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Abbreviations

ACC/AHA  American College of Cardiology/American Heart Asation
ACS acute coronary syndrome

ASA acetylsalicylic acid

BMS bare metal stent

CABG coronary artery bypass graft

CRP C-reactive protein

CTO chronic total occlusions

DES drug eluting stent

ECG electrocardiographic/electrocardiogram
EMS emergency medical system

ESC European Society of Cardiology

FMC first medical contact

GP glycoprotein

h hour

ICD implantable cardioverter—defibrillator
ISR In-stent restenosis

LAD left anterior descending artery

LIMA left internal mammary artery

LM left main

LV left ventricular

MACE major acute cardiac event

min minute

MRI magnetic resonance imaging

OM obtuse marginal

PCI percutaneous coronary intervention
PET positron emission tomography

PTCA percutaneous transluminal coronary angioplasty
S seconds

SMR standardised mortality rate

SPECT single-photon emission computed tomography
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STEMI acute ST-segment elevation myocardial infarction
201T] thallium-201

TIMI thrombolysis in myocardial infarction

TLR target lesion revascularization

TVF target vessel failure

RCX ramus circumflexus artery

RCA right coronary artery

SVG saphena venous graft
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Introduction

Coronary artery diseases and mortality are a ntegaith problem in the industrialised
western countries and that is true for Hungary @&#l. wyocardial infarction has
become more frequent mainly in developed counbwes the past decades.

Besides the modern pharmacological treatment iatgional procedures (percutaneous
transluminal coronary angioplasty, percutaneousor@ny intervention, stenting,
intraaortic ballon pump, resyncronising therapyplantable cardioverter—defibrillator)
the quality of life of the patients and the motiatlata were improved.

We would like to demonstrate the development, tlesgnt status and perspectives of

interventional cardiology in Zala County Hospitahlaegerszeg
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Background

1. The definition of acute myocardial infarction

The ineffective blood supply of the myocardium @used by the stenosis of the

coronaries on the basis of atherosclerosis. Mya&laisthemia is presented as stable

angina pectoris or acute coronary syndromes (ACS).

Acute myocardial infarction can be defined from anber of different perspectives

related to clinical, electrocardiographic (ECG),odfiemical,

characteristics (1).

and pathological

The European Society of Cardiology’s (ESC) preggumtlelines pertain to patients

presenting with ischaemic symptoms and persistérgegment elevation on the ECG

(STEMI). The great majority of these patients whlow a typical rise of biomarkers of

myocardial necrosis and progress to Q-wave myoahirtfarction.

U
>S5

en

Classes of recomendations Definition

Class | Evidence and/or general agreement that a giv
treatment or procedure is beneficial, useful,
effective.

Class I Conflicting evidence and/or a divergence of
opinion about the usefulness/efficacy of the gi
treatment or procedure.

Class lla Weight of evidence/opinion is in favour of
usefulness/efficacy.

Class lIb Usefulness/efficacy is less well established by
evidence/opinion.

Class 1l Evidence or general agreement that the given

treatment or procedure is not useful/effective,
in some cases may be harmful.

hnd

Table 1.Classes of recommendations
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Level of Evidence A Data derived from multiple randomized clinical sia
or meta-analyses.

Level of Evidence B Data derived from a single randomized clinicalltoa
large non-randomized studies.

Level of Evidence C Consensus of opinion of the experts and/or small
studies, retrospective studies, registries.

Table 2.Levels of evidence

2. The pathogenesis of ST-segment elevation acutgaunardial infarction

Most cases of STEMI are caused by an occlusionrojar coronary artery. Coronary
occlusion and reduction in coronary blood flow asaally due to physical disruption of
an atherosclerotic plaque with subsequent formatbnan occluding thrombus.
Concomitant coronary vasoconstriction and microdinatbon may be involved to
some extent. Less commonly a thrombus may form feosuperficial erosion of the
endothelial surface. The risk of plaque disruptit@pends on plaque composition and
vulnerability (plaque type) and degree of sten{sizque size) (2).

As many as three-quarters of all infarct-relateribi appear to evolve over plaques
causing only mild to moderate stenosis. Even postiof the coronary arterial tree that
appear normal by angiographic criteria often harbau substantial burden of
atherosclerosis. In particular, plagues with suliggth outward remodelling, or
‘compensatory enlargement’, can have thin, fibroagscand large lipid pools without
encroachment of the lumen (3).

However, severe stenoses are as likely to unddegu@ events leading to infarction as
are mild ones (4).

There is frequently a delay (up to 2 weeks) betwtenrupture of a plaque and its
clinical consequences (5).

Inflammation plays an important role in plaque ibgiy, and therefore in the
pathogenesis of acute coronary syndromes. Ciragldtivels of inflammatory markers
such as C-reactive protein (CRP) and interleukaoi®elate with the clinical course and

outcome of an acute coronary syndrome (6, 7, 8).
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The circadian variation of STEMI with a higher idence in the early morning hours
can be explained by the combination of b-adrenesgimulation (increased vascular
tone and blood pressure), hypercoagulability of Hieod, and hyperreactivity of

platelets. Activities associated with increased sgthetic stimulation and

vasoconstriction, such as physical or emotionaésstr may also trigger plaque
disruption and coronary thrombosis (9).

Myocardial necrosis caused by complete coronamrarmcclusion begins to develop
after 15-30 min of severe ischaemia (no forwardotiateral flow) and progresses from
the subendocardium to the subepicardium in a tiepeddent fashion (‘the wave-front
phenomenon’). Reperfusion, including recruitment obllaterals, may save

myocardium at risk from undergoing necrosis, andcstical but persistent forward

flow may extend the time window for achieving myatak salvage.

The thrombotic response to plaque disruption isadyio: thrombosis and clot lysis,

often associated with vasospasm, occur simultafgoaed may cause intermittent
flow obstruction and distal embolization (10).

The absence of complete healing of an ageing plagoemplete re-endothelialization)

and thrombus formation play an important role ia tdtcurrence of sudden occlusive
coronary thrombosis. In ~25-30% of patients undegyoprimary percutaneous

intervention (PCI), initial angiography shows aegudtinfarct-related artery (11).

