on the
incidence of CIN was demonstrated with fenoldopam
compared with placebo.  Similarly, Allaqaband et al.
found no difference in the incidence of CIN at 48 hours
with prophylactic fenoldopam infusion compared with
hydration alone.(69) While small non-randomized
cohort studies have suggested a benefit with
fenoldopam(171-176), a recent large, multicenter, ran-
domized controlled trial of 315 patients with estimated
GFR <60 mL/min (mean GFR 29mL/min) undergoing
elective cardiac catheterization that compared
fenoldopam infusion with placebo for prevention of
CIN demonstrated no benefit.(177) The primary out-
come was incidence of CIN defined as an increase in
baseline serum creatinine >25% at 96 hours following
administration.  All patients received a hydration pro-
tocol.  The primary outcome occurred in 33.6% of
patients receiving fenoldopam versus 30.1% receiving
placebo (p=0.61), with no differences in the secondary
outcomes of 30-day mortality, need for RRT, or re-
hospitalization. Based on the data from this definitive
trial, fenoldopam should not be used for prevention of
CIN.

Angiotensin converting enzyme inhibitors – While
captopril was hypothesized to ameliorate CIN by
reducing in renal medullary ischemia in a small single
centre study of 71 diabetic patients referred for cardiac
catheterization, without further confirmatory trials this
therapy should not be used.(178) ACE inhibitors are
generally recognized as precipitants of ARF. Their use
may theoretically worsen kidney function if introduced
in the setting of a patient with chronic kidney disease
referred for an interventional procedure where radio-
contrast media will be given.

Atrial natriuretic peptides - Natriuretic peptides,
including atrial natriuretic peptide (ANP) secreted prin-
cipally from the cardiac atria and urodilatin produced
locally in the kidney, have both demonstrated renal
hemodynamic and tubular actions.(179) Natriuretic
peptides have been shown to augment RBF and
glomerular perfusion pressure by selective vasodila-
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tion of afferent and constriction of efferent arterioles
while inducing renal tubular natriuresis through either
inhibition of the renin-angiotensin system, inhibition of
sodium transport in the inner medullary collecting
duct, or antagonizing the action of vasopressin in the
cortical collecting tubules.(179) Elevation of serum
ANP has been demonstrated following radiocontrast
media administration.(180, 181) The increase in
serum ANP has been suggested as an adaptive
response to the toxic effects of radiocontrast media
and counter the renal hemodynamic effects of
increased endothelin.(180, 181) ANP was shown to
significantly improve GFR and reduce the need for
RRT in a randomized trial of 53 patients with ARF
when compared with placebo.(182) However, larger
trials have not demonstrated similar benefit. In a large
trial of 504 critically ill patients with ARF, ANP failed to
demonstrate any improvement in dialysis-free sur-
vival; however, subgroup analysis suggested a benefit
in patients with oliguric ARF.(183) In a test of this
hypothesis, a follow-up study of 222 patients with olig-
uric ARF proved no difference in dialysis-free survival
or overall mortality with ANP versus placebo.(184)
Finally, a randomized, double-blind, controlled study
of 247 patients with stable chronic kidney disease
(GFR <60ml/min) compared three doses of ANP infu-
sions with hydration versus hydration alone.(185)
There were no significant differences evident for
change in serum creatinine or the incidence of CIN
with any of the three doses of ANP administration.
Based on the data available at present, there is no evi-
dence to recommend the use of ANP or similar ana-
logues for prevention of CIN.

Endothelin receptor antagonists – Endothelin is a
potent endogenous vasoconstrictor principally pro-
duced by vascular endothelium and a central regula-
tor of renal hemodynamics. Elevation in serum
endothelin has been hypothesized to play a contribut-
ing role in the pathophysiology of CIN. Elevation in
both serum and urinary endothelin concentration has
been shown following administration of radiocontrast
media.(186-188) Experimental studies have suggest-
ed that renal endothelin receptor blockade can pre-
vent and/or ameliorate the reduction in kidney func-
tion following radiocontrast media exposure.(189-
191) However, Wang et al. reported an increase in
CIN in 158 chronic kidney disease patients (mean
baseline serum creatinine 242 µmol/L) randomized to
receive a mixed endothelin α and β receptor antago-
nist plus hydration versus hydration alone following
cardiac catheterization.(192) At 48 hours, both dia-
betic and non-diabetic patients receiving endothelin
receptor antagonist demonstrated a greater increase
in serum creatinine from baseline and a higher inci-
dence of CIN (56% vs. 29%, p=0.002) compared with
hydration alone. The evidence available to date sug-
gests that endothelin receptor antagonists should not
be administered for the prevention of CIN. Whether
future clinical studies will establish a role of selective
endothelin receptor antagonists remains unclear.

CONCLUSIONS
CIN remains an important cause for iatrogenic and

in-hospital ARF that is associated with increased mor-
bidity and mortality. Several risk factors for CIN have
been identified including pre-existing chronic kidney
disease, diabetes mellitus, congestive heart failure,
concurrent critical illness and volume of administered
radiocontrast media. A scoring assessment tool has
recently been developed and published to assist in
quantifying an individual patient’s risk for CIN.

