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Abbreviations

AMI Acute myocardial infarction

CFR Coronary flow reserve

CVvD Cardiovascular disease

DSA Digital subtraction angiography
ECG Electrocardiography

IHD Ischemic heart disease

IMR Index of microcirculatory resistance
MBF Myocardial blood flow

MBG Myocardial blush grade

MCE Myocardial contrast echocardiography
MRI Magnetic resonance imaging

MVR Minimal microvascular resistance
PCI Percutaneous coronary intervention
PET Positron emission tomography
ROC Receiver operating characteristic
STEMI ST-elevation myocardial infarction
TMP TIMI Myocardial perfusion grade




1 Introduction

1.1 General social aspects of ischemic heart diseas e

Cardiovascular diseases (CVD) are the main causeeddiced physical activity, early
retirement, and mortality in most of the industaatl countries: more people die annually
from CVDs than from any other cause. By the siaisbf World Health Organization
(WHO), in 2004 more than 17 million people diednfr&CVD worldwide, which represents
30% of global deaths. The incidence and social duraf CVD is continuously increasing,
and by prognosis of WHO 23.6 million people wiledrom CVD diseases in 2030. CVDs are
a group of disorders of the heart and blood ves$éls primary representative of this group is
called ischemic heart disease (IHD), which meansdaiced blood flow capacity of vessels
supplying the myocardium. The most common reasortHis disease is the formation of
atherosclerotic plagues, i.e. fatty deposits onitiner walls of the coronary arteries. IHD is
therefore the most significant disorder affectihg industrialized world, both in terms of
morbidity and mortality, as well as with respect ttee social, medical and economic

consequences.

1.2 Development of IHD

Atherosclerotic disease is described as changg®istructures of vessel wall with deposition
of cholesterol, which results in plaque formatioarrowing and sometimes occlusion of the

vascular lumen.

A normal artery consists of three layers: the Masdeed with a sealed layer of surface cells,
termed endothelium. The next layer consists of gmoauscle cells and collagen and termed
the media. Finally, outside a loose layer of cotimectissue and muscle cells is located,
called adventitia. The pathological process of mtbaerosis is restricted largely to the inner
layer with protrusion of plaques into the lumend ahthey become large enough they can
obstruct the vessel completely, leading to decoeasggen supply. Possible consequences
are anginal symptoms, necrosis of the heart museleacute myocardial infarction (AMI),

heart failure or sudden cardiac death.



1.3 Microvascular disorders of coronary circulation

Optimal perfusion of the myocardial tissue is neaeg for supply of oxygen and substrates to
maintain contractile function. Under physiologicainditions, the quantity of perfused blood
through the capillary bed is matched to metabodimand. This is achieved by modulating
coronary vascular resistance, which process isrumdgabolic, endothelial, myogenic, and
neurohumoral control [Bassenge 1990]. In the presei a pathological increase in vascular
resistance resulting from a stenosis of an epiabrditery, regulatory mechanisms may
become exhausted and blood supply may be insutficiesulting in myocardial ischemia as
myocardial oxygen extraction can only slightly isase in ischemic conditions. Traditionally,
identification and treatment of augmented coronasistance have focused on obstructive
atherosclerosis of the large epicardial arterieswéier, over the past two decades it has
become apparent that augmented vascular resistantte coronary microcirculation may
also be responsible for myocardial ischemia in @ber of clinical conditions [Camici 2007].
Moreover, the severity of coronary microvasculasfdgction has been shown to be a
powerful predictor of an adverse clinical outcon@&e¢chi 2003]. Consequently, accurate
assessment of coronary microcirculation has gaioeasiderable interest, including the
identification of modifiable determinants for thpeatic purposes. Conventional flow reserve
measurements, using invasive and noninvasive tgabsj are frequently used to test the

integrity of the microcirculation [Struijker-Boudi2007].

1.4 Diagnosis of IHD

1.4.1 General considerations and non-invasive tests

The development of coronary heart disease may pdooadetected by patient and physician
for a long time. For this reason, it is not unudoalan AMI to be the first symptom. All the
efforts should be directed towards recognizing faitors at an early stage.

The most important first phase of the diagnostiocpss is the careful and thorough
establishment of the case history, in which all #yenptoms are analyzed. Standard and
exercise ECGs are additional aids to diagnosisa bonsiderable number of patients these
studies are sufficient to establish the diagnotigi® and set up the indication of coronary

angiography. In doubtful cases however, the neagestof the diagnostic process is more
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sophisticated non-invasive procedures like longiteECG, echocardiography, nuclear

cardiology examinations, and MRI.

1.4.2 Invasive methods

Coronary angiography is regarded as the “gold statidof the diagnostic methods of IHD.
For the adequate quantity of contrast materialh@ vessel lumen, and consequently, a
satisfactory image quality can be achieved by acsigk injection of contrast materials.
Therefore, in this investigation a small-calibetheder is passed through an artery (e.g. from
the groin or the wrist) via the aorta to the origihthe coronary arteries. There 4-8 ml of
contrast medium is injected selectively into thesset, and with the aid of imaging
techniques, the entire vascular tree down to thallest branches can be visualized.
Administration of contrast material is usually mermed by a hand-injection, but automatic
motorized injectors are used in more and more tatization laboratories. The main
advantage of these devices is the accurately edlleulyolume and rate of the injected bolus
of the dye. This consideration is particularly imat for videodensitometric studies. Several
projections of the X-ray tube are applied alonglaesical surface, in order to differentiate the
true pathologic alterations from artifacts arisingm foreshortening and overlapping of the
vessels, and certain optical sources. Angiogramsemmorded, and then these short movies are
analyzed for the full description of coronary hedigeases. At routine evaluation of coronary
angiograms, roughness of the inner surface of #ssels, serious stenoses, occlusions, and
beside these, congenital malformations are searemed rated. Usually, a rough visual
estimation of the contrast flow velocity is desedb particularly in the case of apparently
slow flow, and a concomitant absence of epicardiairowing. However, this visual

assessment is usually insufficient to set up thgrbsis of microvascular disorders.

1.4.3 Diagnostic methods for coronary microvascular disease

Invasive and non-invasive flow reserve measuremangtgrequently used to test the integrity
of the microcirculation [Knaapen 2009]. Howevergithdependence on hemodynamic
conditions and cardiac function limits the conalms that can be derived from these
measurements. Recent advances in different imagindalities offer the possibility to

guantify myocardial perfusion and resistance inolalis terms and to correct for some of

these confounders.



1.4.3.1Coronary flow reserve

Coronary flow reserve (CFR) is defined as the rafigpeak hyperemic to resting flow. A
reduction in flow reserve is indicative of an ir@se in minimal coronary resistance and, in
the absence of obstructive epicardial coronaryradeease, is therefore frequently used as
an index of microvascular dysfunction. Absolute mjifecation of perfusion is not mandatory
for the calculation of CFR, as the ratio of semauafitative perfusion indices will also yield a
flow ratio. Unfortunately, CFR strongly depends dranges in the plateau level of resting
perfusion. Although normalization of resting flowrfheart rate and blood pressure may
standardize this parameter, its correction remainsmplete. The magnitude of hyperemic
perfusion is likewise affected by hemodynamic ctinds such as driving pressure and heart
rate. The dependence of flow reserve on hemodynamngitions and cardiac function
therefore limits its use as a reliable and reprdadeanarker of microvascular disease [Rossen
1993]. Minimal microvascular resistance (MVR) shibuherefore be considered a more
guantitative measure of microvascular function ahe preferred parameter to study

microvascular disease.
1.4.3.2Non-invasive measurement of MVR

The principle of quantitative perfusion imaging Imsed on the exchange of tracer
concentration between blood and tissue over tinteerevthe ideal tracer accumulates in or
clears from myocardium proportionally to myocardidod flow (MBF) and is not affected
by pathophysiological conditions. Noninvasive measwent of MVR can be obtained with
positron emission tomography (PET), cardiovascmiagnetic resonance imaging (MRI), or

echocardiography.

For the last two decades, PET has served as tlte gj@hdard for noninvasive absolute
guantification of MBF and MVR [Kaufmann 2005]. Teas have been shown to accurately
guantify MBF in absolute units and correlate welthwalues obtained after injection of
radiolabeled microspheres, both at a regional dobag)level. Furthermore, reproducibility
was shown to be good [Kaufmann 1999]. On the oltaerd, PET suffers from its limited
availability and high costs, which are mainly rethto the necessity of an onsite cyclotron
and expertise regarding the preparation of theoteatiers. Furthermore, the spatial resolution
of PET is relatively low#5 mm), resulting in partial volume and spillovefeets. Finally,

although PET is the method of choice for noninvasassessment of perfusion and
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metabolism, it does not provide suitable anatomisBdrmation compared with MRI and

echocardiography.

Myocardial perfusion imaging using MRI has the adage of high spatial resolution, no use
of ionizing radiation, the use of readily availablEntrast agents, and no attenuation problems
related to, e.g., overlying breast shadow. Furtleeemnext to the information pertaining to
perfusion, accurate assessment of regional myadandill motion and, tissue morphology
can be obtained in the same setting [Botnar 20B8pther advance of MRI is accurate
delineation of subendocardial and subepicardialfugsem. There are, however, some
technical limitations that hamper the routine gifeation of perfusion with MRI. First and
the most important is that for achievement of argadte signal-to-noise ratio, relatively
large doses of gadolinium must be administeredh@se concentrations, however, the linear
relationship between the signal intensity in thi¢ ventricular cavity and the actual contrast
concentrations levels off. Therefore, for quanéfion purposes, one should use much lower
doses of gadolinium. Unfortunately, these loweredosesult in decreased contrast to noise
ratios and loss of the possibility for visual arsayof the myocardial tissue response.

Myocardial contrast echocardiography (MCE) for guferation of perfusion has become
feasible with the development of a microbubble m@sitagent that remains confined to the
intravascular space and behaves similarly as reabdblcells [Lindner 2002]. The
microbubbles reach a steady state with concentigiio arterial blood and myocardial tissue
relatively constant. Subsequently, a high-powenaatiund pulse destroys the bubbles and the
void is replenished within few seconds. The timdewi intensity registration can be fitted to
an exponential equation that indicates the flowoey of blood. True quantification,
however, is hindered by the fact that estimated caxdial blood volume is subjected to
attenuation artifacts. Although MCE is a relativelgw method, and requirements are not
easily met, the potential for this technique isdewit as echocardiography is widely available,
and is characterized by high temporal and spa#ablution. Despite these advantages,
compared with PET and MRI, MCE must currently bexstdered the least accurate and
attractive noninvasive perfusion imaging modality fwo reasons. First, echocardiography
suffers from a poor acoustic window in a considiergiercentage of patients. Furthermore,
the number of validation studies with MCE that hawplemented the above-described model
is limited [Vogel 2005]. One of the possible ex@taaons for the inaccuracy of the
measurements, next to distortions in image quatiyld be that the model assumes linearity

-11 -



between contrast concentrations and measured unieasity. This assumption, however, is
incorrect in the higher range of microbubble coricdions as observed in the left ventricular
cavity. Second, there is an ongoing debate withaetsto safety of the microbubble contrast
agent. Adverse allergic reactions have been fratpesported. Although these side effects
generally do not result in permanent damage, itlbdgo regulations restricting the use of
some brands. In addition, both dog and human exjeertis have shown that the destruction of

microbubbles by the ultrasound beam can resultionavascular damage.

1.4.3.3Invasive measurement of MVR

Invasive catheter-based quantification of MVR carplerformed at a global or regional level
[Kern 2006]. For the global approach, the cororsanys is selectively catheterized and flow
is measured with the use of the thermodilution nemlie. After an injection of saline of a
known volume and temperature, the temperature aagistration, a few centimeters distal to
the injection site, allows for the computation disalute volumetric flow, expressed in
ml/min. The regional approach requires cathetaamadf one of the major coronary arteries
and flow can again be measured using the therntamilutechnique [Pijls 2002].
Alternatively, flow velocity can be measured wittetuse of a Doppler guide wire advanced
into the epicardial coronary artery. Current sttéhe-art single guide wires allow for the
assessment of flow velocity and pressure simultasigdo determine MVR. As the Doppler
signal yields flow velocity only, conversion to vohetric flow requires exact knowledge of
the vessel lumen dimensions, i.e., the cross-set@rea that can be obtained through either
guantitative coronary angiography (QCA) or intraxdar ultrasound (IVUS). The
measurements need to be performed during maxinaahycological vasodilatation induced
either regionally or systemically to achieve minin@ronary resistance. Furthermore,
vasodilatation induced with these pharmacologi@dodilating agents appears to somewhat

exceed the physiologically mediated response.