In these patients, it is presumed that spontanesnspgenous lysis occurred before
angiography. Both platelets and fibrin are involvedthe evolution of a persisting

coronary thrombus. Whereas platelet adhesion agrkgation initiate mural thrombus

formation, fibrin is important for the subsequerabdization of the early and fragile

platelet thrombus.

3. The natural history of STEMI

The true natural history of STEMI is hard to estblfor a number of reasons: the
common occurrence of silent infarction, the frequewnf sudden death outside the
hospital, and the varying methods and definitiorezlus the diagnosis of the condition.
Community studies have consistently shown thabtrexall case fatality rate of patients
with presumed myocardial infarction or acute corgryndrome in the first month is -
50%, and of these deaths about half occur witherfitist 2 h (12).
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This high initial mortality seems to have alterétd over the last years in contrast to
hospital mortality (13).

In contrast to community mortality, there has beeprofound fall in the fatality of
patients treated in hospital. Prior to the intradurcof coronary care units in the 1960s,
the in-hospital mortality seems to have average®-3Q%. A systematic review of
mortality studies in the pre-reperfusion era of thiel-1980s showed an average in-
hospital fatality of ~16%. With the widespread ue& coronary interventions,
fibrinolytic agents, antithrombotic therapy, and s®tary prevention, the overall 1-
month mortality has since been reduced to 4—-6%egaat in those who participated in
the latest randomized large-scale trials and qadlifor fibrinolysis and/or coronary

interventions (14, 15).

Optimal treatment of STEMI should be based on thplementation of an emergency
medical system (EMS) supervising a network betwsaspitals with various levels of

technology, connected by an efficient ambulanc&ébtcopter) service

The main features of such a network are: clear iiefinof geographical areas of
interest, shared protocols based on risk strafibicatand transportation with
appropriately equipped and staffed ambulances élicdpters). A well-functioning
regional system of care based on pre-hospital dsigrand triage and fast transport to
the most appropriate facility is key to the succekshe treatment, and significantly

improves outcome (16, 17).

4. Initial diagnosis and early risk stratification

Rapid diagnosis and early risk stratification ofigrats presenting with acute chest pain
are important to identify patients in whom earltenventions can improve outcome. On
the other hand, when the diagnosis of STEMI has be&d out, attention can be
focused on the detection of other cardiac or nodiae causes of the presenting
symptoms such as aortic dissection, pulmonary esrmoland pericarditis. The

diagnosis of STEMI is usually based on the histarghest pain/discomfort lasting for

10-20 min or more (not responding fully to nitroggyine). Other locations such as

epigastric or interscapular are possible. Importeloes are a previous history of
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coronary artery disease and radiation of the gathé neck, lower jaw, or left arm. The
pain may not be severe and, in the elderly padrtyl other presentations such as
fatigue, dyspnoea, faintness, or syncope are comittfugre are no individual physical
signs diagnostic of STEMI, but many patients havelence of autonomic nervous
system activation (pallor, sweating) and eitherdigpsion or a narrow pulse pressure.
Features may also include irregularities of thespubradycardia or tachycardia, a third
heart sound, and basal rales. An ECG should benebtas soon as possible. Even at
an early stage, the ECG is seldom normal.

In the case of STEMI or new or presumed new lefidberbranch block, reperfusion
therapy needs to be given, and measures to initis@dreatment must be taken as soon
as possible.

However, the ECG can be equivocal in the early $ioamd even in proven infarction it
may never show the classical features of ST-segralvation and new Q-waves.
Repeated ECG recordings should be obtained andp \phssible, the current ECG
should be compared with previous records. Additioeaordings of lead V7-V8 or
V4R are helpful to make the diagnosis in selectases (true posterior infarction or
right ventricular infarction, respectively). ECG nmitmring should be initiated as soon
as possible in all patients to detect life-thremgrarrhythmias. In patients with slowly
evolving or stuttering myocardial infarction, sérleBCGs should be taken to detect
evolving infarction. Blood sampling for serum markef necrosis is routinely done in
the acute phase, but one should not wait for thelt®to initiate reperfusion treatment.
The finding of elevated markers of necrosis may s$iones be helpful in deciding to
perform coronary angiography (e.g. in patients wethbundle-branch block).
Two-dimensional echocardiography has become a lusediside technique in the triage
of patients with acute chest pain. Regional walltioto abnormalities occur within
seconds after coronary occlusion, well before r@sroHowever, wall motion
abnormalities are not specific for STEMI and maydue to ischaemia or an old
infarction. Two-dimensional echocardiography igafticular value when the diagnosis
of STEMI is uncertain, and other causes of chest pach as acute aortic dissection,
pericardial effusion, or pulmonary embolism arengetonsidered. The performance of
echocardiography should not delay the initiationtrelatment. The absence of wall
motion abnormalities excludes major myocardial &ehia.

Older age, higher Killip class, elevated heart,r&aever systolic blood pressure, and

anterior location of the infarct have been identifees the most important independent
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predictors of early mortality in clinical trials &L and registries (19, 20). These
characteristics contain most of the prognosticrmiation in the clinical data available
at the time of the first medical contact. Other peledent predictors are previous
infarction, height, time to treatment, diabetesigive and smoking status (18).

5. Restoring coronary flow and myocardial tissue regrfusion

For patients with the clinical presentation of STIEMthin 12 h following symptom
onset and with persistent ST-segment elevationear or presumed new left bundle-
branch block, early mechanical (PCI) or pharmadckigreperfusion should be
performed. There is general agreement that reperfulserapy (primary PCI) should be
considered if there is clinical and/or electrocagdaphic evidence of ongoing
ischaemia, even if, according to the patient, spmgst started > 12 h before as the exact
onset of symptoms is often unclear. However, tlier consensus as to whether PCI
is also beneficial in patients presenting > 12 Imfiymptom onset in the absence of
clinical and/or electrocardiographic evidence ofjang ischaemia. In a randomized
study in STEMI patients presenting without peragtsymptoms between 12 and 48 h
after symptom onset (n=347), PCI was associatel swgnificant myocardial salvage,
lending some support to an invasive strategy isehgatients, but clinical outcomes
were no better (21). In the OAT trial including Blstable patients with an occluded
infarct-related vessel 3 to 28 calendar days a&yenptom onset, PCI did not improve
clinical outcome (22), including in the subgroup38flL patients randomized between 24
and 72 h after onset of infarction (23).