Despite advances in the epidemiology, pathophys-
iology and natural history of CIN, few effective pro-
phylactic or therapeutic interventions have conclu-
sively demonstrated evidence for a reduction in CIN
incidence and no therapy has proven efficacious once
CIN is established. At present, prevention of CIN is
aimed at identifying patients with risk factors in
advance of radiocontrast media exposure. In these
patients, in particular those with pre-existing kidney
disease or diabetes mellitus, consideration should be
given to delaying the diagnostic or interventional pro-
cedure until kidney function can be optimised.
Likewise, every effort should be made to identify and
correct underlying volume depletion and discontinue
potential nephrotoxins. During the procedure, a mini-
mum volume of radiocontrast media should be used,
including avoiding left venticulograms and performing
staged procedures if applicable.  

Interventions with evidence for prevention of CIN
included peri-procedure hydration and the use of non-
ionic iso-osmolar (e.g. iodixanol) radiocontrast media.
For those patients at high risk, there is evidence to
suggest a benefit with higher dose NAC. Clinical stud-
ies with adenosine antagonists, vitamin C and statins
are encouraging but require confirmatory trials. Based
on the available studies, there is inadequate evidence
for the routine use of renal replacement therapy, atrial
natriuretic peptides, calcium channel blockers, or
prostaglandins. There is no evidence to support pro-
phylaxis with diuretic therapy, forced diuresis, renal-
dose dopamine, fenoldopam, captopril, or endothelin
receptor antagonists.
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Possible Ways to Improve Treatment Tactics
in Acute Myocaridal Infarction

Moscow City Center of Interventional
Cardioangiology, which will be 10 in the current year,
has an experience with hospital treatment of over
6000 patients with acute myocardial infarction (AMI),
of these 4958 underwent selective coronary angiogra-
phy and left ventriculography, and 4757 – PTCA of the
infarct-related artery, in some instances accompanied
by intervention in other coronary arteries. In 1987
patients the procedure was performed within the first 6
hours after infarction. Intra- and perioperative mortali-
ty was < 1%.

For the last few years hospital mortality due to
acute myocardial infarction in the Center has been
4% or lower. We believe that such decrease of
mortality rate is mostly due to the extensive use of
endovascular diagnostic and interventional proce-
dures in clinical practice.

The experience acquired during these years gives
us the right to present our vision of the possible ways
to improve therapy for AMI to the audience. Below is
the brief strategy of diagnostic and interventional pro-
cedures in patients with AMI at pre-hospital stage and
during hospital stay.

Despite the obvious success in diagnosis and
treatment of AMI , there’re still many issues to be
resolved and fulfilled. This applies particularly to the
treatment options, which proved effective, but
haven’t been extensively adopted in Russia for
acute myocardial infarction. In the stepwise analy-
sis of diagnostic and therapeutic issues of acute
myocardial infarction one should first of all touch
the pre-hospital period. When speaking of the pre-
hospital period in AMI, the need for transition from
symptomatic to pathogenetic treatment should be
noted. It must be confessed that for a long period of

time the major objective for an emergency team was
the analgesia and fastest possible arrival to the near-
est hospital. By no means minimizing the importance
of these issues, we think, that along with these meas-
ures pathogenetic therapy must be initiated already at
the pre-hospital stage. In AMI this therapy must be
aimed at preservation of ischemic, but still viable
myocardium of the peri-infarction area. This area
can remain viable for hours and even days, thus
allowing for successful reperfusion procedures
both at pre-hospital stage and during hospital
stay. Above all this implies measures to restore the
impaired coronary circulation, that is, the thrombolysis
and its role in the early management of AMI. For sev-
eral decades thrombolysis, both systemic and intra-
coronary, has been known to provide at least partial
restoration of the blood-flow in the infarct-related
artery (IRA), thus improving the prognosis and func-
tional capability of the left ventricle owing to preserved
viability of the peri-infarction myocardium. At the same
time, thrombolysis procedure is not a standard in
Russia and is used occasionally. For example, the
rate of thrombolysis among MI patients in Moscow
is ≥≥12%, this value is even lower in other regions
of Russia. The vast majority of therapeutic proce-
dures are performed after patient’s admission to hos-
pital, i.e. with a delay between the onset of chest pain
and the onset of management. Meanwhile, it is well
known, that the sooner is the onset of thrombolysis,
the higher is the probability of vessel opening and
improvement of both early and long-term prognosis.
Therefore, a question arises concerning the need
for thrombolysis at pre-hospital stage. Efficacy of
these methods was advocated by many authors, who
had performed thrombolysis with high rate of success
and low rate of complications. This pilot study of pre-
hospital systemic thrombolysis was performed in
cooperation with Moscow emergency care service
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provided an additional evidence of efficacy and safety
of IRA reperfusion. Efficacy of thrombolysis has been
documented by urgently selective coronary angiogra-
phy performed immediately after the admission to hos-
pital. The above facts allow us to recommend pre-
hospital systemic thrombolysis for routine use in MI
patients, excluding those with strict contraindica-
tions:

1.Uncontrolled bleeding.
2.History of stroke or other severe brain injury.
3.Surgery or severe injury within the last 3 months.
4.Uncontrolled hypertension.
5.Prolonged (over 10 min) resuscitation.
6.Severe coagulation disorders.
7.Prolonged warfarin intake.
8.Treatment with IIB/IIIÀ receptors blockers within

the last week. 
9.Pregnancy.