The major advantage of the catheter-based appredbh fact that coronary angiography can
be performed to exclude obstructive atheroscleraisiee epicardial arteries during the same
session as the MVR measurements. In these instadistal pressure measurements can
distinguish coronary epicardial from microvasculasistance. Finally, acute effects of
coronary interventions on MVR can be monitored,tipalarly in target vessel coronary

arteries [Verhoeff 2005]. There are, however, sa@vémitations. For the thermodilution
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technique, stable positioning of the catheter idisipensable, which may be difficult
especially in the coronary sinus. Furthermore, kbsoquantification of flow requires
accurate registration of the temperature and volomghe injected indicator (saline) at the
injection and the downstream temperature recordihghe distal site. These types of
measurements have proven to be problematic anthgisgatively high variability, e.g., due
to incomplete mixing of saline and blood. Given sihetechnical limitations, Pijls and
colleagues have developed and validated a simglthermodilution model where an index
rather than quantitative flow is obtained by regison of the mean transit time of the
indicator, disregarding absolute temperature chaifige Bruyne 2001]. Thereafter, a semi-
guantitative, unit-less index of microcirculatomsistance (IMR) can be calculated [Fearon
2003]. Although experience is limited, mean tramisite could also be determined using X-
ray densitometry [Haude 2000]. For this purposejcator dilution techniques have been
applied to x-ray densitometry for the evaluationcofonary blood flow and myocardial
perfusion. Based on the assumption that flow isrét® of vascular volume and indicator
transit time, several densitometric parameters vdenéved to substitute for both vascular
volume and transit time: contrast medium appeardéinog, rise time, mean transit time, and

maximum density of the time-density curve.

Considering the characteristics of different methddr the quantitative assessment of
coronary microvascular dysfunction, absolute qdi@ation of perfusion and pressure to
determine minimum microvascular resistance plagsrdral role. It can be concluded that the
invasive approach is the preferred method in ptievith epicardial obstructive coronary
atherosclerosis as microvascular resistance cateteemined distal to the epicardial lesion.
Also, invasive measurements are most suitableviesiigate acute effects of interventions.

1.5 Invasive treatment of the ischemic heart diseas e

Percutaneous coronary intervention (PCI) is a brasfctherapeutic cardiac catheterization,
which serves for reduction or elimination of sedawarrowings of the epicardial coronary
arteries. One of the most important and rapidlyettgyng fields of PCI is to abort an acute
myocardial infarction (AMI) by opening of the intarrelated artery to reduce the mortality of
this devastating disease. Typically, PCI is peridnby threading a thin balloon-tipped
catheter from a peripheral artery to an artery e heart. The balloon is then inflated,
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compressing the plaque and dilating the narrowednaoy artery to restore sufficient blood
flow. This is often accompanied by inserting a datl-expandable metal stent to prop open
arteries after PCI.

PCI usually consists of routinely applied stepstlué procedure and is performed by a
specialist (interventional cardiologist), scrub ses, hemodynamic assistants; all whom have
extensive and specialized training in these tyggsacedures. PCI starts with the access into
the femoral, brachial or radial artery by an introer needle. This procedure is often termed
as the Seldinger's method, which is less invasomapared to the former surgical cutdown
opening of the artery. Once access into the aiseggined, an "introducer sheath" is placed in
the vessel to keep the artery open and controdisige Through this sheath, a 100 cm long,
flexible, plastic tube called a "guiding cathetes" pushed. The wall of this catheter is
hardened by a steel wire mesh except for the sstthldip. This tip of the guiding catheter is
gently placed into the ostium of the coronary artéhe catheter also allows for contrast
material to be injected into the coronary arteoyitgat the location of the devices placed into
the vessel and improvement of the stenosis dusetpriocedure can be readily assessed using
real time x-ray visualization. During the X-ray waization, the operator estimates the size of
the artery and selects the type of the coronargeyure and balloon catheter that will be used
during the case. Heparin (a blood thinner) is gitemprevent the formation of clots and
maintain blood flow. The coronary guidewire, whisha thin (0.4 mm) wire with a radio-
opaque flexible tip, is inserted through the guidoatheter into the vessel to the site of the
stenosis or blockage. The tip of the wire is thessged across the blockage. When the
guidewire is in place, it now acts as the pathwaythe dilation balloon catheter or stent
delivery systems. The tip of the balloon cathesenallow and is then inserted at the back of
the guidewire. The angioplasty catheter is gentiyhed forward, until the deflated balloon is
inside of the blockage. The balloon is then inflatand it compresses the atheromatous
plaque and stretches the artery wall to exparah Expandable wire mesh tube (stent) was on
the balloon, then the stent will be implanted tpmurt the dilated position of the artery from

the inside.

1.5.1 Coronary stenting

Classical types ("bare metal”) of coronary stemtsvidle mechanical scaffolding that keeps
the lumen open, preventing early elastic recoil daayed shrinking, called negative
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remodeling of coronary arteries. Stent implantatitas been shown to be superior to
angioplasty alone in patient outcome by keepingrees patent for a longer period of time.
The recently introduced drug-eluting stents (DE®) taaditional stents that are coated with
drugs, which release certain drugs over time. $tlen shown that these types of stents help
prevent restenosis of the artery through diffengmirmacological mechanisms. These rely
upon the suppression of tissue growth at the siémtand local modulation of inflammatory
and immune responses. The prototype of these dsugsolimus, which has demonstrated
safety and efficacy in this application in contealiclinical trials. However, in 2006 different
European trials seem to indicate that drug-elustents may be susceptible to "late stent
thrombosis", where clot formation inside the steah occur one or more years post-stent.
Since then it turned out that late and very lagntsthrombosis occurs in 0.9% of patients
only, although it is an extremely dangerous and etomes fatal complication. New
generation DES products seek to eliminate this lgkising biocompatible or biodegradable
coatings, and there are great efforts to develeptst which are completely biodegradable in
1-2 years. Coronary angioplasty is widely practicadd although has a number of risks,
major procedural complications are uncommon. Blegdliom the insertion point in the groin
is common, in part due to the use of anti-plateletting drugs. Infection at the skin puncture
site is rare and dissection (tearing) of the acbéssd vessel is uncommon. Allergic reaction
to the contrast dye used is possible, but has bestuced with the newer non-ionic agents.
Deterioration of kidney function can occur in pat& with pre-existing kidney disease, but
kidney failure requiring dialysis is rare. Vascuéacess complications are less common and
less serious when the procedure is performed @adtial artery. The most serious risks are
death, stroke, ventricular fibrillation, myocardiaffarction and aortic dissection. An AMI
during or shortly after the procedure occurs in%).8f cases; this may require repeated
emergency PCI or coronary artery bypass surgerartH®auscle injury characterized by
elevated levels of CK-MB, troponin may occur in top30% of all PCI procedures. As with
any procedure involving the heart, complications sametimes, though rarely, cause death.
Less than 1 percent of people die during angiopl&bmetimes chest pain can occur during

angioplasty because the balloon briefly blockslodf blood supply to the heart.
The high risk patient population for complicatioasharacterized by:

* Age 75 and older;

» Kidney disease or diabetes;
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* Women;
» Left ventricular heart failure;
» Extensive coronary artery disease;

* Primary and rescue PCI performed in the acute pbiaa#/l

Functional recovery of the myocardium after acufe-efevation myocardial infarction

(STEMI) and recanalization of the occluded cororemgry by PCI are influenced by several
factors including pain-to-balloon time, myocardialapacity for regeneration and
microembolism distal to the thrombus. This resuitdhe wide variety in clinical pictures

experienced after AMI and successful PCI.

In the current clinical practice, successful retiaation of AMI is described by an increase in
blood flow in the epicardial artery characterized Thrombolysis in Myocardial Infarction
(TIMI) flow grade [TIMI 1985][Chesebro 1987], rangj from O (no antegrade flow beyond
the point of occlusion) to 3 (antegrade flow inke tbed distal to the obstruction occurs as
promptly and as rapid as to an uninvolved bed efsame vessel or the opposite side, and
clearance is also as rapid as from an uninvolvelldoeopposite side). However, myocardial
reperfusion depends not only on the epicardial ftscribed by TIMI flow grade in case of
successful recanalization (TIMI 3 flow). In sometbé cases, only the reduced myocardial
perfusion indicates permanent damage of affected after successful revascularization [De
Luca 2005][lto 1992][Kenner 1995]. The so-calledo-teflow" phenomenon, an open
epicardial artery without flow into the myocardiurpredicts complications. Therefore,
assessment of myocardial perfusion has a greatrtarme in risk stratification after AMI and
successful PCI [Henriques 2003].

As the importance of the coronary microcirculatiordetermining patient outcomes has been
demonstrated, different quantitative methods feraihalysis have been thoroughly studied.
Unfortunately, several methods are not routinelpliapble in the cardiac catheterization
laboratory during primary PCI of the infarct-reldteartery. Index of microcirculatory
resistance (IMR) is a method for the assessmetiteoftatus of coronary microcirculation,
independent of the epicardial artery [Fearon 2003$. derived from distal coronary pressure
and hyperemic mean transit time, and is validategaveral clinical studies [Aarnoudse
2004][Ng 2006]. Although measuring IMR requiresragsure and temperature sensor-tipped
catheter, it has been found to be an accurate,titatare, invasive assessment of the

resistance of microcirculation, which consideratidyermines myocardial perfusion.
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1.6 Visual grades for the assessment of functional success of
primary PCI

A simple clinical tool that describes the effectiess of myocardial reperfusion was lacking.
Therefore, Van't Hof et al. introduced the firstgagraphic grading method for the
assessment of myocardial perfusion [van 't Hof 1988new parameter was described, the
Myocardial Blush Grade (MBG), based on the obsewmadf maximal contrast density at the
area at risk, compared to healthy areas. To valittds new tool, MBG was compared with

electrocardiographic, enzymatic and sonographiamaters of the reperfused heart.

Two years later, Gibson et al. suggested anothedimy scale describing temporal
characteristics of myocardial contrast intensitylech TIMI myocardial perfusion grade
(TMP) [Gibson 2000]. TMP classifies reperfusion dxhson the dynamics of contrast

clearance.

After demonstrating high correlation between recgwd myocardial function after AMI and
visual perfusion grading (both MBG and TMP), theyw& been widely used as an endpoint in
clinical studies evaluating effectiveness of in@tonal tools and other therapeutic methods.
However, no reports have been found so far, touataland compare these visual grading
scales on the same population.

Additionally, visual grading highly depends on fhdgments of observers, therefore its most
important limitations are interobserver variabil[Bertomeu-Gonzalez 2006][Galiuto 2008],
and the limited number of classification categaries

Myocardial perfusion
(MBG, TMP)
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Figure 1. While TIMI Flow Grade classifies epicardial ciratibn at the level of visible
vessels, Myocardial Blush Grade (MBG) and TIMI Mgadial Perfusion Grade (TMP)

classifies contrast density at the level of micopsc vessels.

1.7 Cardiac Digital Subtraction Angiography

Digital Subtraction Angiography (DSA) is a widelysed method to visualize peripheral
circulation and its disorders. Images are produsaag contrast medium by subtracting a pre-
contrast image or the mask from later images, dmeeontrast medium has been introduced

into a vessel.

DSA produces motion artifacts if the structure &éwvisualized changes position between the
acquisition of the mask image, and the contralgtdfiimage, which corrupts density values in
the resulting image. Therefore, DSA with motionifacts cannot be used for quantitative,

densitometric measurements.

In the region of the heart, there are two souréesation artifacts: breathing, and myocardial
contractions. Breathing can be prevented, if thiiepican hold breath for the time of the
acquisition (10-15 seconds), while the effect adrheontractions can be eliminated by phase-
matched DSA, or cardiac DSA. In this method, ndy @me single mask image, but a whole
heart cycle is recorded (10-20 image frames) witlommtrast medium. Later, after contrast
injection, every image frame is matched and sutddaevith a mask frame of the same
contraction phase. This is illustrated on FigureAR.a minimal frame rate of 15/sec, this
technique produces insignificant motion artifacts cardiac DSA angiograms, enabling the

development of computerized videodensitometric nmeasents on coronary angiograms.
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Contrast injection

S D .
——/ Time
Heart cycle

(S: systole)
(D: diastole)

Figure 2. Phase-matched cardiac DSA. Corresponding contragihases are subtracted
before and after contrast injection. Resulting immapows some motion artifacts at the

contours of the diaphragm and the lung.

1.8 Myocardial videodensitometry

The research for quantitative videodensitometrifyseon assessment had started even before
the visual grading was first described in the &itare. The primary goal of these studies was
to develop an operator independent and quantitatase of myocardial perfusion assessment
based on X-ray coronary angiograms, which is thly emyocardium imaging modality,
widely available during coronary interventions.

The first videodensitometric equipment found in tlierature, didn't use any digital
technology [Rutishauser 1967]. It was assembled feo specially designed projector for
cineangiographic films, and a focusing screen with photoelectric cells with adjustable
apertures. The time-density curves, plotted frora $ignal of photoelectric cells, were
computed from the signals of the photoelectricscedind were analyzed manually. It was
found that measurement parameters of videodenditproerrelate with the true perfusion

data.
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In later experimental animal models, a wide varietytime-density curve parameters were
tested to investigate correlation with ground trperfusion data. Ultrasonic and
electromagnetic flow meters were used to validasasurements [Eigler 1989][Pijls 1990].
The best parameter for perfusion measurement weslfto be mean transit time, as reported
consistently by all investigators. Rise slope a# time-density curve, and time to reach
maximal intensity, also showed good reproducibiéityd close correlation with myocardial
blood flow. Regional myocardial blood perfusion watso determined by colored
microspheres in a canine model, and compared teodehsitometric parameters [Haude
2000]. Microspheres suspended in saline were iejeitto the left atrium. At the end of the
experiments, perfusion territories were cut intocks and color spectra of each sample were
measured. Absorbance gave direct information ofeélgeonal myocardial blood flow. Results
indicated that x-ray videodensitometric analysiscafdiac DSAs permit the evaluation of

regional flow over a wide flow range.