6. Percutaneous coronary interventions

The role of PCls during the early hours of STEM te divided into primary PCI, PCI
combined with pharmacological reperfusion therdpgilitated PCI), and ‘rescue PCI’

after failed pharmacological reperfusion.

Primary PCI and delay times

Primary PCI is defined as angioplasty and/or stgntiithout prior or concomitant
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fibrinolytic therapy, and is the preferred therapeoption when it can be performed
expeditiously by an experienced team. An experiéntgam includes not only
interventional cardiologists but also skilled supipg staff.

This means that only hospitals with an establishestventional cardiology programme
(24 h/7 days) should use primary PCl as a routheatinent option for patients
presenting with the symptoms and signs of STEMIwéo mortality rates among
patients undergoing primary PCI are observed irtresnwith a high volume of PCI
procedures (24, 25).

Primary PCI is effective in securing and maintagnicoronary artery patency and
avoids some of the bleeding risks of fibrinolysignBomized clinical trials comparing
timely performed primary PCI with in-hospital fibalytic therapy in high-volume,
experienced centres have shown more effectivereggin of patency, less reocclusion,
improved residual left ventricular (LV), functioma@ better clinical outcome with
primary PCI (26).

Routine coronary stent implantation in patientshw8TEMI decreases the need for
target vessel revascularization but is not assedtiaith significant reductions in death
or reinfarction rates (27, 28) when compared wittmpry angioplasty. In addition,
several randomized clinical trials with medium-teioow-up, including patients with
STEMI, have shown that drug-eluting stents redheerisk of reintervention compared
with bare metal stents, without having a significamipact on the risk of stent
thrombosis, recurrent myocardial infarction, andtdg29, 30, 30).

As for other clinical presentations of coronaryegytdisease, long-term data on the
efficacy and safety of drug-eluting stents in patiewith STEMI are still needed.

Both randomized studies and registries have inglictttat long delay times to primary
PCI are associated with a worse clinical outconze 83).

Several delay times can be defined: time from sympooset to first medical contact
(FMC), time from FMC to arrival in cath lab, timeofn FMC to sheath insertion, time
from FMC to balloon inflation. The ‘PCl-related dgldime’ is the theoretical
difference between the time of FMC to balloon indlatminus the time from FMC to
start of fibrinolytic therapy (= ‘door-to-balloon’ inus ‘door-to-needle’). The extent to
which the PCl-related time delay diminishes theasdages of PCI over fibrinolysis has
been the subject of many analyses and debatesueoc@ specifically designed study

has addressed this issue, caution is needed whenprigting the results of these post
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hoc analyses. From randomized trials it was caledléhat the PCl-related time delay
that may mitigate the benefit of the mechanicalrirgstion varies between 60 (34) and
110 min (35) depending on the fibrinolytic used (36)

In another analysis of these trials, a benefit ahary PCI over fibrinolytic therapy up
to a PCl-related delay of 120 min was calculatét).(3

In 192 509 patients included in the NRMI 2-4 reyigB8) the mean PCl-related time
delay where mortality rates of the two reperfusstrategies were equal was calculated
at 114 min. This study also indicated that thisetidelay varied considerably according
to age, symptom duration, and infarct locationnfre 1 h for an anterior infarction in a
patient < 65 years presenting < 2 h after symptoset to almost 3 h for a non-anterior
infarction in a patient > 65 years presenting >&fthr symptom onset. Although these
results were derived from a post hoc analysis i@gestry and reported delay times are
sometimes inaccurate, this study suggests thandiaidualized rather than a uniform
approach for selecting the optimal reperfusion ritda@ould be more appropriate
when PCI cannot be performed within a short delay.

Taking into account the studies and registries mpatl above, primary PCI (balloon
inflation) should be performed within 2 h after FNtCall cases. In patients presenting
early with a large amount of myocardium at riske tielay should be shorter.

Although no specific studies have been performesagimum delay of only 90 min
after FMC seems to be a reasonable recommendatitimese patients. Patients with
contraindications to fibrinolytic therapy have aheg morbidity and mortality than
those eligible for this therapy. Primary PCI can gegformed with success in these
patients (39). Primary PCI is the preferred treainfier patients in shock (40).

Except for patients in cardiogenic shock, only ¢héprit lesion should be dilated in the
acute setting. Complete revascularization of the cudprit lesions may be performed at

a later time point depending on the remaining isafia.

Facilitated PCI

Facilitated PCI is defined as a pharmacologicalrfap®n treatment delivered prior to
a planned PCI, in order to bridge the PCl-relaiate tdelay. Full-dose lytic therapy,
half-dose lytic therapy with a glycoprotein (GPJlla inhibitor and GPIib/llla
inhibitor alone have been tested for this indigatibhere is no evidence of a significant
clinical benefit with any of these agents (11, 15,4P).

In spite of the fact that pre-PCl patency ratesewdgher with lytic-based treatments,
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no mortality benefit but more bleeding complicatiomsere observed. The pre-PCI
patency rates with upfront abciximab or high-baloese tirofiban alone were not higher
than with placebo. Facilitated PCIl as it has beestetl in these trials cannot be

recommended.

Rescue PCI

Rescue PCI is defined as PCI performed on a coraréeyy which remains occluded
despite fibrinolytic therapy. The non-invasive idicdtion of failed fibrinolysis
remains a challenging issue, but < 50% ST-segnesdiution in the lead(s) with the
highest ST-segment elevations 60-90 min after spérffibrinolytic therapy has
increasingly been used as a surrogate. Rescue &bvden shown to be feasible and
relatively safe. In a randomized study of 427 paREACT), the event-free survival
at 6 months after failed fibrinolysis was signifidgrtigher with rescue PCI than with
repeated administration of a fibrinolytic agent ongervative treatment (43).

A recent meta-analysis, including REACT, showed thacue PCI is associated with a
significant reduction in heart failure and reinfaontand a trend towards lower all-
cause mortality when compared with a conservatnagegyy, at the cost, however, of an
increased risk of stroke and bleeding complicati@4s.

Rescue PCI should be considered when there isreadaf failed fibrinolysis based on
clinical signs and insufficient ST-segment resolutie 50%), if there is clinical or
ECG evidence of a large infarct, and if the procedocan be performed within a

reasonable time delay (up to 12 h after onset wipggms).