Undoubtedly, systemic thrombolysis must be
accompanied by generally adopted measures: allow
me not to dwell on them because of the lack of time.

The use of cardiocytoprotective agents is another
example of the good prospects of AMI therapy at pre-
hospital stage and during hospital stay. Today cardiol-
ogists are armed with quite effective cardiocytoprotec-
tors, which can be used to prevent myocardial death
both after reperfusion and during ischemia of peri-
infarction and infarction areas. For the last two years
we have been earnestly engaged in this problem,
which has lead us to studies with intracoronary
infusion of these agents in AMI patients. As no one
has ever performed such studies, we have regis-
tered them as our invention.  This study has pro-
vided strong evidence, that intracoronary infusion
of cardiocytoprotectors (Mexicor or Neoton)
simultaneously with reperfusion of IRA con-
tributes to preservation of viable peri-infarction
myocardium, thus maintaining left ventricular
function at the higher level compared to patients
without cardiocyte protective therapy. 

This is confirmed by the fact, that blood level of car-
diospecific enzymes in patients receiving cardiocyto-
protectors was significantly lower as compared to
patients without such treatment. At the same time,
baseline level of serum enzymes, i.e. prior to cardio-
cytoprotective therapy, was similar in the study
groups.

The fact, that patients, who had received intracoro-
nary cardiocytoprotectors, had significantly higher left
ventricular ejection fraction after therapy as compared
to patients without such therapy, whereas baseline
LVEF values in the study groups were similar, serves
as another evidence of the above. Our results sug-
gest, that cytoprotectors contribute to preservation of
viable ischemic cardiomyocytes after reperfusion in
AMI patients.  Consequently, this offers an oppor-
tunity of extensive use of cardiocytoprotectors,
both intracoronary (immediately after IRA recanal-
ization) and, more importantly, intravenously at

pre-hospital stage, immediately after systemic
thrombolysis. Intravenous use of cardiocytoprotec-
tors at pre-hospital stage in AMI patients is, to our
belief, reasonable even without thrombolysis, i.e. with-
out any signs of myocardial reperfusion, as the drug
can penetrate left ventricular peri-infarction area
through the existing intersystem and intrasystem coro-
nary anastomoses.

Another question to be analyzed separately is
the urgent selective coronary angiography and left
ventriculography, as well as those endovascular
therapeutic methods that follow. This pertains to
patients with Q-wave MI, including those after pre-
hospital systemic thrombolysis, as the latter not
necessarily provides IRA reperfusion; but even
with successful thrombolysis recanalization
leaves the so-called residual stenosis in the
majority of cases, which substantially impairs
local coronary flow, especially since reocclusion
during hospital stage is known to occur in 22% of
cases leading to recurrent AMI in 10-12% of cases.
This became especially reasonable after clinical impli-
cation of coronary stenting.  Therefore, systemic
thrombolysis should be regarded as the first stage
of IRA reperfusion, allowing for early partial ante-
grade reperfusion of IRA, however, more complete
and prolonged reperfusion of IRA requires selec-
tive coronary angiography and left ventriculogra-
phy (followed by IRA angioplasty or angioplasty of
other coronary arteries when indicated) to be per-
formed on the next stage as soon as possible. As stat-
ed above, these procedures should be performed as
soon as possible.  Therefore, systemic thromboly-
sis and PTCA of the IRA should be regarded as
complementary methods on various stages of
treatment, rather than alternative methods.

In this connection, the choice of hospital to which
the patients with Q-wave AMI should be admitted is
particularly important. Speaking of Moscow, I can
unambiguously say, that there’s an number of hospi-
tals with interventional radiology departments enough
to perform urgent or semi-urgent endovascular thera-
py in patients with AMI. The same applies to many
large cities of Russia. Thus, certain administrative
measures and financial support can set up urgent
endovascular care for AMI patients in many regions.

The hard core of the above mentioned facts is
that patients with Q-wave AMI should be admitted
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to hospitals with round-the-clock (so-called NON-
STOP) interventional radiology service instead of
other hospitals, unless such service is unavail-
able.

Thus, after admission to hospital, diagnostic and
therapeutic procedures that follow should be accom-
panied by urgent selective coronary angiography and
left ventriculography in Q-wave AMI patients within the
first 6 hours after AMI (or later if chest pain episodes
persist). Depending on the results, endovascular ther-
apy or, when such are contraindicated, extended med-
ical therapy should be performed. Worthy of notice is
the fact, that IRA reperfusion should be accompa-
nied by intracoronary administration of cardiocy-
toprotectors. I also wish to say, that endovascular
reperfusion of IRA should be aimed at correction
of impaired perfusion in other coronary arteries as
well, i.e. the complete myocardial revasculariza-
tion. In cases when a patient is beyond the first 6
hours threshold and there’s no chest pain, one
should decline urgent selective coronary angiog-
raphy and adhere to conservative therapy.    