It has been confirmed that myocardial perfusion ¢ten assessed on human coronary
angiograms as well. Computerized quantitative nathare useful tools to assess perfusion
from the contrast density signal in the myocardiulin.has been demonstrated that
computerized videodensitometric perfusion assessioanbe used for risk stratification in
non-ST-elevation AMI [Korosoglou 2005], as well as ST-elevation AMI [Korosoglou
2007].

Computerized methods in general have the limitatibat the region of densitometric
measurement can only be placed in areas withoutrneayonary vessels, because density of
vessels is very intensive, and their signal catmeoeliminated from the time-density curve,
recorded in the region of interest. Since epichuali@ries leave only small gaps between each
other, the region of measurement is specially &thito such small areas that may not

represent the state of the whole myocardial arealat

1.9 Goals

To solve the limitation of visible vessels overlagpmyocardial areas in projection images,
we aimed to apply automatic detection and elimoratof coronary arteries from X-ray
angiograms. An algorithm was developed, capablevidieodensitometric myocardial

perfusion assessment with masking of visible vessl clinical applicability was shown, the
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effect of vessel masking was evaluated. Correlatbrthese measurements with clinical
parameters of myocardial perfusion was demonstretesvo different populations; in (1)
acute clinical setup in patients with AMI and sw=fal primary PCI, and in (2) elective

patients with known haemodynamic parameters.
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2 Patients and methods

2.1 STEMI patient population

The present prospective study comprised 62 patieititsSTEMI and treated by primary PCI.

Patients were enrolled by the following inclusionezia:

4.

Pain-to-balloon time < 8 h;
ST-segment elevation > 0.1 mV in at least thredigoaus ECG leads;

Occluded coronary artery on the diagnostic angiogf8iMI Flow Grade 0), which is
at least two millimeters in diameter and suppliesemlium to large myocardial area;

Successfully opened coronary artery after PCI (THbWw Grade 3);

Some patients were excluded, based on the followaiiberia:

Atrial fibrillation. Sinus rhythm is a prerequisiter DSA calculations in order to
precisely subtract the identical phase of the bemkyl from the contrast-filled
images. In case of pacemaker implantation the qatieeds to be actively paced

therefore in such a case atrial fibrillation is aatexclusion issue.

Bradycardia (<35/min). At this heart rate we canpetform a record long enough to
reliably measure perfusion parameters of the tieresiy curve.

Missing cooperation of patient. Subject needs tidl lhhoeath during recording and to

avoid movement within this time.

Patient weight exceeds 120 kgs. Based on our pimaetgeriments, in extremely
obese patients density values may be altered.cFitesion may be unnecessary in the

future with the application of correction factonsrithg densitometric measurement.
Arterial or venous graft on the examined artery.

Contralateral collateral circulation of the exandrsetery.
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Demographic and clinical data of patients (withtacclinical setup) are shown in Table 1.
Informed consent was obtained from each patientthadstudy protocol conformed to the
ethical guidelines of the 1975 Declaration of Haltsi as reflected in a priori approval by the

human research committee of the University of Sdege

Sample size (n) 62

Age (years) 58.4 £10.9
Gender (male / female) 40/ 22
Diabetes mellitus (n) 13 (21%)
Hypertension (n) 48 (77%)
Hypercholesterolemia (n) 35 (56%)
Smoking (n) 34 (55%)
LV-EF (%) 51.4 +11.1
sum CK (U/l) 5676 +3398
ST-resolution (%) 52.3+24.8

Table 1. Abbreviations: LV-EF, left ventricular ejectionafttion 3 days after PCI; CK,

creatine-kinase as sum of measurements at 6, 1#h®48 hours after PCI.

2.2 Elective patient population

Thirteen patients were enrolled in the electivedgtuadmitted for elective coronarography
after a positive stress test (treadmill ECG byBinece protocol) showing inducible ischemia.
In all cases, angiography was negative for thegoras of epicardial coronary artery stenosis,

coronary ectasia or coronary spasm. For main astofs of the patients, see Table 2.
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Sample size (n) 13

Male gender (male / female) 8/5
Age (years £SD) 61.9+11
Diabetes (%) 2 (15%)
Hypercholesterolemia (%) 4 (31%)
Hypertension (%) 7 (54%)
Smoking (%) 7 (54%)

Table 2. Clinical parameters of elective patients.

2.3 Angiography protocol

Angiograms for densitometric analysis were reconted way that phase-matched DSA can

be performed on them. This required the followinitecia:

1. Motion of patient or table should be avoided, inihg breathing of the patient for the
time of image recording.

2. At least one contrast-free heart cycle should lserded before injection of contrast

material, which will serve as a mask for subtrattio

3. Field of view is to be set to contain the wholeigul area of the vessel of interest.

All coronary angiograms performed in this study itietse criteria. Projections were chosen
to minimize the superposition of non infarctionateld myocardium and edge of the
diaphragm which usually gives motion artifacts ddADimages. Left anterior descending and
left circumflex coronary arteries were recordedateral (Left Anterior Oblique 90°), while

right coronary artery was recorded in antero-past@rojection.

The same kind of non-ionic contrast material (iaiex35 g/ml iodine; Omnipaque™, GE
Healthcare, Cork, Ireland) was used for all angaowg injected by an automatic motorized
contrast injector (ACIST Medical Systems, Inc. Gogie, Eden Prairie, Minnesota, US).
Angiograms were recorded on an Innova 2000™ (GElthimmre, Chalfont St. Giles,

Buckinghamshire, United Kingdom) system, imagesewstored in 512x512 size 8-bit,

grayscale, uncompressed format.
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2.4 Calculation of microcirculatory coronary resist ance

In the elective population, an intracoronary pressnd temperature sensor-tipped guide wire
(Certus pressure wire, Radi Medical Systems, Upps8weden) was used to record
thermodilution curves and distal coronary presstirermodilution curves were obtained (in
triplicate) from a hand-held, 3-ml brisk (<0.25 ig)ection of room temperature saline at
baseline and at maximal hyperemia. Maximal hypesmemwias achieved by a 20 mg
intracoronary bolus injection of papaverine. Meamsit time (T,,) at baseline and maximal
hyperemia were derived from thermodilution cun@snultaneous recordings of mean distal
coronary pressure (from the distal pressure sengem® also made at baseline and maximal

hyperemia.

IMR was calculated from the ratio of the mean dlisteionary pressure at maximal hyperemia
to the inverse of mean hyperemig,,J CFR was calculated from the ratio of hyperaenic t

baseline T

2.5 Analysis of myocardial perfusion

MBG and TMP were graded in a random sequence imdigmely by two cardiologists
experienced in the visual analysis of angiogranig) were blinded to all other clinical data.
Final values for each patient were based on consdmstween the observers. Patient groups
of grades 0 and 1 of both MBG and TMP were unifiedthe statistical analysis, due to
identical definitions in MBG 0 and TMP 1, whichatso a common practice in the literature
of myocardial blush evaluation. See Table 3. fofiniteons used for grading of the

angiograms.
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_ TIMI Myocardial Perfusion
Grade Myocardial Blush Grade
Grade

No or minimal contrast density, or No or minimal contrast density, or
0/1 persistent density on subsequent persistent density on subsequent

image acquisition. image acquisition.

Moderate contrast density, but less o

' . Contrast density is strongly
than that obtained during . o o
_ persistent and diminishes minimall

2 angiography of a contralateral or _ _

o _ or not at all during 3 cardiac cycles

ipsilateral non-infarct-related

of the washout phase.

coronary artery.

Normal contrast density,

comparable with that obtained | Contrast density is minimally
3 during angiography of a persistent after 3 cardiac cycles of

contralateral or ipsilateral non- | the washout phase.

infarct-related coronary artery.

Table 3. Definitions of perfusion grades.

2.6 Vessel masking

Although coronary arteries are filled with an X-regntrast agent during image acquisition,
simple image intensity thresholding cannot separassel pixels from those of background at
a satisfactory accuracy. Vessel segmentation ahtgosi therefore generally use feature

extraction before thresholding, which enhances emagions based on a certain vesselness

probability criterion.

A multi-scale vessel detection algorithm was usedi@scribed by Frangi et al. to compute
vesselness probability maps for all angiogramsr§ird998]. It analyzes the eigenvalues of
the Hessian matrices of image locations. The veesslmeasure at scalemeasures the
contrast between the regions inside and outsidestinge (s, ) in the direction in which the
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local second order structure (curvature) of thegengs the greatest. Elements of Hessian
matrices at scale (H,) were computed by two convolutions of the imagthwhe derivatives

of a Gaussian image filter G),in the directions (vertical or horizontal) copesding to the
position of the element in the 2x2 sized HessiatrimaEigenvalues of | hy and h (in
decreasing order), were used to obtain structusef®sand anisotropy @Rvalues, as shown

in Equation 1.

h

S=,/hZ+h’ Rg=1* 1)
2

Vesselness probability measure at seaMas computed from these two parameters by the

Equation 2.

0 ifh,<0
Voll)=y @
R(

e #|1-p 2 ,otherwise.

Where we used constant 0.5 fyrand half the value of the maximum structuren&sfgr
constant c. Scale seriesn {1.0, 1.5, 2.0, 3.0, 4.0, 5.0} was used to detéifferent sizes (2 to
10 pixels) of vessel-like structures on the imades< O is a condition indicating that an
elongated object with inverse colors (brighterpiigsent in that location. This usually occurs
around vessels, and at motion artifacts, andif itot handled, it gives ghosting artifacts on

the vesselness maps.

Maximal vesselness V=maxg} values formed the final vesselness maps of angiog.
Vesselness maps were thresholded at 10% of maxiaha¢ to generate binary vessel mask
images. An original DSA angiogram, correspondingsedness probability map and vessel

mask are shown in Figure 3.
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Figure 3. DSA image of left coronary artery (A), vesselnessp of the DSA image, white
color representing 100% and black 0% probabilityhef pixel belonging to a vessel (B), and

result of thresholding of the vesselness map at (@b

2.7 Videodensitometric measurement

TIMI Myocardial Perfusion (TMP) grades were detared in a random sequence
independently by two cardiologists who were blindedll other clinical data. Final values
for each patient were based on consensus betweearbtervers. Time-density curves (TDC)
were recorded in polygonal regions of interesteceld by a cardiologist experienced in the
analysis of coronary angiograms. Phase matched D$f¥es were used with stabilized

image acquisition parameters for measurements.

The computerized method for myocardial perfusioseasment was based on the analysis of
the time-density curves measured over the infaletted myocardial region of interest (ROI).
The polygonal ROIs (consisted of 4-10 points) cedethe whole myocardial area at risk for
each patient. ImageJ image analysis software (m#:info.nih.gov/ij/) was used for ROI
definition and computation of the TDC. Binary vdss®sk images were used as a logical
mask to exclude image points belonging to vessefa the computation of average density in
the ROI. Frequencies higher than 0.6 Hz were rechdram the TDC to eliminate artifacts
from cyclic heart contractions.{z was defined as maximal amplitude of the TDC, Tnsax
the time to reach Gy Perfusion was characterized with,@Tmax according to previous
results [Korosoglou 2007]. Examples for ROI defont and resulting TDCs with

measurement parameters are shown in Figure 4.
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The measurement algorithm, as shown in Figure bnpemented as a software prototype.
After loading of a coronary angiogram, vessel maghs automatically performed. The only
user interaction needed is the definition of thel.Rherefore, this is the only source of
interobserver and intraobserver variability. Thariability is evaluated by performing all
measurements by two independent, experienced tagdits. The time-density curve

generation and its parameter measurement is atematic.
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Figure 4. Region of interest (dashed white line) after axpmal LAD occlusion (upper
image) and a proximal RC occlusion (lower image)rr€sponding time-density curves are
shown on diagrams on the left, original measuremsante by gray, frequency-filtered curve

by black line. The lower diagram shows low Gmax/Xroharacteristics.
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Figure 5. Outline of the videodensitometric measurementrilyo.

For the elective study, densitometric CFR was dated as hyperemic to baseling£3T max
In previous studies densitometric CFR was calcdlftem mean transit times, however, for
reasons mentioned later, we have chosen a diffetante parameter, that reflects a similar

feature of the time-density curve.

2.8 Clinical indicators of reperfusion

Twelve-lead body-surface electrocardiograms (EC@)ewecorded at the beginning of PCI
and 90 minutes later. ST-resolution was defined decrease of ST-segment at 90' compared

to the first measurement in the lead with highe$ts8gment elevation, expressed as

percentage of initial ST elevation.

Blood creatine-kinase (CK) enzyme levels were mesbb, 12, 24 and 48 hours in the
STEMI patient population after PCI. These four nueaments were summed up to assess

cumulative enzyme release, and this sum is usedghout the results section.

Echocardiographic measurements were performed 8 aftgr the primary PCI to assess left
ventricular ejection fraction (LVEF) in the STEM&apent population.
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2.9 Statistical analysis

All statistical tests were performed with MedCalaftware package (MedCalc Software,

Mariakerke, Belgium). A value of p < 0.05 was calesed to be statistically significant.