7. Coronary bypass surgery

The number of patients who need a coronary artgpass graft (CABG) in the acute

phase is limited, but CABG may be indicated afegleti PCI, when coronary occlusion
is not amenable for PCI, presence of refractorympms after PCI, cardiogenic shock,
or mechanical complications such as ventriculatungy acute mitral regurgitation, or

ventricular septal defect (45, 46).

If a patient requires emergency stenting of a dul@sion in the setting of a STEMI but

further surgical revascularization is already peetble in the near future, the use of

bare metal stents instead of drug-eluting stentsildhbe recommended to avoid the
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problem of acute perioperative stent thrombosispdtients with an indication for
CABG, e.g. multivessel disease, it is recommenddteat the infarct-related lesion by

PCI and to perform CABG later in more stable cands.

8. Assessment of myocardial viability

LV dysfunction after STEMI may be due to necrosisstunning of viable myocardium
remaining in the infarct territory, to hibernaticof viable myocardium, or to a
combination of all three (47).

Simple stunning should usually recover within 2 kgeef the acute ischaemic insult if
reperfusion has been established, but, if ischaempigodes persist, recurrent stunning
may become hibernate and require revascularizdtiomecovery of function. These
concepts are of most relevance in the patient setrerely impaired LV function after
STEMI when the need for revascularization to imgréinction is considered.

Several diagnostic techniques can detect myocawihgility. Of these, conventional
myocardial perfusion scintigraphy (with thallium420or technetium-99 m-labelled
agents) or stress echocardiography (usually witlbuthomine) are most widely
available, whereas magnetic resonance imaging (M&1 positron emission

tomography (PET) are less available.



23

Aims of the investigations

In our investigations we aimed to find the answeethe following questions:

1. The aim of our first study was to examine myocdrgexfusion changes with
the use of internal mammary artery graft in patdewho underwent cardiac
surgery.

2. The aim of our second study was to examine if teatthent of STEMI patients
by primary PCI changes mortality rate in STEMI pats.

3. The aim of our third study was to examine the afficof drug-eluting stents for

ischaemic heart disease.
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I. Prospective evaluation of thallium-201 reinjecton in single-vessel

coronary patients undergoing coronary bypass surger

Introduction:

A possibility for enhancement of the sensitivity thiallium-201 ¢°*Tl) myocardial
perfusion scintigraphy in the detection of injuredt viable myocardium is the
reinjection of a half dose d*TI immediately after the resting study. This method
offers better counting statistics than 24-to 72dlaged imaging, furthermore, the
investigation can be completed within 1 day, whiimore practicable for the patient
(48, 49, 50).

It is of special interest to establish whether thiedified technique of myocardial
perfusion scintigraphy is suitable for the idectation of reversible injured
myocardium before revascularization surgery andHerprediction of the recovery of

nutritive perfusion (51).

Aims:

We have investigated the predictive valué8T| reinjection in a homogeneous patient
group with single-vessel coronary disease.

The aim of the study was to clarify whetf8fTI reinjection method is suitable for the

prediction of myocardial perfusion soon after ssséa coronary bypass grafting.

Patients and methods:

These studies were carried out at the UniversitySaéged Faculty of Medicine
(collaboration with Department of Nuclear Mediciriggpartment of Cardiac Surgery
and 2nd Medical Clinic, Albert Szent-Gyorgyi Medithiversity).

Twenty-two patients (5 females, 17 males, mean&gé = 9.8 years, range 39-69
years) with single-vessel left anterior descending§D) coronary artery disease were
investigated before and after coronary bypass suyrgave patients had anamnestic

non-Q and two patients Q-wave anterior myocarditrction.
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Coronary angiography documented LAD coronary odofusn five patients, and
subtotal LAD lesions in 17 patients. The other madmonary vessels were without
significant narrowing.

During coronary bypass surgery the internal mammartery was used for
revascularization of the LAD territory. None of theatients had documented

perioperative myocardial infarction.

Investigation of myocardial perfusiorDipyridamole stress myocardial perfusion
scintigraphy was performed, using SPECT, in eadiempia4-10 days before and 14-25

days after bypass surgery.

Dipyridamole test.Patients were instructed to fast for at least 1and to avoid
ingesting products containing caffeine for 24 hobefthe test. Oral theophylline,
nitrates and calcium antagonists were discontir#edh before the investigation. The
patients were placed in a supine position. A caammas introduced into the antecubital
vein. Twelve lead ECG and blood pressure were decbrat rest, and 0.56 mg
dipyridamole/kg body weight was then administeredro4 min. At 6.5 min after the
beginning of the test, 74 MBq 6f'TI was injected intravenously, and washed with an
additional 20 ml of isotonic sodium chloride.

If the patient had angina during the test or thveas at least a 3-mm ST segment shift
0.08 s after the J point, the test was discontiramdf°'Tl was injected immediately.
One minute aftef°'T! injection, 240 mg aminophylline was injected aifchecessary,

nitroglycerine or nifedipine (Corinfar) was alswen.

Single photon emission computed tomography ima@rRgECT was performed 10 min
and 3 h aftef°'Tl injection. Thirty projection images were colledtat 6° intervals over
180° from right anterior 45° to left posterior 43fages were acquired for 40 s at a
digital resolution of 6% without zoom.

20| reinjection.Before bypass surgery and after completion oféléstribution study,
1 mCi of*°'Tl was injected. Repeated SPECT was performed h0amil 1 h following
reinjection. No reinjection was performed aftergary.
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Image reconstruction and displayhe images were reconstructed to 1-pixel (6-mm)
thick transaxial sections by filtered back projenti using a Hamming filter. After
reorientation, for qualitative evaluation, the lgéntricular myocardium was divided
into four thick short-axis slices from the apextke base. Over the left ventricular

cavity, four equally thick verticallong-axis slice®re also reconstructed and displayed.

Semiquantitative evaluation of myocardial perfusiéor semiquantitative evaluation of
myocardial perfusion, two short-axis slices abous tm thick were considered,
representing the mid-ventricular myocardium anddistal wall of the left ventricular
cavity.

The perfusion of the apex was evaluated considéhiegertical long-axis slices.