Later on, depending on the clinical course, which
can be uneventful or complicated, diagnostic and ther-
apeutic strategy can slightly vary. (slide)  What must
be remembered is that there’s a minimum standard of
studies, without which the patient can not be dis-
charged from the hospital. 

If the clinical course is uneventful, at day 2the

patient should be transferred from ICU to the depart-
ment of emergency Cardiology, administered ambu-
lant regimen and oral medications. The mandatory
condition is 24-hour ECG monitoring and a stress test
performed during hospital stay (8 to 10 days). On the
basis of combined data the treatment strategy is
defined individually. Absence of transient myocardial
ischemia or other alarming signs during 24-hour ECG
monitoring, presence of high exercise tolerance and
negative stress-test indicate, that the patient should
be reallocated to rehabilitation department or cardio-
logical health resort institution after 12 days. The
patient should also be clearly advised to receive spe-
cialized medical consultation in the event of angina or
its equivalent signs in a view of in-hospital examina-
tion, including selective coronary angiography with
everything that might follow. If during hospital stay a
patient develops transient myocardial ischemia on
Holter monitors study or has decreased exercise tol-
erance, as well as positive stress-test, selective coro-

nary angiography and left ventriculography followed
by endovascular therapy, direct myocardial revascu-
larization or continued drug therapy (when indicated)
should be performed without discharge.

If complications arise, including early postinfarction
angina or other equivalents of transient or permanent
myocardial ischemia during hospital stay, particularly
when in ICU, patients should undergo endovascular
procedure, direct myocardial revascularization or con-
tinue medical therapy.

This was the brief description of diagnostic and
therapeutic measures at pre-hospital and during hos-
pital stay in patients with Q-wave myocardial infarc-
tion.
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Recently, it is a common practice worldwide to use
the guidelines for treatment of various diseases,
including different forms of acute coronary insufficien-
cy. These guidelines are created collectively by promi-
nent specialists in their fields, and following the guide-
lines provides an adequate level of outcomes. One
example: American scientists have analyzed the situ-
ation in the U.S.A. hospitals and compared the hospi-
tal mortality rate in patients with acute myocardial
infarction (AMI) in the in-patient institutions that are
following the current guidelines with those that are not
strictly following the guidelines. In those institutions
that were using the guidelines the mortality rate was
virtually 2-fold lower. Let me remind you that I was
referring to the U.S.A. Now lets talk about our country.
Unfortunately, for a long time we followed the common
idea that we are, if not the best, at least no way inferi-
or to the leading countries, particularly in the field of
cardiology. However, objective appraisal shows that
this is not quite that way. In 2002, Russia participated
in a large international trial, and the analysis demon-
strated that we were far from the best there  . 

The reason for that seems to be less common use
of so-called hi-tech methods for treatment of AMI, as
professor David Iosseliani has mentioned already.
Today in my speech about the drug therapy for AMI
the matter of discussion is the basic treatment of AMI
assuming it has no complications, which is based on
the most current international guidelines.

What comprises the modern medical therapy of
patients with AMI? First and foremost, it includes anal-
gesia, prevention of ventricular fibrillation, nitrates,
antiaggregants, anticoagulants, restoration of the
coronary blood flow, both drug-based and non-drug-
based, beta-blockers, ADP inhibitors, and, since
recently, statins.

There was nothing essentially new in analgesia for
the last 30 years; we still use morphine sulfate to
relieve pain as we did before. At least that’s true for
the vast majority of the cardiologists. There surely are
significant changes in the aspect of ventricular fibrilla-
tion prevention, and they lie, before all, in stopping of
preventive treatment with lidocaine. Now the basis of
the ventricular fibrillation prevention consists of two
things: adequate application of beta-blockers and
restoring the normal electrolyte balance. This is most
applicable to the serum potassium level.

There is one relatively new moment that appeared
in the last year. You know that for many years, since
the early 60-s to be exact, after the famous works of

Polaris, we returned more than once to the issue of
efficiency or inefficiency of the so-called “polarizing
solution” (glucose-potassium-insulin solution). By now,
this issue is closed. This solution has no effect what-
soever. Last year there was a report of a large study,
which included over 20,000 patients. In this study the
drugs comprising the “polarizing solution” were used
in very high concentrations. Suffice it to say that
insulin was administered in over 50 units per 24
hours, and there was a substantial dosage of potassi-
um chloride used, and also there was a high volume
load — 2,500 ml per 24 hours. The result of these
was null. 

A group of Dutch researchers reported the results

of application of potassium-glucose-insulin solution in
patients all of which underwent primary coronary
angioplasty. The results were null as well. Therefore,
as of today, we may exclude the potassium-glucose-
insulin solution from our everyday practice.

The role of nitrates is certainly important. I’m not
going to talk about the theoretical rationale details of
usage of these drugs herein, but I will start from
demonstrating the experimental studies which show
that administration of nitrates in a timely manner — in
this case, the infusion of nitroglycerine is meant (I
must emphasize, in experimental conditions), — sub-
stantially reduces the extent of ischemic damage to
the myocardium. These data have later been support-
ed by clinical trials. To be completely honest, I per-
sonally don’t have a total certainty that nitrates in
uncomplicated Q-wave MI produce such a substantial
reduction of mortality. But, as to my opinion, there cer-
tainly is a benefit in using those.