The STEMI patient population has been divided io groups by clinical indicators of

successful reperfusion for receiver operating dtarstic (ROC) curve analyses. ST
resolution >50% and cumulative CK release <5000w#te chosen as cut-off values, which
divided the population to approximately equal tvastp. Our results were obtained by ROC

curve analyses at a confidence interval of 95%.

Correlation of GadTmax In €elective patients with parameters of perfusicas assessed by

Pearson correlation coefficient.

Interobserver variability was analyzed by Blandmdin method, and linear regression.
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3 Results

3.1 Success rate in measurements

All enrolled patients with AMI underwent successfatanalization of the occluded vessel
and achieved <50% residual stenosis within 8 hénar® the onset of symptoms. 11 AMI

patients out of 73 (15%) could not be enrolled beeaof lack in cooperation, due to their
severe physical condition or mental confusion dug@dstresuscitation state and/or narcotic
drug effect. No elective patient had to be droppatldue to technical problem, or lack in

cooperation.

3.2 Visual grades in acute patients

Enzymatic infarct size, as expressed by sum of €kase, had a significant negative
correlation (R =-0.687, P <0.001) with TMP, but math MBG (R= -0.062, P =0.63) at our

current sample size, as shown in Figure 6.

A positive, significant correlation was found beemeechocardiographic LVEF measured 3
days after PCI and both MBG (R =0.389, P =0.002) amMP (R =0.587, P <0.001). TMP

showed stronger correlation as shown in Figure 7.

ST-segment resolution as percent decrease oflifiaelevation also correlated with MBG
(R =0.348, P =0.006), but had a stronger corretatidh TMP (R =0.574, P <0.001) (Figure

8.), which is consistent with the previous findings

In summary, lower perfusion grades were always dowo be associated with worse

functional parameters of the heart.
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Figure 6. Rank correlation between ST-segment resolutionsored 90' after AMI and

visual perfusion grades (MBG and TMP). R: Spearc@relation coefficient, n: sample size.
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Figure 7. Rank correlation between summed serum Creatineageinlevels and visual

perfusion grades (MBG and TMP). R: Spearman cdioglaoefficient, n: sample size.
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Figure 8. Rank correlation between Ejection Fraction meabk@elays after AMI and visual

perfusion grades (MBG and TMP). R: Spearman cdioglaoefficient, n: sample size.

3.3 Angiographic parameters of acute patients

Contrast quantity during the image acquisition ¥ateodensitometry was 6.84 + 0.97 ml,

while injection rate was 3.04 + 0.34 ml/s. Increh$&K and decreased ST resolution were
associated with reduced LV function, TMP and Gmax#X values (Table 4).
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sum CK ST-resolution

< 5000 U/l > 5000 U/l >50 % <50 %
N 29 33 35 27
Age (years) 57.4+11.9  59.2 +9.9t 56.6 +11.0  60.6 +10.4
Gender (male / female) 15/14 25/8 19/16 21/6
Diabetes mellitus (n) 8 (27%) 5 (15%) 6 (17%) 7 (26%)
Hypertension (n) 22 (76%) 26 (79%) 24 (69%) 24 (89%)
Hypercholesterolemia (n) 16 (55%) 19 (58%) 19 (54%) 16 (59%)
Smoking (n) 17 (59%) 17 (52%) 24 (69%) 10 (37%)
LV-EF (%) 57.3184 46.1+10'8  54.5+11.1 47.3 £10.0*
sum CK (U/l) 2736 +1386 8259 +2370 4256 +2738 7517 +3323*
ST-resolution (%) 62.0 +24.1 438+22'6  68.1+17.5 31.9 £16.7*
TMP (mean) 2.72 £0.52 2.03+0.72  2.64 +0.54 2.0 £0.78*

Gmax T max including vessels 4.07 £1.05 2.97+1.75 4.03+1.14 2.78 £1.04*

Gmax Tmax €xcluding vessels  4.20 +1.06 2.86+1.02 4.07 +1.11 2.76 £0.96*

Table 4. Clinical parameters and measurement results of aitige patient population,
grouped by sum CK and ST-resolution. Abbreviatioh¥-EF, left ventricular ejection

fraction; CK, creatine-kinase; TMP, TIMI MyocardiRlerfusion Grade. * p < 0.05 vs. ST-
resolution > 50 %; 1 p < 0.05 vs. sum CK <5000 U/1.

3.4 Prediction of successful reperfusion after AMI

Optimal cut-off values have been determined for TNERa/Tmax With and without vessel
masking to predict sum of CK <5000 U/l and ST-ragoh >50% in our study population
(Figure 9). Individual ROC curves were characteatiby sensitivity (Se), specificity (Sp) at

the optimal cut-off value, and area under the ci{AlgC).

Gmad Tmax Without vessel masking did not improve resultsR®DC analysis compared to
visually graded TMP neither in the evaluation wilimulative enzyme release, nor in the
evaluation with ST-resolution. When vessel maskiwgs applied before £dTmax
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measurement, an improvement has been observednmsiabll ROC parameters both with

cumulative enzyme release and with ST-resolutioguie 9).
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Figure 9. Receiver operating characteristic curves of TMép (tow), GnafTmax Without
vessel masking (middle row) and,&/Tmax With vessel masking (bottom row) to predict
cumulative enzyme release characterized by sum @GR09 (left column), and 90-min ST-

resolution < 50% (right column).

Enzymatic infarct size as expressed by sum of Clkkase had a significant negative
correlation (R=-0.445, P<0.001) with&/Tmax Scatter plot and regression line along with

95% predictive boundary is shown on Figure 10.

Additionally, a positive significant (R=0.364, P804) correlation was found between

Gmad Tmaxand ST-segment resolution as % decrease of ififia¢levation (Figure 11).

A milder, but still significant relationship was uod between @Gu/Tmax and
echocardiographic LV-EF measured 3 days after RED(278, P =0.029) (Figure 12).
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Figure 10. Correlation between £,/ Tmax and enzymatic infarct size as sum of four creatine
kinase blood levels (measured 6, 12, 24, 48 hofies aoronary intervention). Black line
indicates regression line, dashed lines indicaé pediction.
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Figure 11. Correlation between £,/ Tmax and ST-resolution measured as a relative decrease
in ST elevation between PCI and 90' after coronatgrvention. There is a significant
positive correlation between these two parameBdegk line indicates regression line, dashed
lines indicate 95% prediction.
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Figure 12. Correlation between £4/Tmax and echocardiographic left ventricular ejection
fraction 3 days after coronary intervention. Blditie indicates regression line, dashed lines
indicate 95% prediction.

3.5 Interobserver variability

Plotting GnafTmax Values on Bland & Altman plot and scatter diagrairiwo independent
observers reveals a reliable interobserver agree(Regure 2) of our method. In the range of
low GmafTmax Values (1 - 2.2), Bland & Altman diagram shows sosignificant scatter
between repeated measurements by different opsratoinear correlation between
measurements of different operators is also st(Bag.98).
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Figure 13. Upper panel shows Bland & Altman plot of the diffiece between paired
measurements by Operatorl and Operator2 for irdergbr comparison of £3/Tmax Scatter

plot of same paired measurement results are shoviower panel.
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3.6 Validation with haemodynamic parameters in elec  tive patients

Increase in Ga/Tmax could be observed in all patients as an effectdetrease of

microcirculatory resistance after intracoronaryaagine injection (Figure 14).
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Figure 14. Effect of i.c. papaverine on the videodensitoncetrieasurement. Upper row
shows a normal left coronary system, ROI coverimmginof the left anterior descending artery
supply area (white dashed line), and the correspgniiime density curve on the right side.
Lower row shows the same, after i.c. papaverinectign. An increased contrast density can

also be visually observed on the lower angiogram.

Significant correlation was found between hyperaerideodensitometric &/ Tmax and
IMR, as shown in Figure 15. And between densitoime®~R and thermodilution-derived

CFR, as shown in Figure 16.
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4 Discussion

4.1 Visual grades

The main finding of the comparison of visual gradethat TMP has a stronger correlation to
enzymatic infarction size, LVEF and ST-resolutitiart MBG, however, both grades show
the same tendency when compared to other cliniaedrpeters of AMI patients after PCI.
These results suggest that clearance dynamics efdife from the microcirculatory

compartment (classified by TMP grade), i.e. the geral changes of myocardial blush
provides more precise information on indicatorsnybcardial viability than absolute density

expressed by MBG, i.e. the spatial variations.

In animal models, the change of density as funatifotime was found to correlate better with

effective tissue perfusion than the absolute valueontrast density. Pijls et al. investigated
the relationship between epicardial blood flow, swad with Doppler flowmetry, and

densitometric parameters on the angiogram [Pijl8019They have found that the most
informative parameter at a certain area at riskésn transit time of the time-density curve.
Haude et al. have supported this result in animpéements using coloured microspheres to
directly measure myocardial perfusion [Haude 2000these studies it was also found that a
strong correlation between time to maximal contidestsity and absolute blood perfusion
exists, whereas maximal contrast density was paasbociated with real perfusion. These
results show that even in standardized, experimhei@aumstances, analysis of the contrast
density as function of time is more informative,datherefore more important than the
assessment of maximal contrast density. These wsinals are consistent with the findings of

our present study, that contrast clearance is inéoemative than contrast density.

The importance of this observation is further engited by the difference in backflow of the
contrast material to the aorta in different angamgs, which may influence maximal contrast
density as observed in the myocardial area. Visualuation of maximal density may also be
corrupted by automatic image processing of theagrgphic computer system (done in order

to better visualize epicardial arteries). Imagecpssing results in different brightness of
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images recorded in different projections, whichthar limits comparison of affected and

healthy areas.

In contrast with these findings, MBG is more widelged in the literature than TMP to
evaluate new interventional devices [Silva-Orre@0&][Young 2007][Cura 2007] and other
therapeutic methods [Bucciarelli-Ducci 2006]. Thigay be explained by the historical
importance of MBG, since it was the first methodet@luate myocardial tissue perfusion by
videodensitometry. TMP was introduced only two getater. Since there was no study
comparing the usefulness of the two perfusion gatleere was no evidence on the better
prognostic value of TMP grade. Our results sugtfest TMP should be used in the clinical
practice, rather than MBG.

Computerized image processing helps improving thesistency of these gradings and thus
assessing myocardial tissue perfusion may becomdespiead in routine clinical practice

during acute PCI.

4.2 Application of our computerized method in STEMI patients

Our results show that vessel masking improves thaesigvity of videodensitometric
myocardial perfusion assessment to detect cumelaiinzyme release and ST-resolution after
successful primary PCI in STEMI. Early resolutioh ST-segment elevation is related to
restoration of myocardial perfusion, less myocdrdamage, and better prognosis after PCI
for AMI [de Lemos 2001][Dong 2002].

There is an abundance of evidence from severahiggbs, such as intracoronary contrast
echo [Ito 1992][Ito 1996], magnetic resonance imggiMRI) [Wu 1998], and radionuclide

studies [Kondo 1998], showing that many patientgehaadequate flow at myocardial tissue
level despite a reopened epicardial coronary art®@oyne patients with partial ST-resolution
(<70%) had a TIMI 3 Flow Grade in the infarct-relatartery [de Lemos 2000], which further
supports that the angiographic findings may ndecefthe status of microvascular perfusion.
Low microvascular perfusion after angioplasty resin larger enzymatic infarct size, lower
residual ejection fraction, higher mortality, angyjier incidence of major adverse cardiac

events in a long-term follow-up [Henriques 2003].
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Since it has been demonstrated that perfusion steees can be used for risk stratification
after AMI, the emphasis of research has shiftethfemalysis of epicardial vessel morphology
and flow, to an assessment of the coronary micoatire perfusion [Costantini

2004][Prasad 2005]. These studies however, stilloa the classic, semiquantitative method

of visual assessment.

In a daily practice, coronary angiography is thesttyoused technique during recanalization
procedure to study the effectiveness of reperfusihemapy. Assessment of microcirculatory
perfusion in the myocardium is therefore necessagn if the recanalization of an occluded
epicardial artery is successful (TIMI 3 flow grad&he demonstrated method provides direct
information on the flow of contrast agent througlyarardial areas, where vessel patency
cannot be visually assessed due to small vessaktiéas and limited imaging resolution.

In most previous studies [Pijls 1990][Korosoglow2]) myocardial ROI was smaller than in
our method. We have chosen to include the wholgiliigion bed of the infarct-related vessel
in the ROI because the distribution of contrastemat in the myocardium is usually not
homogeneous. During our previous investigationsalem ROIs resulted in a greater
interobserver variability, because measurementegaliaried much if the ROl was placed at
different locations inside the infarct-related atgadifferent observers. To our knowledge,
our presented method is the first to combine vasselking with perfusion assessment on X-
ray coronary angiograms. This allowed us to defR@ls including the whole myocardial
area at risk, while arterial contrast density slidl not interfere with myocardial density signal
analysis. Overcoming the problem of positioning BiR®Is in the myocardial area, we have
reached an almost observer independent densit@magthod, as reflected by our inter-
observer agreement 180.97).