The radionuclide uptakes of ten myocardial segmseuafglied by the LAD coronary
artery were scored. A five-grade defect severitgring system was used. Normally
perfused segments received a score of O, miningihpperfused segments a score of
1, moderately hypoperfused segments a score céfihitely hypoperfused segments a
score of 3, and non-perfused segments a score of 4.

For the characterization of overall myocardial psidn, the scores were added.
Scintigrams were considered abnormal if the ovesalire was 3 or greater. Two
scintigrams were considered to be significantlyfedént if the difference in overall
Store was 2 or greater. A higher overall storenm 3-h redistribution study than in the
stress study or, generally, a higher store in arsgstudy than in the previous one, was

considered to represent paradox redistribution.

Results:
Left ventricular function

Ventricular hypokinesia was proven by radionucheatriculography before surgery in
18 patients. On radionuclide ventriculography, legfe ventricular ejection fraction lay
in the range 33%-62% (mean 50.8% * 8.2%).

After surgery, the left ventricular wall motion wasrmalized in seven patients, and
improved in one patient. The postoperative lefttkienlar ejection fraction lay in the
range 45%-74% (mean 56.2% + 10.1%).
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Dipyridamole test

Before surgery, the complete dose of dipyridamokes vadministered in 19 of 22
patients. Dipyridamole infusion was interruptedenfB.5 instead of 4 min in three
patients, due to severe chest pain in the 3rd miolithe stress.

Aminophylline was necessary in 13 patients; fivetltdm received additional anti-
anginal meditation (nitro-glycerine and/or nifedig).

After surgery, the whole dose of dipyridamole waknanistered to all patients. No

aminophylline or other drugs were given after stres

Haemodynamic data and ECG changes during stress

The heart rate and systolic and diastolic bloodguee data are listed in Table 3. Before
surgery, significant ischaemic. ECG changes wessgnt in 4 of 22 patients; after
surgery, no significant ECG changes were notedndustress. Before surgery, 14
patients had chest pain during stress (in 13 aitleninophylline was given); after

surgery, one patient had an atypical feeling ostdescomfort at the end of stress.

Heart rate Blood pressure
Initial | At*“ Tl inj Initial | At““ Tl inj
Before CABG
77.3+14.7 93.1 #16.7 145.0/85.5 137.3/84.5
+20.4/+10.1 +18.3/+8.6
After CABG
96.6 +11.0 103.8 5.2 135.2/81.8 131.4/83.2
+12.2/+5.9 +12.9/49.3

Table 3.Changes in haemodynamic parameters during dipyridarole testing




28

Myocardial perfusion during stress before surgery

A significant perfusion defect was seen on the jpeeative stress scintigrams in 21 of
22 cases. The defect scores ranged from O to 28, avnhean of 17.0 (Table 4).

In one patient, with 99% proximal LAD narrowinggetbtress scintigram was normal. In
this patient the dipyridamole infusion was inteteghafter 3.5 min because of typical
chest pain and a 2-mm descending ST depressidmeda@G. The patient received 240

mg aminophylline, nifedipine and sublingual nitrgegrine.

Before CABG After CABG
Stress 3h rest 10 min | 60 min after] Stress 3hrest
after reinjection
reinjection

Defect severity score (mean D)

17.0+48.1 | 10.1 49| 7.1+45 6.4+4.1 3.1+4.4 3.1 +3.7

Table 4.Perfusion defect severity scores

Three-hour resting perfusion before surgery

The 3-h resting images revealed a significant tedigion in 19 of 21 patients with
stress perfusion defects, but none of them exliltanpletely normal resting images
(Figure 1). The score difference between the s@meds3-h resting studies ranged from

1to 17, with a mean of 6.9.
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Figure 1.Dipyridamole stress myocardial perfusion scintigrans before coronary
bypass surgery.
On the 3-h rest image, only patrtial filling of teetensive anteroseptal perfusion detect
can be observed.

The two patients without significant redistributibiad subtotal coronary lesions and
were without anamnestic myocardial infarction. Diggmole infusion was completed

in both patients. No medication was necessaryasdltases.

The patient who had normal stress myocardial pemfiusxhibited a significant paradox

redistribution of the apical myocardial area on3He resting image.
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Changes irf°'Tl distribution soon after reinjection

Further decreases in defect severity and/or defizet were observed on the 10-min
post-reinjection images in 14 of 22 patients witharfpsion defects on the 3-h
redistribution images (Figure 2). The decrease dares ranged from -3 (paradox
redistribution) to 10, with a mean of 3.0.
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Figure 2.Dipyridamole stress myocardial perfusion scintigrans.

The 10-min post-reinjection image demonstrateshéurtsignificant filling of the
perfusion defects documented in Figure 1. Findflg,images taken 1 h after reinjection
exhibit normal myocardial perfusion
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The 10-min post-reinjection images exhibited corghjenormal myocardial perfusion
in 4 of 22 patients. The images acquired t h ag&atection differed significantly from

the 10-min post-reinjection images in 7 of 22 paseln four cases significant filling of
perfusion defects was observed, while in threeep&ti a paradox redistribution was

noted.

Perfusion after bypass surgery

After bypass surgery, normal perfusion was fountidrof 22 patients on both the stress
and the 3-h rest images (Figure 3). A signific&oi, minimal redistribution was noted

in four cases, and a paradox redistribution in two.
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Figure 3.Dipyridamole stress myocardial perfusion scintigrans.
The stress and 3-h rest images after successthanr bypass surgery of the same

patient a sin Figure 1 and 2 document normal mybabperfusion.
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The changes in the defect score sum are givenhieTa A significant decrease in the
mean defect score from 10.1 to 7.1 was observest afinjection, and a further
decrease from 6.4 to 3.1 after bypass surgery.

Stress images after bypass corresponded to thes streages before bypass in three
cases, to the 3-h redistribution images in two gase the 10-min post-reinjection
images in seven cases and to the 60-min post-cimjeimages in 11 cases. Resting
images after bypass corresponded to the stressilmefgre bypass in three cases, to
the 3-h redistribution images in two cases, to IBemin post-reinjection images in
seven cases and to the 60-min post-reinjectionésagten cases.