I’ll give one practical detail, which concerns any
drug that actually works. Such drug will demonstrate
its maximum of efficiency in the most severely ill
patients with the worst prognosis. That concerns not
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only the nitrates, but also ACE inhibitors etc.
I’d like to point out the results of the study con-

ducted by our German colleagues. It involved the
patients who concurrently received thrombolytic thera-
py and isosorbide dinitrate. In those cases when the
restoration of the coronary blood flow was achieved,
the extra effect of nitrates was nearly undetectable. At
the same time, in those cases where the coronary
blood flow could not be restored by thrombolysis, and,
as you know, such patients had a far poorer progno-
sis, the administration of nitrates did produce the
effect.

Treatment with antiaggregants is another outstand-
ing chapter in the therapy of MI patients. The no. 1
drug here is aspirin I will allow myself to remind you
this scheme: aspirin inhibits the platelet cyclooxyge-
nase, thus breaking the chain of formation of throm-
boxane A2, which is a potent pro-aggregant, from the
arachidonic [NS1]acid. This is the biochemical back-
ground of aspirin action. Aspirin significantly reduces
the levels of 11-dehydro-thromboxane B2 not only in
the conventional dosage of 150, 160, 200 mg, but
also in a much lower dosage — 75 mg per day.

It is my opinion that one of the most outstanding
studies in the field of cardiology through all of the
years for which such studies are being conducted, is
the OASIS2 study. It was this study that actually
proved the clinical efficacy of aspirin administration.
Fascinatingly, such undoubtedly pathogenesis-
grounded and potent intervention as restoration of
coronary blood flow by thrombolysis actually yields the
same actual reduction of mortality as does aspirin
alone. It is no doubt an outstanding drug. Let me just
remind you that it only costs 9 dollars to save one
human life by using aspirin, while it does cost, say,
tens of thousands of dollars to save one human life
with coronary artery bypass graft surgery. Now imag-
ine that health care authorities have limited funds,
what should they spend them for? For providing the
whole population of their country with a cheap drug for
no charge, or to provide a couple of CABG surgeries? 

As for the dosage. Average maintaining dose for
aspirin is 75–300 mg/day. I only want to draw your
attention to one thing, which needs to be held sacred:
the first dose for a previously untreated patient should
be no less than 300 mg. If you use what we call the
maintaining dose (75 mg/day) initially, then the throm-
boxane B2 plasma level will reach the target value

only at the 2nd, or even, to be precise, at the 3rd day.
For acute MI, these timings of drug action are unac-
ceptable. While if you do give the drug in its full
dosage, you’re going to reach the effect virtually in 30
minutes.

I would like to remind you that cyclooxygenase
pathway is not the only way of platelet activation, and
there also are some other inductors, particularly ADP.
Today we do have potent drugs which affect the ADP-
induced aggregation. These include the group of
thienopyridine derivatives, particularly ticlopidine. As
of today, the most well known drug is clopidogrel.
Aspirin and clopidogrel combination appeared to be
extremely effective. A study called “CLARITY-TIMI 28”
has been completed relatively recently. Patients in this
study received a complete course of treatment includ-
ing thrombolysis, but some of them were additionally
given clopidogrel (loading dose and then maintaining
dose), while others were not given any clopidogrel. By
the end of the first month a substantial difference in
results has been shown. When evaluating the out-
comes by such parameters as cardiovascular death,
recurrent MI and the need for emergency revascular-
ization, the difference between groups was 20%.
Clopidogrel does not increase the number of bleeding
events. Yet the most interesting data were reported by
our Chinese colleagues. They conducted a study in
which clopidogrel was given not only to those patients
who underwent restoration of coronary blood flow, but
generally, to all the patients with MI, not even giving
any stress testing. They also demonstrated a signifi-
cant decrease in the undesirable outcomes. Thus, as
of today, clopidogrel is evidently a necessary addition,
an essential component of the therapy, which we, from
my perspective, may start using even at the pre-hos-
pital stage, if, of course, the patient has no contraindi-
cations, although this is not yet in the official guide-
lines. If such patient is admitted to a center where he
may undergo PTA (percutaneous transluminal angio-
plasty) he will get better preparation for this procedure.
If not, anyway, the benefit of administration of such
combination therapy is obvious.