In most animal studies, the method of time-densitye analysis contains a fitting of an ideal
curve to measurement data. Pige al. used least squares minimization with gamma-
distribution function [Pijls 1990]. A two-compartmiemathematical model was also proven
to be useful for regional perfusion assessment carane model [Eigler 1989] and later in
humans [Schihlen 1994]. Hauedkal. used a lognormal curve fitting method to compute
densitometric parameters of contrast perfusion {l¢a2000]. We have chosen a more simple
curve smoothing method because multi-parametereciitting can be a source of numerical

errors and algorithmical variability. Our previouwestigations show that the parameters of
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the fitted curve depend strongly on the size of whedow that we use for fitting on the
original curve. In cases of acute myocardial infarc the wash-out phase is often missing
from the acquisition, and motion artifacts causegerary noise on the measurement curves.
Gmax Tmax Calculation needs only two points of the filteraaive, and frequency filtering is
apparently enough to accurately locate these padimsefore this method is simple, robust,
and can be applied in most of the AMI cases. Theran advantage of this instantaneous
possibility quantifying the effective myocardialrfiesion just after primary PCI in contrast
the above-mentioned “offline” methods, like contrasho, MRI and radionuclide studies.
The prompt determination of the post-angioplastyoaydial blush may provide us valuable
information on the prognosis of STEMI patients. fdigy, the early post-PCl care and
adjunctive treatment can be adjusted to the indadidisk.

Our method could also be used in the future inpalpulations where the quantitative
assessment of microcirculation is important dugogonarography or coronary intervention.
Impaired tissue level perfusion plays an importaok¢ in ,microvascular angina” [Cannon
1988], characterized by typical angina pectoris amgjiographically normal epicardial
coronary arteries. Our method could be an informeatliagnostic tool for these patients as

well in the catheterization laboratory.

4.3 Method validation in elective patients

Since our myocardium selective videodensitometregasurement method is a new concept,
we searched for more possibilities to prove itddiigl in myocardial perfusion assessment.
We have compared it with two haemodynamic pararagthat we were able to measure in
some of our elective patients. To our knowledge yweee the first to describe the correlation
of myocardium selective videodensitometrig,o8T max With IMR and videodensitometric
CFR with thermodilution-derived CFR.

When the normal coronary vascular bed is maximalikated, the capillaries are the
bottleneck to hyperemic flow, therefore, the stafedecreased CFR is associated with
capillary derecruitment [Jayaweera 1999]. Reducemaardial capillary density can be
observed in many conditions, such as myocardiaration [Saraste 2007], hypertension
[Kamezaki 2007], and diabetes [Borgquist 2007]idiopathic dilated cardiomyopathy, not
only the number, but the diameter of the capilEamas also decreased [Tsagalou 2008]. The
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lower number of parallel capillaries result in hegltumulative resistance of the myocardium
against the flow of angiographic contrast materTdlis may result in the limited rise slope
(Gmax Tmax Of the hyperemic time-density curve, observeduncurrent study.

Further investigations on larger patient populatiane needed to assess the diagnostic value
of videodensitometry in the aforementioned patigopulations. If it proves to be accurate
and reproducible by independent study groups, il wontribute significantly to the
information provided by cardiac catheterization @tibe state of the heart.

4.4 Method validation by others

Videodensitometry of similar methodology to ourss Heeen studied by a number of other
groups in the past decades. In this section, twentereports are discussed and compared with
our method. Since they use very similar methodwedisurement, these findings support each

other, as independent experiments with consisesutlts.

Korosoglou et al. used the most similar methoduxs dor perfusion assessment [Korosoglou
2007]. The time course of blush intensity rise \maslyzed using sequences of ECG-gated
angiograms. End-diastolic images were selected, thadirst frame before contrast agent
administration was subtracted from all the follogirirames (background frame). For
guantitative analysis, regions of interest were@thin the perfusion territory of the infarct-
related artery to estimate the plateau of mean lgnast pixel intensity (Gay and the time to
maximal intensity (). Regions of interest were positioned on the tiatadmark branches,
which were previously proposed for TIMI frame couadsessment [Gibson 1996]. They
demonstrated the incremental value of videodenstonto predict functional recovery in
patients with acute STEMI, compared with visualeassnent. Ga/Tmax Was strongly related
to infarct size assessed by myocardial contrasbaidiography and by MRI and could
accurately estimate follow-up ejection fractiorpetients with AMI. Thus suggesting that this
parameter may be useful for the prediction of feHap ejection fraction and LV remodeling
patients.

Our two improvements, compared to the method desdrby Korosoglou are, 1) we use all

frames of the angiogram, not only the diastolierfes, which makes our method more robust,
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2) we use vessel masking, therefore larger myoahatieas can be measured, automatically

excluding epicardial vessels.

A recent study by Vogelzang et al. [Vogelzang 20@@scribes a method with some
additional features compared to that of Korosogktual. For each frame, a possible
translation offset for the polygonal ROI is detemed compared with the other frames to
correct for panning motions. This offset is caltetaby trying all possible motions with the
change in x-pixel offset ranging from 210 to 10 &he change in y-pixel offset also ranging
from 210 to 10. For each change, the correlationvéen the old and the new frame is
calculated, and the shift with the best correlati@tween the frames is taken. In each frame
of the run, a background mask is composed by takingedian filter. This background mask
contains all large-scale structures, but no smallerd structures. This mask is subtracted
from the original frame, so that only smaller-siztdictures remain. All pixels in the polygon
are subdivided in blocks of 5 by 5 pixels. For edbhck, the average of the darkest few
pixels is taken (i.e. the pixels which have the tramtrast compared with the background).
The value of a single frame is calculated as tlexaye of the best 50% of pixel blocks. As a
value is calculated for each single frame in thgi@ram, there is no need to specifically
indicate end-diastolic frames. The values for edinfes provide a time-density curve. The
measurement result, named Quantitative Blush Et@y&uBE) is formed by the sum of
maximal Gna Trmax Of both the filling and the emptying phase of #essels. QUBE proved to
be an independent predictor of mortality at 1 yatier AMI and successful PCI. It also

correlated with complete ST-elevation resolutiod &ow enzyme levels.

Although Vogelzang et al. used a non vessel-sgegifisking of the images, opposed to as it
was previously described by our group [Ungi 20@8¢y also got to the conclusion that it is

an improvement of the videodensitometric myocarmgiahsurements.

These studies contribute to the wider acceptandespread of myocardial videodensitometry
in the clinical practice. Assumably, one well-defihalgorithm will be used in the near future
to make results comparable across different labaoest All findings on this field may

somewhat refine this future method, which is tagbeerally accepted.
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4.5 Limitations

As a limitation of this study, it should be notdtht the extent of necrosis in STEMI is a
function of several factors: e.g. pain-to-balloong, existing collaterals and technical success
of the procedure. This should be taken into comatten when discussing the results of this
single-center study, with limited number of patger®ur population may also be young, with

less diabetics, smokers and hypertensives, compau@ttier studies.

Measurement of CK release, LV-EF and ST resolutwe indirect indicators only of
reperfusion. Validation of this novel videodensigtnt method could be more valuable if it
would have been compared to other imaging modslitieat directly assess regional
myocardial perfusion. A comparison with myocard@antrast echocardiography, MRI or
positron emission tomography (PET) measurementddcptovide stronger evidence or
valuable information on this method. However, videositometry for myocardial perfusion
assessment is strongly supported by previous arerpdriments and human studies as well.

The weak correlation compared to echocardiograpWieF may be explained by myocardial
stunning that can still be present 3 days after ihfarction, and furthermore, the
compensating hyperkinesia of the normal segmenay, diminish deterioration of the global
LV function. In the future, a quantitative segméraalysis of the motility of the infarct-area
may demonstrate a better correlation with the mgdiahperfusion. Follow-up studies may

reveal stronger correlation betweeR£&T max and left ventricular function.

Data loss due to superpositioning during projectminthe real 3D structures on 2D
angiographic images will always remain a limitatminimage processing methods applied on
coronary angiograms. Myocardial contrast echocgrdishy or magnetic resonance perfusion
imaging provides more adequate image data to kedbw-perfused myocardial regions.
However, these techniques require special equipraedttrained personnel, which are still

not present in most centers of acute coronary waits.

Our method requires a meaningful cooperation of ghgent while recording images for
phase-matched DSA conversion. Patients with acytecardial infarction are often unable to
hold breath for the time of image acquisition. Dgrthe enroliment period of this study, 11
patients out of 73 (15%) could not be enrolled biseaof lack in cooperation. Since breathing
of patient makes densitometric measurements exlyemificult, in such cases other
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myocardial perfusion assessment methods must bed, usayocardial contrast

echocardiography may be an alternative.

Contrast material quantity somewhat differed betweeage acquisitions (6.84 £ 0.97 ml),
and injection rate also had 11% standard devigiimmpared to mean value) (3.04 + 0.34
mi/s). It was hypothesized that variability in totantrast quantity and injection rate did not
affect the rise slope of the time-density curvesause contrast material completely filled the
coronary arteries at the point of injection, inle@&oage acquisition.

Intracoronary papaverine is known to induce coneplétue steady state hyperaemia [De
Bruyne 2003], but some studies have demonstratgdritracoronary papaverine also induces
an increase in coronary venous lactate in bothneafChristensen 1991] and in patients
[Takeuchi 1996]. This suggests that papaverine nmyribute to the altered regulation of
myocardial perfusion and may produce myocardiahdasmia [Egashira 1993]. Therefore,
intravenous adenosine could be a safer and sidtife agent for routine application of our

investigations.

Both ionic and nonionic radiographic contrast medause vasodilation and associated
increases in coronary blood flow when injected itht® coronary arteries [Gerber 1982]. This
effect is inferior to papaverine [Hodgson 1987]t most likely prevents our method to be

applied for baseline myocardial perfusion assessmen

The size of our patient population was limited e tcapacity of our catheterization
laboratory. Further studies with preliminary samgilee calculation and with the involvement
of other perfusion imaging modalities for companiseould give stronger support to our

conclusions.
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5 Conclusions

Examination of contrast density in the myocardiunthwcoronary angiography provides
important information on myocardial viability, andith this, on the evaluation of true

functional success of primary PCI.

Dynamics of contrast density is more informativarthhe level of maximal contrast density,
therefore, we suggest the use of TMP grade insieMBG grade. Since visual estimation is
subjective, angiographic evaluation by experienaed independent physicians is of primary

importance.

Selective myocardial perfusion measurement witls@lesiasking on coronary angiograms is
feasible and serves as an informative method tectlanyocardial viability after acute

myocardial infarction and revascularization therapy

Vessel masking improves the predictive value ofewiensitometry, compared to simple

densitometric analysis.

Correlation of microcirculation selective videodeosietric GnalTmax With IMR and

videodensitometric CFR with thermodilution-derivéBR has been shown.

Good quality DSA coronary angiography can be aeguin the majority of STEMI patients.
Based on the results of the present study, myasardselective videodensitometric

measurements on coronary angiograms are to bemsadliac catheterization laboratories.
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7/ Summary

7.1 Introduction

Cardiovascular diseases are the main cause ofedduysical activity, early retirement, and
mortality in most of the industrialized countri@e primary representative of this group is
called ischemic heart disease, which means a rddbteod flow capacity of vessels

supplying the myocardium. Traditionally, identifima and treatment of augmented coronary
resistance have focused on obstructive atherositerof the large epicardial arteries.
However, over the past two decades it has beconparapt that augmented vascular
resistance in the coronary microcirculation may ds responsible for myocardial ischemia

in a number of clinical conditions.

Van't Hof et al. introduced the first angiograplgcading method for the assessment of
myocardial perfusion. Myocardial Blush Grade (MB@®@)as described, based on the
observation of maximal contrast density at the ate#sk, compared to healthy areas. Gibson
et al. suggested another grading scale descril@ngpdral characteristics of myocardial
contrast density called TIMI Myocardial Perfusiona@e (TMP). Since no reports have been
found so far, to evaluate the two visual gradingles, MBG and TMP on the same
population, we have compared these scales agatisicardiographic, enzymatic and

electrocardiographic signs of recovery after AMI.

It has been demonstrated that computerized videsitdemetric perfusion assessment methods
can be used for risk stratification in AMI. To selthe limitation of visible vessels
overlapping myocardial areas in projection images,aimed to apply automatic detection
and elimination of coronary arteries from X-ray mggams. The effect of vessel masking on
the sensitivity and specificity of videodensitonyatras evaluated.
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Correlation of myocardium selective videodensitametmeasurements with clinical
parameters of myocardial perfusion was demonstratesivo different populations; in (1)
acute clinical setup in patients with AMI and swsxfal primary PCI, and in (2) elective

patients with known haemodynamic parameters.

7.2 Patients and methods

The present prospective study comprised 62 patigitts AMI and treated by primary PCI.
Informed consent was obtained from each patientthadstudy protocol conformed to the
ethical guidelines of the 1975 Declaration of Hefsi as reflected in a priori approval by the
human research committee of the University of Sdege

Thirteen patients were enrolled in the electivedgiuadmitted for elective coronarography
after a positive stress ECG test showing inducibtéhemia. In all cases, angiography was

negative for the presence of epicardial coronatgraistenosis.

Index of myocardial resistance (IMR) was calculatethe elective population from the ratio
of the mean coronary pressure (distal to sten@gishaximal hyperemia to the inverse of
mean hyperemic transit time. Coronary flow res@ER) was calculated from the ratio of

hyperaemic to baseline mean transit time.