The correlation coefficients of the scores of thneestigations of the patients are listed
in Table 5. The 60-min post-reinjection image befsurgery appears to be the best
predictor of myocardial perfusion after bypass.

Images before CABG

Stress 3h rest 10 min after 60 min after
reinjection reinjection

Stress image after CABG

0.27 \ 0.62 \ 0.62 | 0.72

3h rest image after CABG

0.39 \ 0.72 \ 0.69 | 0.78

Table 5.Correlation coefficients of perfusion defect sevety scores

Conclusion:

We performed dipyridamole stress testing before after surgery, which is a safe
alternative to ergometric stress testing with samdiagnostic efficacy.

Our patient group consisted only of single-vesg&Dlpatients, which results in a well-
definied area at risk that can be investigatedtivelly free of possible imaging
artefacts, e.g. due to diaphragmatic absorption. abgerved a reduction in defect

severity of 30% following reinjection.
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We generated two sets of reinjection images. Tist Was acquired, as prosposed by
others, immediately after reinjection, and the secol h later. The reason for
acquisition of the second post-reinjection images the assumption that redistribution
of “°*TI may also occur after the second injection iniguds with severe resting
hypoperfusion. As regards the predictive value rebperative scintigrams, the images
obtained 1 h after reinjection were found to catelmost closely with postoperative
study.

Our then investigations at the Szeged UniversitySofences proved (52) that post-
reinjection*°*Tl images before surgery are good predictors of cagdial perfusion
after revascularization. The best results are pbthif imaging is performed 1 h after

reinjection.
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ll. Changes in the mortality of acute myocardial irfarction in the area
of Zalaegerszeg. Effects of the first 24 hour ST-eVation acute

myocardial infarction intervention service in Hungary.

Introduction:

Invasive cardiology, i.e. primary PCI is alreadybasic requirement of up-to-date
medical care of acute myocardial infarction nowadé3, 54). However, ACC/AHA

and ESC guidelines of 1999 positioned PCI as asClascommendation only as an
alternative of thrombolysis and for the treatmeftpatients with a complicating

cardiogenic shock (55, 56). First, we organized &@ur intervention service for acute
myocardial infarction at the Department of Cardgylon the Hospital of Zala County,

Zalaegerszeg, Hungary in 1998.

Aims:

We wished to examine the effect of the Cardiologynite at Zalaegerszeg, established
in 1994, and in particular of its Haemodinamics duabory on mortality data of the
region. The first interventions in acute myocardidghrction were performed in 1996.
Our study covers the period between 1997 and 2004.

Patients and Methods:

The Western Transdanubian Regional Institute oHhegarian National Public Health

and Medical Officer Service processed the mortaldya of the period between 1997
and 2005 in the Western Transdanubian Region arldeirarea of Zalaegerszeg, and
compared those with each other and with the ndtiavarage published by the

Hungarian Central Statistical Office. With the helfpour own computerised data base,
we studied the changes in the number of invasiteruantions during this period, and
correlated them with mortality statistics. We sadlithe Hungarian national, West-
Transdanubian, and Zalaegerszeg areal mortalitg datrelation to hypertension,

stroke, malignancies and myocardial infarction.



35

For studying the changes of mortality rate in tinve, calculated standardised mortality
rate (SMR); in order to avoid potential bias duetite small number of cases, we
smoothed the data with moving averaging of 3 yeansé span. For calculating the
indices, we used the age distribution of “Europ&andard Population” of 1976 as
reference (57). Analysis of mortality conditionstire area was performed on the base
of mortality data in the period between 1996 an@520~or the analysis of mortality
situation, national and areal numbers of mortaditghe age groups were provided for
us by the National Institute of Environmental Hedlased on the data of the Hungarian
Central Statistical Office. European data of mdastalwere collected from the
“European Heath for All Database” of the WHO (58)e note here that our statements
concerning the European Union (EU) reflect a situabefore May 2004, i.e. EU of 15
member states, as our study also covers this period

For testing the study hypothesis, we used a staistest, the Z test, as p value
determined from its result serves as a base fasasyg) the level of significance. No
level of significance was determined for areas wlthe actual number of death cases

was <5.

Results:

There were no detectable differences in mortaltgs between nationwide Hungarian
and regional statistics, but as compared to theragee of the EU, we found
approximately twofold and 1% fold values in maled gemale patients respectively
(Figure 4.). Cardiovascular diseases are resp@nfblapproximately a half and 3/5 of
mortality in men and women respectively. Analydisnortality due to coronary disease
showed no differences within the same gender lautitk of male patients was 5 times
higher in comparison to female patients in the @éhregions studied. We found early
coronary mortality in men of the Zalaegerszeg qpspulation between 45 and 65
years) initially higher as compared to the naticarad Western Transdanubian average,
while there was no difference in women (Figure BQwever, in the age group of >65
years a significant difference can be observed @mswomen (Figure 6.). During the
studied period, the mortality of patients in thelaggerszeg area has visibly and
significantly decreased both in men and in > 65ryd women, while national and

Western Transdanubian values show stagnation. édhdt did not constitute a subject
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of our study, mortality rates in other areas of Western Transdanubian region might

show an increase that was compensated by the irym@vt in the Zalaegerszeg data.

The effect on mortality rates exerted by the Haeamadics Laboratory can be

illustrated primarily by the change in the dataeafrly mortality due to myocardial

infarction. The improvement of our mortality stétis is not due to some change in the
prevalence of myocardial infarction, in 2005 sucktadof ours correlated with the

national average (Figure 7.).

In the male population belonging to the laboratergittraction zone, mortality rates
decreased to a higher extent in both studied agepgrin comparison to the national
and Western Transdanubian average (Figures 7-&ije\lhe extent of decrease was
48% (>65-year-old population) and 51% (45 to 64rad population) of the area in
the last studied period in comparison to the basglihe Hungarian national and the
regional averages only approached 30%. As a redulhe favourable process, the
+15% relative risk of men above national averagbeabeginning of the period reached
a mortality risk which was lower by 17% at the pdis end. Also in women the
decrease is marked more in the younger age grdujn(84-year-old population: 56%;
>65-year-old population: 38%), although this isslespectacular because of the
relatively low mortality rate seen in the younggearoup. Unfortunately, the change
in the mortality rate of acute myocardial infarctiavas not associated with any
decrease of other vascular mortality. While natiearad Western Transdanubian data
show a decreasing trend in relation to hypertensiod cerebrovascular disease, a
stagnation can be seen in the Zalaegerszeg ardagwen a significant increase
occurred in the >65-year-old population (Figures09).