Anticoagulants. For some reason we still have a
strong belief that MI must be treated with heparin.
Actually, no one has proved it. And today in case of the
uncomplicated MI — may I remind we are discussing
the MI with ST elevation (STEMI) — you are not obli-
gated to treat it with heparin, unless you are a sup-
porter of this method. However, heparin should be
used in several special occasions, and there is no
doubt that it must be used with some types of throm-
bolytic therapy. So-called fibrin-non-specific throm-
bolytic agents, such as streptokinase, which we,
unfortunately, are using most often, do not require
concurrent heparin administration, while fibrin-specific
agents seem to show better results with background
heparin. However, why would I remark this point?
Well, it’s only because we do use heparin in these
patients in a wrong way. Today the maximum allowed
bolus dose for intravenous administration is 4,000
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units. And it would be even more appropriate to calcu-
late the individual dosage, which is 60 units per 1 kg
of patient’s body weight. Still, no matter how big is the
body weight, the initial dose should not exceed 4,000
units. And after that, a maintaining infusion should be
continued with the rate of infusion 12 units/kg/hour,
however, this still must not exceed 1,000 units per
hour if patient weights over 70 kg. If the weight is
lower, that is another issue. This is to be controlled by
activated partial thromboplastin time (APTT), which
should be 1,5–2 times the normal value. Duration of
infusion is to be 48 hours, no longer. That is for so-
called unfractionated heparin. However, also relatively
recently, and also in the developing countries, there
was a study of a version of low molecular weight
heparin, which I had never heard of before — neither
in books, and nor in any other country. It was called
rerifarin. This study showed that addition of the low
molecular weight heparin may potentially improve the
outcomes for patients with any STEMI. Evidently, we
cannot use these data in our country because we just
don’t have that drug here. However, these results do
come under notice, and we must be ready to include
the low molecular weight heparin into the list of drugs
recommended for the treatment of such patients once
we obtain the appropriate evidence.

Now there are the latest data, literally three days
old. These are the results of the EXTRACT-TIMI 25
study. This study, in which Russia participated as well
(and we did recruit the biggest number of patients in
it), compared the results of treatment with enoxaparin
vs. unfractionated heparin in patients with acute MI
receiving thrombolytic therapy. The study showed that
enoxaparin was much more effective than unfraction-
ated heparin. I’m not going into details of this study,
but I want to draw your attention to the fact that the low
molecular weight heparin is associated with bleeding
complications significantly more often.

There is another issue I’d like to cover. You are
aware that there are different classes of polysaccha-
rides that have anticoagulant properties. If the number
of sugar units is large, about fifty, that is unfractionat-
ed heparin. If there are about 18 units, that is a low
molecular weight heparin. And, lastly, a relatively new
class of anticoagulants has recently been introduced.
This one consists of a small number of sugar units and
selectively affects the factor Xa. When the unfraction-
ated heparin is used, it affects the factor II; low molec-
ular weight heparin has nearly equal effect on the fac-
tors II and X; and administration of pentasaccharides
produces influence only on the factor Xa. Several days
ago the results of a new study, OASIS 6, have been
reported. This study has quite a complex design. I
don’t have an opportunity to go into details with it now,
but, in essence, it compared the effectiveness of fon-
daparinux and unfractionated heparin in various treat-
ment options of acute MI patients, including thrombol-
ysis, primary angioplasty, and in patients who had not
received any of the methods of coronary blood flow
restoration. I will only mention one result of comparing

fondaparinux with unfractionated heparin in patients
who had their coronary blood flow restored with throm-
bolytics. Fondaparinux has substantial advantages
over the unfractionated heparin. And, if we are to
recall the results of another study, OASIS 5, in which
attention was focused on the acute coronary syn-
drome without ST elevation, and has compared the
fondaparinux with the low molecular weight heparin,
fondaparinux there also showed its undoubted bene-
fits, therefore we may conclude that quite soon we will
have a sufficiently effective anticoagulant being signif-
icantly less expensive than low molecular weight
heparin.

Beta blockers. I’m not reminding their mechanism
of action. Their use in acute MI is surely positive. I’ll
present the results of one German study performed in
the North Rhine-Westphalia Land, which I like very
much. Clinical studies may have various structures.
One option is to have a specially constructed design
with strict eligibility criteria etc. Such studies have
their benefits, and we couldn’t make it without them
today, but they also have their significant limitations.
Yet there is another kind of analysis, the one which
our German colleagues employed. They took all the
patients undergoing treatment in this region of
Germany with the diagnosis of “myocardial infarc-
tion”. They didn’t pay attention to its details, such as
whether it has complications or not, whether there is
concurrent diabetes mellitus or there isn’t, they just
included everyone, who had the diagnosis of myocar-
dial infarction. And then they evaluated the results
and outcomes in those patients who received beta
blockers and in those who did not. It appeared that
the hospital mortality rate in those who received beta
blockers was 8%, while in those, who did not receive
these agents, the rate was virtually 2-fold higher.
Today I also would like to state specially that the first
dose of beta-blockers should apparently be adminis-
tered intravenously. I have already mentioned more
than once that the myocardial infarction is a rather
dynamical process, that is why we are very anxious to
have the result neither somewhat later, nor tomorrow,
but today, and not in an hour, but it better be in the
next few minutes. Now consider that if you start treat-
ing the patient with the oral tablets of beta-blockers,
you’ll achieve the appropriate decrease of heart rate
(and this is usually the sign that we judge the ade-
quacy of the dosage by) only within somewhere 1,5
days. This time interval is absolutely unacceptable in
case of MI. While when we start the intravenous
administration of the drug, we get the appropriate
result literally in several minutes.