A multi-scale vessel detection algorithm was usedampute vesselness probability maps for
all angiograms. It analyzes the eigenvalues of Hassian matrices of image locations.
Vesselness maps were thresholded at 10% of maxiaha¢ to generate binary vessel mask
images. Time-density curves were recorded in paiggoegions of interest (with and without

vessel masking), selected by a cardiologist expeeié in the analysis of coronary

angiograms. Maximal density over time to reach matidensity (GaxTmax ON these curves

was the end-point of our densitometric measurement.

ST-resolution was defined as a decrease of ST-segmae 90' compared to the first

measurement in the lead with highest ST-segmenagds, expressed as percentage of initial
ST elevation. Blood creatine-kinase (CK) enzymeelewvere measured 6, 12, 24 and 48
hours in the acute patient population after PCesEhfour measurements were summed up to

assess cumulative enzyme release, and this sunsed throughout the results section.
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Echocardiographic measurements were performed 8 aftgr the primary PCI to assess left

ventricular ejection fraction (LVEF) in the STEM&apent population.

All statistical tests were performed with MedCaluftware package (MedCalc Software,
Mariakerke, Belgium). A value of p < 0.05 was calesed to be statistically significant.
Correlation of Gmax/Tmax in elective patients witrameters of perfusion was assessed by
Pearson correlation coefficient. Interobserver afafity was analyzed by Bland-Altman

method, and linear regression.

7.3 Results

Enzymatic infarct size, as expressed by sum of €kase, had a significant negative
correlation (R=-0.687, p<0.001) with TMP, but noittwMBG (R=-0.062, p=0.63) at our
current sample size. A positive, significant caatieln was found between echocardiographic
left ventricular ejection fraction (LVEF) measurddiays after PCI and both MBG (R=0.389,
p=0.002) and TMP (R=0.587, P<0.001). TMP showednsfer correlation. ST-segment
resolution as percent decrease of initial ST elematlso correlated with MBG (R=0.348,
p=0.006), but had a stronger correlation with TMR=Q.574, p<0.001), which is consistent
with the previous findings. In summary, lower psiin grades were always found to be

associated with worse functional parameters ohtaat.

Optimal cut-off values have been determined for Tt G,a/ Tmax With and without vessel
masking to predict sum of CK <5000 U/l and ST-raoh >50% in our study population.
Individual ROC curves were characterized by sersiti specificity at the optimal cut-off
value, and area under the curve (AUC) . max Without vessel masking did not improve
results of ROC analysis compared to visually grad®&P neither in the evaluation with
cumulative enzyme release, nor in the evaluatiah \BiT-resolution. When vessel masking
was applied before 6/ Tmax Measurement, an improvement has been observdohastaall
ROC parameters both with cumulative enzyme rel@as€ increased from 0.76 to 0.84) and
with ST-resolution (AUC increased from 0.72 to .83

Enzymatic infarct size had a significant negativarelation (R=-0.445, p<0.001) with

GmadTmax Additionally, a positive significant (R=0.364, p£04) correlation was found
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between GadTmax and ST-segment resolution. A milder, but stillngiigant relationship was
found between 3/ Tmax and echocardiographic LVEF (R=0.278, p=0.029).

Plotting GnafTmax Values on Bland & Altman plot and scatter diagraitiwo independent
observers reveals a reliable interobserver agreewieour method. In the range of low
Gmad Tmax Values (1 - 2.2), Bland & Altman diagram shows sasignificant scatter between
repeated measurements by different operators. Lioeaelation between measurements of
different operators is also strong (R=0.98).

Increase in GalTmax could be observed in all patients as an effectdetrease of
microcirculatory resistance after intracoronary agine injection. Significant correlation
was found between hyperaemic videodensitometrig,/Gnax and IMR, and between
densitometric CFR and thermodilution-derived CFR.

7.4 Conclusions

We have confirmed that examination of contrast igns the myocardium with coronary
angiography provides important information on mydga viability, and with this, on the

evaluation of true functional success of primary.PC

Dynamics of contrast density is more informativarthhe level of maximal contrast density,
therefore, we suggest the use of TMP grade instdablBG grade, when computerized

videodensitometric measurement is not accessible.

Selective myocardial perfusion measurement witls@esiasking on coronary angiograms is
feasible and vessel masking improves the predictalee of videodensitometry, compared to

simple densitometric analysis.

Correlation of myocardium selective videodensitameBa/ Tmax With Index of Myocardial

Resistance and videodensitometric CFR with thertntbdin-derived CFR has been shown.
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8 Magyar nyelv (i dsszefoglalo

8.1 Bevezetés

A Kkardiovaszkularis betegségek a csokkent munkalsfme rokkantsdg és mortalitds
elssszamu okai a legtdobb fejlett orszagban. Ennek &gségcsoportnak a legfontosabb
képvisebje az iszkémids szivbetegség (IHD), azaz a sziviz@mellatas kapacitasanak
karosodasaval jar6 koszoruéfikilet. Az IHD ezért az egészségkarosodasok ledjiedebb

forméja, amely az iparosodott vilagot érinti, mimbrbiditdsi, mind mortalitdsi adatokban,

valamint szocialis, orvosi és gazdasagi szempontbol

A szivizom szovet optimélis perfuziéja elengedhetemhhoz, hogy a
pumpafunkcidhozszikséges oxigén és tapanyagok églékst fedezze. Az epikardialis
artériak stkiletédl adodd patoldégids éaramlési ellendllas novekedémekitheti a
aramlasszabélyozé mechanizmusokat, aminek kovétheata vérellatas elégtelenné valik, és
kialakul a szivizom iszkémia. Ebben az allapotban oxigén igény novekedését csak
korlatozottan tudja kovetni a veérataramlas novekedéHagyomanyosan a nagyobb
epikardialis artériak atheroszklerotikusiikidletét tartottak a legfontosabb tén§eek a
koszorterek ellendllasaban, és azok kezelésében. ubbi évtizedekben azonban
nyilvanvaléva valt, hogy a koszoruér mikrokering@sos ellendllasa is okozhat szivizom

iszkémiat egyes klinikai allapotokban [Camici 2007]

Az IHD diagnézisanak felallitdsaban azdéefentos 1épés a részletes kortorténet, a tinetek
alapos ismerete. Standard és terheléses EKG vasgavdbbi hasznos informaciéval
szolgalhat. Az IHD kozvetlen diagnosztikai médszazenban a koszoruér angiografia, mely
vizsgalat soran a teljes koszoruér héalozatot t#tokontrasztanyaggal, €s rontgen

segitségével lathatova teszik.

A terapias szivkatéterezések egyik forméja a pérklboszoruér intervencio (PCI), amely
alkalmas az epikardidlis koszoruér artéridk sziikialek megszuntetésére. A PCIl egyik

legfontosabb, és legdinamikusabbanéiéjl alkalmazasi tertlete az akut szivizominfarktus
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(AMI) megszintetése, az elzarodott artéria mege§ital. Ez a modszer csokkenti az AMI,
egyébként igen jeleéis mortalitdsat. A PCI lényege, hogy egy vékonyldmalédi katétert
vezetnek egy periférias artéridbdl a sziv artéoAirA miokardialis perfizio mérése azonban
nagyon fontos informaciot szolgaltat az AMI és REdn is, a komplikacidk rizikdjanak

felmérése szempontjabol.

Miutan a koszortuér mikrokeringés fontossaga a Iségg hosszutava kimenetele
szempontjabdl bizonyitast nyert, a kulonbdxantitativ perfazié mérési modszereket alapos
kutatasnak vetették alad. Sajnos a legtobb modsaeartya, hogy nem lehet rutinként, széles
korben alkalmazni a szivkatéteres laboratéiumokb@l kozben. A mikrokeringés
rezisztencia index (IMR) a koszoruér kapillarisikgését jellemzi, az epikardialis artériaktol
flggetlenll. Szamitasa aigzilettdl disztalisan e$ koszorlér nyomasbdl és a hiperémias

mean transit time-bol torténik.

Sokaig hianyzott egy olyan egystégerklinikai modszer, amely a szivizom reperfuzio
hatdsossdgat megfaleh leirna. Ezért vezették be van't Hof és mtsaeks# angiogréafias
vizualis becsl skalat [van't Hof 1998]. A neve Myocardial Blushra@e (MBG),
meghatarozasanak lényege pedig, hogy az infarkialsvészélyeztetett terlileten a maximalis
kontraszt denzitast hasonlitja az egészséges tisklikz. Uj moédszerként a reperfizio soran a
szivizomkarosodas elektromos, enzimatikus és wtrgbs jeleivel hasonlitottak dssze. Két
évvel késbb Gibson és mtsai egy méas definicibkon alapul@aliz becsd skalat ajanlottak,
amely a kontraszt denzitasilukli lefolyasara helyezi a hangsulyt [Gibson 20@)nek neve
TIMI Myocardial Perfusion Grade (TMP). A TMP a refigzi0 eredményességét a
kontrasztanyag kimosédasanak dinamikajaval jellendiutdn mindkét becsl skalardl
(MBG és TMP) kimutattdk, hogy korrelaciét mutat zivieom AMI utani funkcionalis
felépllésével, széleskdrben alkalmazzak mindkettyan Klinikai tanulmanyokban, melyek

0j intervencios eszkdzok, vagy egyéb terapias ner@gzhatékonysagat vizsgaljak.

A videodenzitometrias perflzié mérés kutatasa nzégptr elkezabdott, hogy az elsvizualis
becsb skalat leirtak volna [Rutishauser 1967]. Ezen tasak legbbb célja, hogy
kifejlesszenek egy olyan operator figgetlen, kuatiti algoritmust, amely a
szivizomperfuziot minél pontosabban meéri koszordétgen angiogramokon, hiszen jelenleg
ez az egyetlen képalkot6 modalitas, ami eléringinden szivkatéteresinbben. A kutatasok

igazoltdk, hogy szivizomperfazié hatékonyan beacstilla koszoruér angiogramokon. A
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szamitogeépes kvantitativ mdédszerek a kontrasztadgagitdsanak ibeli lefutasabol becslik
a szivizom szoveten ataramlé perfaziot [Korosogk@07]. Tobb vizsgalat is azzal a
konkluziéval zarult, hogy a szamitbégépes videodenzetrias perfazid mérés az AMI utani

riziko részletesebb osztalyozasara ad ledesget.

Az eddig kifejlesztett automatikus modszerekneklatios korlatja, hogy a denzitometrias
méreést olyan tertletekre kell szoritani, ahol nifedésben nagyobb epikardialis artériaval,
hiszen azok denzitasa olyan magas, hogy &d@hzitas gorbét mar minimalis jelenlét esetén
is jelentsen torzitjak. Mivel az epikardidlis artériak a ggydatban csak sik réseket hagynak
a meérésekhez, ezek a kis mérariletek csak lokalis méréseket tesznek talgtamelyek

nem minden esetben tikrozik a teljes szivizom vabdpotét.

8.1.1 Celkit Gzések

1 Mivel nem talaltunk olyan tanulmanyt, amely a kiinalis becsl skalat (MBG és TMP)
0sszehasonlitotta volna ugyanazon a populaciém, tamnulmanyunkba bevont betegeken
O0sszehasonlitottuk ezeknek a skalaknak a korrgddciaz AMI utani felépilés

elektromos, enzimatikus és ultrahangos jeleivel.

2 A videodenzitometrids mérést korlatoz6 epikardialiteria arnyékok probléméjat azzal
probaltuk megoldani, hogy a mérésstelaz artériakat automatikusan detektalé és
kimaszkol6 algoritmust alkalmaztunk az angiogréfié@ntgen videdfelvételeken.
Megvizsgalatuk, hogy az érmaszkolas milyen hatasmala modszer szenzitivithsara és

specificitdsara, az AMI utani felépulé$medjelzésében.

3 A szivizom specifikus videodenzitometrihAs mérés rédaciojat egyéb klinikali
paraméterekkel kumutattuk két killonbdzetegpopulacion: (1) akut szivizominfarktus és
sikeres PCI utan, valamint (2) elektiv koszoruétebgségben, ismert hemodinamikai

paraméterekkel.
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8.2 Betegek és modszerek

8.2.1 Betegek

Prospektiv vizsgalatunkba 62 beteget vontunk be AMprimer PCI utan. T4jékoztatis utan

a betegek irasban beleegyeztek a vizsgalatban némpvételbe, a vizsgalat protokolja

megfelel az 1975-0s Helsinki deklaracio etikai ydineinek, valamint a vizsgalatot a Szegedi

Tudomanyegyetem regionalis etikai bizottsaga engedte.

Az akut betegek bevalasztasi kritériumai az aldbhatak:

4.

Az akut tiinetek kezdet#ta kezelésig eltelt ilkevesebb mint 8 éra.
0.1 mV-nél nagyobb ST-elevéacié legalabb harom EK@z=tésben.

Angiogramon lathato teljes koszoruér elzarédas (Tévamlas = 0), legaldbb 2 mm

atmebjia, nagy ellatasi terulétartérian.

PCI soran sikeresen megnyitott koszoruér (TIMI déanx 3).

A vizsgalatbol valo kizarasi kritériumok a kdvetk&zsoltak:

Pitvarfibrillaci6, amely a DSA szamitdsa soran née artefaktumokat okoz a

kulonbo® hosszusagu szivciklusok miatt.

Bradycardia (szivritmus 35/min alatt). A hosszUvsiklusok tulsdgosan hosszu
légzésszinetet kdvetelnének a betlegt

Y re

illetve mozdulatlansagra a réntgen felvétel soran.