The statistical data show that, in spite of the ellgying diagnostic possibilities
(screening programs, positron emission tomograpnyl gene diagnostics), the
mortality caused by malignancies, responsible fppreximately % of the whole

mortality, underwent no change during the studieckde.
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Figure 4.Changes of mortality rate according to gender amonghe populations of
the European Union, Hungary, the Western Transdanulan region and the area of
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Figure 5.Early mortality due to coronary disease among menrad women in
Hungary, the Western Transdanubian region, and therea of Zalaegerszeg (1996
to 2005, with moving averaging of 3 years’ time spg (SMR / 100 000 inhabitants)
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Figure 6.Mortality due to coronary disease among > 65-yeartd men and women
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Figure 7.Mortality due to acute myocardial infarction among45 to 65-year-old

men and women in Hungary, the Western Transdanubiamegion, and the area of
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Figure 8.Mortality due to acute myocardial infarction > 65-year-old men and
women in Hungary, the Western Transdanubian regionand the area of
Zalaegerszeg (1996 to 2005, with moving averagin§dyears’ time span)
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Figure 9.Early mortality due to hypertension and cerebrovasalar disease among
men and women in Hungary, the Western Transdanubiamegion, and the area of
Zalaegerszeg (1996 to 2005, with moving averagingdyears’ time span)
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Conclusion:

Hungarian statistics of mortality and morbidity kabeen led by cardiovascular
diseases (59). Acute myocardial infarction constguthe most frequent acutely
developing form of cardiovascular diseases. BasedEoropean statistics, Hungary
belongs to countries with high cardiovascular rigke mortality due to myocardial
infarction significantly exceeds the average ofaleped countries. At the beginning of
the 1990s, the cardiovascular mortality as welhasearly mortality due to myocardial
infarction in the Zalaegerszeg area exceeded babt&kh Transdanubian regional and
Hungarian national averages. Based also on theseadstatistical data, the Cardiology
Centre that possesses units of invasive cardiobryy cardiac surgery as well was
brought into being in 1994. Preceding even the pemo and North American
recommendations, we developed a 24 hour emergeapyice for patients with
(initially only) acute STEMI which soon extended &l kinds of acute coronary
syndrome. Analyses performed yearly on the baseiobwn data (which demonstrated
a reduction of the mortality rate in the hospithhpe of STEMI) confirmed our belief
that we were on the right track. Based on numestudies published in the meantime,
primary PCI for STEMI has already become a Cladsrécommendation at present
(55, 56).

The acute 24 hour intervention care for acute migbahinfarction, launched as the
first of its kind in Hungary, has improved mortglgtatistics of the area to a significant
extent in comparison to the national average. diyti we performed primary
intervention only in “selected” patients (who wereung and presented themselves
with a short pre-hospital interval), but at thehsigf the excellent results we included
an increasingly wider scope of patients into thataaare. At the beginning of the
period, hospitals belonging to our region of casedilysis therapy in their patients,
according to the recommendations of that time. difeerences in mortality rate,
particularly in 2000 to 2001, can also be considas differences between lysis and
primary PCI. It should be underlined that, althoughther invasive centres began
functioning in the region and 16 centres provid€=BIT service nationwide, the results
of the experienced team which has gained greaineutepresent an advantage for
patients in the Zalaegerszeg area up to now. Baseslr data, we can state (60, 61)
that a significant reduction of mortality rate dam attained by primary PCI therapy of
STEMI, the material and technical conditions of ethihave been realised, so that

further development of the system at striving ferfection is justified. We have to
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seek, in addition to prevention, early recognitiointhe disease and — as early as

possible — transport of patients, preferably diyecinto the table for catheterisation.
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lll. Experience with Endeavor stent implantations

Introduction:

The high risk ACS (with ST segment elevation, ndhsggment elevation, troponin
positive - NSTEMI) should be treated with PCI, whicould be balloon angioplasty
(PTCA) with or without stent implantation, or pringastent implantation. In case of
PTCA re-narrowing of coronaries occurs in 30-40%albfcases in 3-18 months after
the procedure. The phenomenon is called restends$is is the most common
disadvantage of PTCA. The incidence of restenoars e lowered with the use of
stents (the first coronary stent in a human wadantpd by Sigwart et al. in 1987 (62))
to 15-30%, but it can’t be eliminated. The restéstaasfter the use of stents is called in-
stent restenosis (ISR).

To avoid the ISR drug eluting stents (DES) wereetlgyed and used, which do not
allow the neointima formation, thus ISR is veryeramdeed, but the occurrence of
stent-thrombosis is higher than in cases of bartalrstents (BMS) (63).

The Endeavor is a new DES based on chrome-cobatit $Driver) covered in
antiproliferative phosphorylcholin polymer ABT —&Ta zotarolimus, rapamycin-like
material) (64). The development of this DES wagduby the fact that the neointima
proliferation, in however small measures, is odogyr so the frequency of stent-

thrombosis can be reduced (65).

Aims:

In a prospective study our aim was to follow up patients regarding to the incidence
of in-stent restenosis, stent thrombosis and diniend points (the need of new
coronary angiography, revascularization) after Bwde stent implantation. Our results

have been compared to the data found in the Medhtabase.

Patients and methods:
Endeavor stents have been implanted in patientsrgoohg elective or acute coronary

angiography in Cathlab of the Zala County Hospitith the following indications:
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Complex B and C type lesions susceptible to resisnand after recanalization of
chronic total occlusions (CTO).

Detailed database has been created in which theaitwh and the locus of stent
implantation, the medical history and concomitaetimations have been stated.
Patients were followed-up with treadmill stress tescording to Bruce protocol 1, 3, 6
and 12 months after the procedure and via telepbonsultations, respectively.

All patients gave their written consent.

Data were processed and statistical measurementsmagle using Excel software.

Results:

Endeavor DES implantations were successfully peréal in 99 patients (65 male
(65.6%), 34 female (33.7%), average age 62 + 12sydstween October 2005 and
September 2006. The risk factors of our patiergsshown in Table 6.