Angiotensin-converting enzyme inhibitors.
Myocardial infarction involves remodeling of the left
ventricle, and the angiotensin-converting enzyme
inhibitors prevent this process from developing, by
which they significantly improve the outcomes for
patients, especially for those who have their left ven-
tricle function compromised. Use of ACE inhibitors
helps saving 57 lives per every thousand of treated
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patients. It is especially interesting that this is
achieved not only by reducing the number of people
with progression of the heart failure, but also by
decreasing the occurrence of the recurrent MI.

There are some issues regarding ACE inhibitors
that I would like to shed some light upon today.

First. I must say that one of the founders of this
trend, Dr. Pfeffer, was in his time advocating to start
the ACE inhibitors therapy not immediately, but 10-14
days after MI onset. His opinion was based on his
ideas about the development of the remodeling
processes etc. This might have had some back-
ground, theoretically. And it was for a long time that
there was a common concept to use the ACE
inhibitors accurately in these timing terms. However,
when the results of the actual studies were analyzed,
it appeared that if the total number of people with MI
saved thanks to ACE inhibitors was 100%, then the
40% of these 100 were saved in the first 24 hours, i.e.
in the cases of an early start of ACE inhibitors admin-
istration. If we look at the first week, that will be anoth-
er 43%. Therefore, ACE inhibitors must be started as
soon as possible, right after the stabilization of hemo-
dynamics, or, to speak in simple terms, when the sys-
tolic blood pressure is higher than 100 mmHg.

The second issue which has been under discus-
sion for a long time, and, for some reason, especially
long in our country: can ACE inhibitors be given con-
currently with aspirin? Administration of aspirin to such
patients is out of question, as we know. But, suppos-
edly, ACE inhibitors and aspirin are the combination
that eliminates the effects of both drugs. Currently, it
has been shown to be wrong assumption, and in any
case the ACE inhibitors may be given concurrently
with aspirin, without any impact to the effectiveness of
either agent. All that I’m talking about is not only our
personal data, this is the evidence obtained in large
international studies.

The contraindications for ACE inhibitors are com-
mon knowledge.

And, finally, the last thing I would like to talk about
today, is the use of statins. Similarly, statins were con-
sidered to be the agents for administration in later
terms of the acute myocardial infarction, but life gave
some amendments to the issue. Swedish researchers
studied the long-term treatment outcomes in two
groups of patients with MI: The 1-st group started
receiving the statins during hospitalization, while the
2-nd group started statins later, after being dis-
charged from hospital. It appeared that by the end of
one year there was a significant difference in progno-
sis between the two groups. After that special studies
were initiated which were evaluating exactly this
issue, and they, evidently, showed that early adminis-
tration of statins is quite reasonable. Generally, I must
point out, that these drugs are just amazing, and their
mechanism of action is sometimes not very clear.
Recently, I’ve read an article in which there is an
analysis of outcomes for patients who have experi-
enced MI and suffer from ventricular tachycardia.

Obviously, people without ventricular tachycardia
must have better prognosis than those who do have
the ventricular tachycardia. But, if both of these
groups are receiving statins, their prognosis becomes
virtually similar. The mechanism for that is unclear,
but the fact is supported by evidence. Importantly, the
statins should be used in all patients with MI, regard-
less of their lipid profile. If you look at the patients who
have their baseline level of cholesterol and low den-
sity lipoproteins above 130, which is the group of
those who, seemingly, are most demanding such
therapy, in this group you get the undoubtedly posi-
tive result. If you look at those patients who have their
level of cholesterol and low density lipoproteins with-
in the range of 100 to 120 mg — you’ll see the same
result. But most fascinatingly: if you look at the
patients who have their level of cholesterol and low
density lipoproteins below the level just recently con-
sidered to be the target level, statins produce the
same result, no different from the first and the second
groups. Therefore, statins, in the absence of any seri-
ous contraindications, should be given to all of the
patients with acute MI, at any stages of the process
and, naturally, in the late terms too.

What I have just listed is the basis of the drug ther-
apy of patients with acute MI. Following these
approaches plus, naturally, restoration of coronary
blood flow, allowed for a significant decrease of the
hospital mortality rate, which, however, did not reach
the figures mentioned here by David Iosseliani; we
have 4,5% mortality rate for the large-focal MI, but,
nevertheless, it is substantially lower than it was 60
years ago, when it amounted to about 30-40%.
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Introduction
Acute myocardial infarction is caused by plaque

rupture with subsequent vessel occlusion. In the case
of early reperfusion myocardial necrosis can be avoid-
ed or limited. Numerous randomized trials have
demonstrated that percutaneous coronary intervention
(PCI) is superior to intravenous trombolysis with
respect to major cardiac and cerebral adverse events
(1-3). A recent paper by Zahn and co-workers (4)
showed that independent predictors of in-hospital mor-
tality are cardiogenic shock, technical success, age,
three vessel disease anterior infarction and volume of
primary angioplasty at the hospital.  The data were
derived from a large prospective registry of the
Arbeitsgemeinschaft Leitender Kardiologischer
Krankenhausarzte (ALKK). Data of unselected patients
with STEMI admitted to German university hospitals,
however, are missing because university hospitals in
Germany are usually not participating in the ALKK reg-
istry. Thus, we thought to retrospectively analyze our
results of primary PCI at the University Hospital
Erlangen over the last six years.