120 kg-nal nagyobb testsuly. Kordbbi kisérleteigkrmt ha a rontgensugar Gtjaba
vastag szovet all, akkor a DSA denzitas jeléneklimddja csokken.

Korabbi graft implantatum az érintett koszoruérhez.

Angiografian lathat6 kollateralis keringés az éthellatasi terileten.
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Az elektiv betegcsoportba tizenharom beteget vdnthe, akik koszorUér angiografiara
érkeztek pozitiv terheléses EKG vizsgélatot kéeet iszkémids tinetekkel. A bevont
betegekben az angiografia eredménye negativ atifttaz epikardidlis koszoriereken nem

volt lathato sikilet.

8.2.2 Az angiogréfia kivitelezése

Az angiografias felvételeknél figyelembe vettik ghcaazokbdl utdlag kardio-DSA képeket
lehessen generalni. A projekcié szogét ugy valdsiomeg, hogy az infarktusban nem
érintett szivizomteriletek atfedése minimalis legyeralamint a rekeszizom képe ne
keresztezze a mérahdertliletet, hiszen az altalaban légzésvisszatantgitett is mozgasi

artefaktumokat okoz a DSA képeken. A balbelsszall6 koszoruér agat és a bal korbefutd

agat lateralis iranybdl, a jobb koszorueret pedig@poszterior iranybdl filmeztik.

8.2.3 A kapillaris rezisztencia szamitadsa

Az elektiv betegcsoportban intrakoronarias nyonsdgmérséklet érzékével ellatott vezet

katétert alkalmaztunk (Certus pressure wire, Raddiwhl Systems, Uppsala, Svédorszag),
ezek segitségével rogzitettik a termodilaciés ésakaronarias nyomasgorbéket. A
maximalis hiperémiat 20 mg intrakoronarias papavéeadasaval értik el. A mean transit
time (Tmn) értékeket a nyugalmi és a maximalis tépeés termodiltcidés gorbéken mértik.
A koszorUér nyomast a katéter végéndleszenzorral folyamatosan kovettik nyugalmi és

hiperémiéas allapotban is (14. abra).

Az IMR értékeket a koszoruerek kozépnyomasanakzéstlagos hiperémias Tmn értékek
szorzataként kaptuk meg. A CFR értékeket a hipg®més nyugalmi Tmn értékek
hanyadosaként kaptuk.

8.2.4 A szivizomperfuzio vizsgélata

Az MBG és TMP értékeket véletlen sorrendben kégi@gramok vizsgalataban tapasztalt
kardiologus hatarozta meg, akik a betegekem lattak egyéb adatot. Kulonkgozélemeény
esetén a végs érteket k6zos megegyezéssel hoztdk meg. A 0 éstékhéz tartozd

csoportokat mind az MBG, mind a TMP esetében O0ss#ak a statisztikai analizisben,
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mivel az MBG 0 és a TMP 1 atféddefiniciokat tartalmaz. Ezt a gyakorlatot kovették
kordbban mas munkacsoportok is.

8.2.5 Er maszkolas

Bar a koszoruerek rontgenképét a kontrasztanyagnelie egyszel intenzitds alapu
kiiszobdléssel mégsem vélaszthatok el medfglehtossdggal mas képi struktlrdktol. Ezért
az érszegmentald algoritmusok kiisz6bolést elalamilyen specidlis §z6t alkalmaznak,
melyek azokon a helyeken adnak nagyobb jelet, aflamilyen kritérium szerint nagyobb

valbsziriséggel talalhato ér.

Angiogramjainkon egy méretflig érdetektald algoritmust alkalmaztunk, amely ér
valbsziriségi képeket general a felvételékb[Frangi 1998]. A valbsziiiségeket a
képpontokhoz tartoz6 Hesse matrixok sajatértékapjah szamitja. Az ér valoshseg
ertékekhez egyetlen véltoztathatd paraméterkéntpitus méretet kell megadnunk, az
eredmeényt ezutdn a kép, mint flggvény, azon irdamyakapjuk meg, amelybe annak
gorbilete a legnagyobb. Alkalmazasunkban a tiprkésetek 2.0 és 10.0 mm kdz6tt voltak, a
kulonbo®d méretekhez tartozd ér valésaségek maximumaként kaptuk az ér valoézayi

képet. Ezt 10% kiszobértéknél elvalasztva bindarmeaszkot kaptunk.

8.2.6 Videodenzitometrias mérés

Az idé-denzitds gorbéket (TDC) poligon alaku régiokba®(Rmértik, amely régidkat a
koszoruér angiogramok vizsgalataban gyakorlottikésdus jel6lt ki. A mérések kardio-DSA

képeken torténtek, édben rogzitett képalkotasi paraméterek mellett.

A szivizomperflziéo szamitogépes mérése a TDC gérpdérténik, melyeket az infarktust
okoz6 artéria vérellatasi terlletén regisztraludk.poligon alaki ROI-k minden beteg
esetében lefedték az infarktus rizikéteruletét. ®HR meghatarozasdhoz, és a TDC-k
roégzitéséhez az Imagelittp://rsb.info.nih.gov/i)), nyilt forraskodu szoftvert hasznaltuk. A
binaris maszkokon definialt érpontokat kizartuk @lIFk &tlag denzitdsdnak szamitasakor. A
0.6 Hz folotti frekvenciatartomanyt eltavolitottik TDC jelekél, mivel ezek a ciklikus
szivmozgas altal generalt artefaktumoknak tekigthe®A TDC-n két értéket hataroztunk
meg: a Gaxa gorbe maximalis amplitidéja, mig aataz alapvonaltdl a maximalis denzitas

eléréséig eltelt idk jeloli. A perfaziot a G/ Tmaxhanyadossal jellemeztik, korabbi kutatasok
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eredményeire alapozva. Ennek a szoftveres moddeesme egyetlen, felhasznalo Aaltal
modosithatd paramétere a poligonalis ROl alakj&rteez az inter- és intraobszerver
variabilitds egyetlen lehetséges forrasa, amit ggakorlott kardiolégus segitségével
ertékeltiink ki. Az elektiv betegeken végzett vidatiian a denzitometrias CFR-t a hiperémias

€s a nyugalmi @ Tmaxhadnyadosakeént definialtuk.

8.2.7 Areperfazio klinikai jelei

A PCI kezdetekor és 90 perccel annak befejezésestaidard tizenkét elvezetéses EKG jelet
regisztraltunk az akut betegeken. Az ST-rezolucdt90 perces mérésben tapasztalt
csokkenésként definialtuk az &élméréshez képest, abban az elvezetésben, amelyl®eh-a

elevacio a legnagyobb volt, annak szazalékabagekife.

A vér kreatin-kindz (CK) enzim szintjét az AMI éPutani 6, 12, 24 és 48-ik éraban
meértuk. A négy mérés 6sszegét hasznaltuk az irdakdgysaganak enzimatikus meértékekent,

és ezek az 0sszegek szerepelnek az eredményeitiiejez

A szivultrahangos vizsgalatokat a PCIl beavatkozasi tlnarmadik napon végeztik el, hogy

meghatarozzuk a bal kamrai ejekcids frakciot (LVBE)kut betegcsoportban.

8.2.8 Statisztikai moédszerek

Statisztikai analiziseinket MedCalc szoftverrel @&tk (MedCalc, Mariakerke, Belgium). A
statisztikai eredményeket p < 0.05 érték melletintettik szignifikansnak. A ROC
analizishez az AMI betegpopulaciot két részre dt#oa szivizom reperfluzié Klinikai
jellemzi alapjan. Az ST-rezolucio < 50%, illetve a CK fedadulas < 5000 U/l hatarértékek
osztottak szét a populaciét két, kozel eg§entszre. A ROC gorbe analizist 95%-0s

konfidencia intervallummal végeztik.

korrelacios koefficienssel jellemeztik az elektétdgcsoportban.

Az interobszerver variabilitast Bland-Altman médsegés linearis regresszioval vizsgaltuk.
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8.3 Eredmények

8.3.1 A beavatkozasok eredményessége

Az AMI csoportban |é6 0sszes beteg sikeres rekanalizacion esett atjraete€ér sikilete
minden esetben 50% ala csokkent a tlnetek jelefdleezitdn 8 oOran belll. Az AMI
csoportban 11 sulyos allapoti beteget az dsszd®I7@t5%-0t) a szivkatéterezés kbzben
kellett kizarnunk a vizsgalatbol kooperaciéra valépesség hianya miatt, amely az
Ujraélesztés vagy a kabito fajdalomcsillapitok kkeeteében alakult ki. Az elektiv csoportbadl

nem kellett beteget kizarnunk, sem technikai pnolalésem kooperacio hianya miatt.

8.3.2 Vizualis becslés az akut csoportban

A CK enzimfelszabadulassal jellemzett infarktus ebéiszignifikans negativ @kl

korrelaciot mutatott a TMP értékkel (R=-0.687, FB{), az MBG-vel viszont vizsgalt
populacibnkban nem tudtuk igazolni az 0OsszefiggfRt-0.062, P=0.63). Pozitiv,
szignifikans korrelaciot taldltunk az ultrahangoal tkamrai ejekcios frakcid és mindkét
vizualis skala értékei kozott (MBG-vel R=0.389, F34R, TMP-vel R=0.587, P<0.001),
harom nappal a PCI beavatkozas utan. Az ST-reabligckorrelaciét mutatott az MBG-vel
(R=0.348, P=0.006), de még szorosabb korrelacidiviP-vel (R=0.574, P<0.001), ami
osszhangban van azkbi eredményekkel. Osszefoglalva elmondhatjuk, haxgsilacsonyabb
vizualis perfuzié becsl értékek minden egyéb klinikai paraméter tantusagairg rosszabb

szivizomfunkciét jeleznek.

8.3.3 A képi ér-maszkolas hatasa az automatikus mér  ésekre

ROC gorbék segitségével meghataroztuk a TMP ég.dTGax Optimalis hatarértékét a CK
<5000 U/l és az ST-rezoluci6 >50% paraméterértéledcakterizalasara az akut
betegpopulaciénkban. Az egyes ROC gorbékhez fetiirk az optimalis hatarértékhez
tartozé szenzitivitas (Se), specificitas (Sp) éxtét, valamint a gorbe alatti teriiletet (AUC).
A GnadTmax €rmaszkolas nélkul nem javitott a ROC paraméterekesizudlis becsléshez
(TMP) képest, sem a CK felszabadulas, sem az SJlaep ebrejelzésének tekintetében.
Amikor viszont érmaszkolast alkalmaztunk a képelke@padTmaxmérés eredmeényei mindkét
klinikai paraméterrel és egy kivételével minden R@P&améterrel karakterisztikusabbnak
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mutatkozott a vizualis TMP becslésnél. CK felszallasl esetében az AUC 0.76-r6l 0.84-re
noétt, mig ST-rezollci esetében az AUC 0.3R2€.83-ra 1btt.

8.3.4 Osszefiiggés klinikai paraméterekkel az akut p  opuléciéban

A CK felszabadulassal jellemzett infarktus méregsifikans, negativ korrelaciot mutatott a
GmadTmax €rtékekkel (R=-0.445, P<0.001). Ezzel 6sszhangbakdzavetlen PCI utani
STelevacio szazalékaban kifejezett ST-rezollcigrsikans, pozitiv korrelaciét mutatott a
GmadTmax méréssel (R=0.364, P=0.004). Lazabb, de szinté@mniéikians a korrelaciéo a PCI
bevatkozas utani harmadik napon mért ultrahangoER.¥s a @ad/Tmax k6z6tt (R=0.278,
P=0.029).

8.3.5 Vizsgalok kozotti elterés

Ha a Gua/Tmax €rtékeket Bland & Altman diagramon abrazoljuk, nsérénddszerink
megbizhatdéan kozeli értékeket ad kulonbdzsgalok esetében is. Az igen alacsony (1 — 2.2)
tartomanyban figyelhét csak meg néhany jeldéisebb eltérés egyes betegek esetén a
kilonb6s vizsgalé személyek kdzott. A lineéris korrelacidket vizsgalé eredményei kozt

szintén szoros (R=0.98).

8.3.6 Osszefliggés hemodinamikai paraméterekkel elek  tiv betegekben

Az intrakorondrids papaverin injekcio hatasara,a/{Bmax €rték emelkedését figyeltik meg
az 0sszes betegben, a mikrokeringés ellenallasésistkenése kovetkeztében. Szignifikdns
korrelaciot talaltunk a hiperémias videodenzitomdstGnad Tmax€S az IMR k6zo6tt, valamint a

denzitometrids CFR és a termodilticiés CFR kdzoOtt.

8.4 Diszkusszio

8.4.1 Vizualis becsl 6 skalak

A vizudlis becs) skéalakkal végzett 6sszehasonlitasaink eredmérmgy; A TMP szorosabb
korrelaciot mutat az enzimfelszabadulassal jelldmindarktusmérettel, az LVEF-fel és az

ST-rezoltcioval mint az MBG, bar mindkét skala hd8o tendenciat mutat a
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szivizomkarosodas klinikai paramétereinek figgvéeye Eredményeink arra utalnak, hogy
mikrokeringésBl valé kontrasztanyag kitrtlés dinamikaja (mely&iMP osztalyoz), tehat a
kontraszt denzitas dtheli valtozdsa pontosabb informéciét szolgaltat aivisom

életképesseégél mint az denzitds maximalis értéke (melyet az M&atalyoz).