Risk factors Patients (%)
Diabetes mellitus 29 (29.3 %)
Hypertension 35 (35.7 %)
Myocardial infarction in medical history 47 (47.9%
PCl in the past 24 (24.2 %)
CABG in the past 11 (11.1 %)
Ongoing ACS 17 (17.2 %)

Table 6.Risk factors in patients undergoing Endeavor stenimplantation

The diagnostic coronary angiography proved multionary disease in 59 patients
(59.6%).

90 patients were treated with 1 stent, 2 stentewaplanted in 6 patients, while 3

patients received 3 Endeavor stents.

Endeavor stent implantation has been successf8% of cases, 2 stents could not be

implanted because of technical difficulties. Besi@mdeavor other types of stents were
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used in 40 patients (41.4%) (3 DES, 37 BMS). Mudtssel PTCA was performed in 20
cases, in another 20 patients Endeavor and anstéet have been implanted in the
same coronary artery. In the aggregate 166 steats imnplanted in 99 patients (1.67
stents/patients).

The average Endeavor stent length was 23.16 mnaviiage stent diameter was 2.98
mm.

The localization of the implanted stents was alev:

Left anterior descending artery (LAD) 61 (25 proaily), circumflexus (CX) 11, right
coronary artery (RCA) 21 (4 into the orifice), lefiain (LM) 3, grafts (saphena - SVG
or left internal mammary artery - LIMA) 3. 29 stenwere implanted in bifurcational
lesions (LAD-diagonal, dominant obtuse marginalx-GM), recanalization of CTO
with Endeavor stent has been performed in one case.

All patients were treated with the combination 601mg acetylsalicylic acid (ASA)
and 75 mg clopidogrel for 12 months. The combimatiterapy of GP lIb/llla receptor
blockers and intravenous Na-heparin was used ipdatients for 12 hours following
PCI.

During the follow-up period planned or unplannedroo@ary angiography was
performed in 36 patients (36.4 %). Target vessageularization was necessary in 13
patients (13,1%) (6 CABG, 7 rePTCA), 11 patientd Bavessel disease, 9 had LAD-
diagonal bifurcational lesions, 1 SVG, 1 LM and R Five of 13 suffered from
diabetes.

All stents except the ones implanted in the LM wieneger than 18 mm (diameter
ranged from 2.75 to 3.5 mm).

Significant restenosis was observed in 8 patiéhif).

Subacute stent-thrombosis (within 10 days) occuimetipatients (2.0%). There wasn’t
any late stent-thrombosis.

Five patients died during the follow-up period:&ipnts due to the progression of heart
failure (no restenosis), 1 patient after a hugekstrand 1 patient chilled during an
alcohol abuse state. NSTEMI with cardiogenic shiw& to restenosis caused the death

of 1 patient.
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Conclusions:

PTCA re-narrowing of coronaries occurs in 30-40% adif cases in 3-18 months
following the procedure. The incidence of restesasin be lowered with the use of
stents to 15-30%. The restenosis after the usdeoftssis mostly due to neointima
formation.

To avoid ISR, drug eluting stents are used, whildtkneointima formation. ISR is
very rare but the incidence of stent-thrombosiseers those in BMSs.

The Endeavor drug eluting stent is based on a obwawbalt Driver stent covered in
antiproliferative phosphorylcholin polymer ABT —&7t is a rapamycin-like material,
which bonds FKBI% protein. This complex prevents the mTOR signalgnaission and
as a result it blocks cell cycle and tissue prddifien (66). Efficacy and safety were
studied in ENDEAVOR I-lll. clinical trials (67, 6&9). The 100 patients elected for
Endeavor | trial had de novo, A-B2 type coronagnssis, and the implanted Endeavor
stents were shorter than 18 mm. Target lesion ceNaszation (TLR) and target vessel
failure (TVF) was 2% after 4 and 12 months and lieetaconstant after the 24 month
follow-ups. In-stent late loss was 0.61 mm, in-stbmary restenosis was 5.4%.
Subacut stent-thrombosis (< 10 days) occurred & matient only, and there weren't
any late stent-thrombosis after the 24 month foligps, either. After 24 months the
incidence of major acute cardiac event (MACE) w&s(87). These data are important
in the light of several studies reporting the higtidence of late stent-thrombosis after
DES implantation causing higher mortality compatredMS in 2006 and 2007 (70,
71, 72).However these findings referred to the first getienaof DESs, in case of

second generation Endeavor stent these late etfeatd not be proven.

Our registry affirmed the results of the ENDEAVORrlal in a population with more
severe and longer coronary stenosis. We showedhbse stents are well useable (with
only a 2% rate of failure), there wasn't any diffiece in the incidence of stent-
thrombosis compared to earlier results, and wedcook detect late thrombosis. The
prevalence of in-stent restenosis was higher coedpr the ENDEAVOR . trial, but
the difference can be explained with the more cemmnd longer lesions in our

population.

Summarizing we can conclude that the ENDEAVOR sitemuitable for implantation

in complex, longer coronary lesions. Our long tdéaffiow-up data doesn’t prove those
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opinions which prefer BMS implantation in all patige referring to the late adverse

events of the drug eluting stents (73).
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New observation

The following conclusionsan be drawn from our investigations:

1. The post-reinjection’*TI images before surgery are good predictors of
myocardial perfusion after revascularization. Thestbresults are obtained if
imaging is performed 1 hour after reinjection.

2. Introduced the first 24-hour duty in Hungary to yade primery PCI care for
STEMI patients.

3. The acute 24 hour intervention care for acute mybah infarction has
improved mortality statistics of the area to a gigant extent in comparison to
national and regional average.

4. The extension of STEMI invasive care to the eldshHgws good results similar
to those in younger age groups.

5. We have created an Endeavor registry involvingl‘neald” patients.

6. Our Endeavor-registry affirmed the results of theDEAVOR 1. trial in a
population with more severe and longer coronamasis.

7. The professional team, which | am the head of,t fipspoved that the
ENDEAVOR stent is suitable for implantation in cdewy longer coronary
lesions.

8. Our long term follow-up data don’t prove those apis which prefer bare
metal stent implantation in all patients becaustheflate adverse events of the

drug eluting stents.
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