Material and Methods
Data were collected retrospectively from the year

1999 until 2004 and analyzed locally. STEMI was
defined as persistent angina pectoris and ST-segment
elevation of > 1 mm in at least two standard leads or
> 2 mm in at least two contiguous precordial leads.
Pre-hospital delay was defined as the time from onset
of symptoms until admission to the hospital. In-hospi-
tal delay was defined as the time from admission until
arterial puncture. Angioplasty was performed accord-
ing to good medical practice. Success was defined as
achieving TIMI flow grade 3. All patients with onset of
angina pectoris < 24 hours were analyzed. Patients
transferred from another hospital were also included in
the analysis.

Patient population is given in absolute numbers,
percentages, and mean (SD). Categorical values
were compared using chi-square test. or Fisher`s
exact test. For all analyses, a two sided p value of
<0.05 was considered statistically significant.

Results
A total of 405 consecutive patients with STEMI

were enrolled in the analysis. Ninety patients (n=90)
were ≥75 years of age and 28% of patients were
female. The majority of patients had arterial hyperten-
sion, diabetes mellitus and were smokers. Table 1
gives the demographics of the study population. 

Table 1. Demographics (n=405).

MI = myocardial infarction. PCI = percutaneous coronary intervention

Anterior infarction was very frequent (185/405;
45.7%) The percentage of patients who had been
resuscitated or presented with cardiogenic shock
(Killip class IV) was 12.8% (n=52) The number of
patients showing an ejection fraction of £25% docu-
mented by echocardiography on arrival to hospital
was found in 34(8.4%) patients. Onset of angina pec-
toris to arrival at hospital was 240+251 min, and, hos-
pital-specific PCI related delay was 66+47 min. (Table
2). 

Table 2. Baseline characteristics (n=405).

In most patients (81%) angiography was started
within 90 minutes (Fig 1). 
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Age 68±12

Female 114 28.1%

Hypertension 283 69%

Diabetes 125 30.9%

Smokers 231 57%

Hypercholesteremia 165 40.7%

Previous MI / PCI 70 17.3%

Previous stroke 36 9%

Killip IV 52 12.8%

Anterior infarction 165 40.7%

Ejection fraction < 25% 34 8.4%

Onset of angina 240±251

Door to angiography 66±47

Figure 1.
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The left anterior descending artery was the infarct
related artery in nearly half of the patients (Table 3).

Table 3. Infarct related artery (n=405).

LMA = Left main. LAD = Left anterior descendens. CX = Circumflex. RCA = Right coronary
artery. SVG = Saphenous vain graft. MVD = Multivessel disease

Table 4 summarizes the data on the procedure. 

Table 4. Procedural data (n=405).

All 405 patients had emergency angiography fol-
lowed by PCI in 368 (91%) of patients, 89.6% of these
received a coronary stent and TIMI flow grade 3 was
achieved in 85% (77% of our study population;
n=312). IIb/IIIa receptor antagonist were frequently
used (n=306; 75.6%). Only medical treatment was
performed in 6% of patients (n=27). Thrombolysis was
not performed in any patient. Out of the 405 patients
28 patients (6.9%) did not survive hospital stay. In the
PCI group (n=368) in-hospital mortality was 5.4%
(n=20). Disabling strokes where rare (n=3) (Table 5).

Table 5. In-Hospital outcome (n=405).
(a) = retroperitoneal. (b) = 1 retroperitoneal

Discussion
Outcomes of acute intervention in ST segment

elevation infarct (STEMI) in Germany and other
European countries have been analyzed in the con-
text of study protocols, but most of these data have
been collected in the nineties (4-8, 14) and “real-life”
results comprising all consecutive patients including
very old patients and late admissions have been less
well characterized. We present the current results of
a German university hospital from 1999-2004. 

In our population overall in-hospital mortality was
6.9% and was only 4.1% after exclusion of patients

who had been resuscitated before admission. These
data represent the improvement in the management of
patients with myocardial infarction over the last
decade characterized by early diagnosis and acute
treatment as well as by improved mechanical thera-
pies and management of complications (8-11). Former
studies showed that the time from the onset of symp-
toms to treatment is of prognostic importance (12-14).
The door to angiography time (as a part of the time to
treatment) observed in our analysis is short with a
median of 50 minutes (quartiles of 30-75 minutes) and
our data are very close to the data of the ALKK registry
which had been obtained at 80 German hospitals (4).
So our findings confirm very short in-hospital delays
for Germany as found in other European registries
(14). In comparison with former studies (1, 2, 14) our
data show that patients with STEMI undergoing a PCI
nowadays more often receive a coronary stent with a
successful reperfusion in 85% (TIMI 3). Severe bleed-
ing or stroke were very rare complications in our study
population, even if very old patients were included.

Conclusions
Our results indicate that contemporary, stent-

based primary intervention in acute ST elevation
infarction accompanied by aggressive anticoagulant
and antiaggregatory therapy is a safe and successful
therapy leading to low mortality and morbidity, even if
“all comers”, including very old patients and late
admissions, are included.  
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