Kisérletes modellekben a kontrasztanyadgbali valtozasa hatékonyabb indikatornak
bizonyult a szdveti perfazid becslésében, mint mttaszt denzitas nagysaga. Pijls és mtsai. az
epikardialis véraramlast mérték Doppler aramlagwelr és vetették 6ssze az angiogramokon
lathatdé denzitometrids paraméterekkel [Pijls 19984t talaltdk, hogy a leginformativabb
paraméter az tiddenzitds gorbe mean transit time-ja. Haude ésinkisghbb alatamasztottak
ezt a kdvetkeztetést olyan szinezett mikrogyonggbtkkelyekkel a szivizmon ataramlott vér
mennyisége kozvetlenll mériefHaude 2000]. Ezek a tanulmanyok azt is leirja&gyh
maximalis denzitashoz sziksége$ s&intén szorosan 0sszefligg a szoveti perfuziavig,a
kontrasztanyag maximéalis denzitdsa csak lazabbarel&tt a valodi perfaziéval. Ezek a
kisérletek arra utalnak, hogy még igen szabalyozitiilmények kozoétt is informativabb a
kontraszt denzitas &theli valtozasa, mint a maximlalis denzitas. Vizatgihk eredményei
0sszhangban vannak a korabbi kisérletes eredméslyekiszen azt ésitik meg, hogy

kontrasztanyag kitrulésének ideje klinikailag hasabb paraméter a denzitdéssegénél.

Megfigyeléseink fontossagat fokozza, hogy klinikérilmények kdzott a koszoruérbe jutd
kontrasztanyag mennyisége a szabalytalan backfloatt rkevéssé kontrollalhaté, ami a

maximalis kontraszt denzitast befolyasolhatja afiggglt szivizomtertletben.

Kovetkeztetéseinkkel ellentétben az MBG-t gyakrabbasznéljak az irodalomban, mint a
TMP-t, Uj intervencios eszktzok és kezelési stiatégyizsgalataban [Silva-Orrego 2006]
[Young 2007] [Cura 2007]. Ennek magyarazata lezet8G torténelmi jeleritsége, hiszen
ez volt az el§ modszer a perfuzié becslésére angiogramokon. A-ThHak két évvel kébb
publikaltak. Mivel az irodalombdl hidnyoznak a léf skalat 6sszehasonlitdé tanulmanyok, a
TMP eibsebb ebrejelzd képessége nem nyilvanvalé. Vizsgalatunkbdl arneetc@ztetiink,
hogy az MBG helyett a klinikai gyakorlatban érdest#sa TMP-t hasznalni.

8.4.2 Automatikus mérés akut betegekben

Eredményeink azt mutatjdk, hogy az ér-maszkolasitjgava videodenzitometrias

szivizomperflzid mérés szenzitivitasat, a kumulatizimfelszabadulds és az ST-rezolucié
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elérejelzésében AMI és primer PCI utan. A korai STetéeié pedig a szivizomperfazio
helyredllasanak, a szivizomkarosodas enyhe lefahals igy a kedvébb progndzisnak jele
AMI és PCI utan [de Lemos 2001] [Dong 2002].

Miutan az irodalomban beigazolodni latszott, hogyeafluzio mérés tdbblet informaciot
szolgaltat az AMI utani rizikd becslésében, a figye az epikardialis erek morfologiajarol és
aramlasi jelleméirél a koszoruér mikroereiben mértieperfaziéra tergldott [Costantini
2004] [Prasad 2005]. A publikalt tanulméanyok dbtbbbsége azonban ma is a klasszikus,

szemikvantitativ vizualis bed@skkaladkat hasznalja.

A napi gyakorlatban a koszoruér angiografia a leggybban hasznalt modalitas a reperfuzios
terpia hatékonysaganak elbleresére. Ezért ezeken a felvételeken abban azeesstfontos

a mikrokeringés vizsgalata, ha az elzarédott éamakzacibja sikeres volt. Az altalunk leirt
modszer kozvetlen informaciot szolgaltat a konttasyag ataramlasarél azokban a
szivizomteruletekben, melyekben az erek épsége kizakérete, és a képi felbontas korlatja

miatt nem lathato.

Tudomésunk szerint a fent leirt moédszeleént kombinalja az ér-maszkoléast a perfuzio
meérésével a koszoruerek rontgen angiogramjaineketivé tette szamunkra, hogy nagyobb
képi régiokban, akar a teljes veszélyeztetett zamtertletben mérjunk anélkil, hogy az
artéridk arnyéka megzavarta volna szivizom denjdés. Korabbi prébalkozasaink tantisaga
szerint ha képlettel leirhaté gorbét illesztink arési pontjainkra, azok paramétereit

jelentbsen befolyasolja a mérés kezdetének és végének idej

Akut szivizominfarktus esetében a kontrasztanyakokiddasi fazisa gyakran hianyzik a
felvételektl, a mozgasi artefaktumok pedig perodikus zajt blabaak a mérési gérbéken. A
Gmax Tmax€rétk méréséhez a gorbén zéjés utan csak két pontot kell meghataroznunk, ezért
a mobdszer egyszeres robosztus, és az AMI esetek tobbségében lazhieb. A PCI utan
kozvetlenil meghatarozott szivizomperfuzié értekeformaciot jelenthet az AMI uténi
prognozis felallitasaban. igy a PCI utani kezekésedabilitacio jobban személyre szabhat6 az

egyeni rizikd alapjan.

Modszerunk alkalmazhatova vélhat tovabba mindenarolypopulacioban, melyben a
mikrokeringés kvantitativ mérése fontos a koszorvigsgalata vagy kezelése soran. A

szoveti szini keringés karosodasa fontos szerepet jatszik amiknovaszkularis anginaban
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is, melynek jellemdje az anginds mellkasi fajdalom mellett lathatégn epikardialis
koszortér rendszer. Ezen betegek diagnosztizaldsédba hasznos lehet a lathatd
mérettartomanynal kisebb erek objektiv vizsgalérméds

8.4.3 Mérések elektiv betegekben

Mivel a szivizom specifikus videodenzitometrias égtij médszer, tovabbi leldsEgek utan
kutattunk, melyekkel igazolhatjuk alkalmazhat6ségarzivizomperflizié mérésére. Két olyan
hemodinamikai paraméterrel hasonlitottuk 0ssze, yeket néhany elektiv betegben
lehetiségunk volt elvégezni. Tudomasunk szerintlaat irtuk le a GafTmax€s az IMR,

valamint a videodenzitometrias és thermodilUciéR&BzoOtti korrelaciot.

Amikor a koszoruerek teljes dilatacioban vannakkamillarisok okozzak a legnagyobb
ellenallast a hiperémias véraramlasban, ezért &kesd CFR érték a kapillarisok
karosodéasara, elzarodaséara utal [Jayaweera 199%pphlarisok slriségéenek csokkenése
szamos betegségben megfigyethet példaul szivinfarktus utan [Saraste 2007],
magasvérnyomasban [Kamezaki 2007] és cukorbetegad@orgquist 2007]. A parhuzamos
kapillarisok szamanak csokkenése nagyobb ellendllisa szivizmon ataramlé angiografias
kontrasztanyaggal szembe. Ez okozhatja a hiperéntésdenzitas gorbe felszallo

meredekségében {@/Tmax) megfigyelt csokkenést.

Mdédszeriink diagnosztikus értékét azonban tovabbélesebb kdr vizsgalatokkal kell
felmérni az emlitett betegpopulaciéban. Amennyilgeriiiggetlen vizsgalatok eredményei
alatdmasztjak pontossagat és megbizhatdésagattoglgibletinformaciot szolgalatatd rutin

modszerré valhat a szivkatéterezésekben.

8.4.4 Hasonlo modszerek az irodalomban

Az elmult évtizedekben néhany mas kutatdcsoporvizsgalt az itt leirtakhoz hasonld
videodenzitometrias modszereket. Ebben a fejezethén kiemelked kozleménnyel

foglalkozunk, és hasonlitjuk 6ssze az azokban hedtszereket jelen modszerinkkel. Mivel
ezek a modszerek nagyon hasonl6 paramétereketaliasy érdemes megjegyezni, hogy

eredményeik alatamasztjadk egymas konklazioit.
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Korosoglou és mtsai. hasznaltdk a miénkhez lagh@isbnperfizio bec$l modszert, de
érmaszkolas nélkil, kisebb ROI-kban mérve a diszid@szorierek kdzelében [Korosoglou
2007]. Megmutattak, hogy a szamitégépes videodemzitria tobblet-informaciot szolgéltat a
szivizom AMI utani funkcionalis felépllésének progisahoz a vizualis beéskkaldkhoz
képest. Az altaluk mért fa/Tmax Szorosan korrelalt a szivizom kontraszt-echokarrdiiés
értékeivel és az MRI vizsgélattal meghatarozottf(médval. Ezenkivil az AMI utani
hosszutavu ejekcios frakcidt is nagy pontossagisdlia meg. Ezek az eredmények is azt

bizonyitjdk, hogy a mérési modszerink hasznos$re@lzsje a sziv hosszutavu

“ sz

Korosoglou moédszeréhez képest két Ujitast vezethimkl) A teljes angiografids felvételt
felhasznaljuk a méréseinkhez, nem csak a diasztélglsockakat, ezzel olyan felvételeken is
alkalmazhatova tettik a médszert, amelyekkel spimkalt EKG regisztracié nem késziilt; 2)
Bevezettik az ér-maszkolast, ezért méréseinketljes teeszélyeztetett szivizomterileten

tudtuk elvégezni, a nagy epikaridalis erek hatésaugomatikus kizarasaval.

Vogelzang és mtsai. olyan modszert vezettek be,lyammeintén tartalmaz Ujitasokat
Korosoglou modszeréhez képest [Vogelzang 2009]. Bém ér-specifikus maszkolast
hasznaltak, amint azt korabban munkacsoportunk ikalta, igy is eljutottak arra a
konklaziéra, hogy a maszkoléds javitia a videodema#trias mérések hasznélhatésagat a

szivizomban.

Ezek a tanulmanyok is hozzajarulnak a szivizom odeezitometrias vizsgalatanak
elterjedéséhez a Kklinikai gyakorlatban. A ¢ben egy jol definialt modszert érdemes
hasznalni, amely a kilédbd laboratériumokban végzett vizsgalatokat teljesen

o0sszehasonlithatéva tenné.

8.4.5 Korlatok

A CK enzim-felszabadulas, a bal kamrai EF és azegdiicié mind a szivizom reperflzio
indirekt indikatorai. Egy 0] videodenzitometrias dsaer validacioja értékesebb lenne olyan
képi modalitasokkal, melyek a regionalis szivizonfijme6t kozvetlenil képesek kimutatni. A
kontraszt-echokardiogréafias, MRI vagy PET vizsgitaheggyzébb bizonyitékai lehetnének
0j médszerunknek. Ugyanakkor a videodenzitomeszgizomperfluzio mérés alapmodszerét

kordbbi alapos allatkisérletek és klinikai vizsgdkais elfogadotta tették.
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A valddi objektumok 2-dimenziés képekre vetitésendig informéacidvesztéssel jar, és ez
minden olyan szamitdégépes kéfeldolgoz6 maddszerimakétiot jelent, amely koszoruér
angiografidkat hasznal mérései alapjaul. A kotrashbkardiografia és az MRI vizsgalatok
ebben is dinyt élveznek 3-dimenzids rekonstrukcios képesseégjiikkiszen a rosszul
perfundalt tertletek pontosabb lokalizacidjara kiesak. Ugyanakkor ezek a mddszerek
mind jelends tobblet idt és koltséget jelentenek, amelyre a legtdbb bé&agentézményben

nincs lehetség.

Maodszerunk jelerdts kooperaciét kivan a betegékthiszen a kardio-DSA felvételek ideje
alatt a beteg nem lélegezhet. Akut szivizominfaskan €% betegek kozott éfordul, hogy
ilyen kooperéciora nem képesek. Vizsgélatunk s@@mesetbl 11-ben (15%) kellett emiatt

felfliggesztenlink a videodenzitometrias vizsgalatot.

Az injektalt kontrasztanyag mennyisége nem mindesgéalatban volt azonos (6.84 + 0.97
ml), valamint az injekcié aramlasaban is 11%-os\¢dad deviacio volt az atlaghoz képest
(3.04 £ 0.34 ml/s). Azt feltételeztilk, hogy a tslj&kontrasztanyag mennyiség nem
befolyasolta a kezdeti felszall6 szarban vizsgd@tadekséget, mert a kontrasztanyag minden

felvételen teljesen telitette az eret, ahol a katésatlakozott hozza.

A rontgen kontrasztanyagok vazodilataciot okoznagzért novelik az aramlast a
koszoruerekben. Ez a hatas ugyan sokkal kiseblpavpan hatasanal, mégis valositéy

megbizhatatlanna teszik a nyugalmi szivizomperfoecslését.

8.4.6 Kovetkeztetések

1 Vizsgalataink alatamasztjak, hogy a koszoruér aygita soran eészlelhgt
kontrasztanyag denzitds értékes informéaciét hordogzivizom életképességkrigy
felnasznalhat6é a PCI funkciondlis sikerének felraéré.

2 A kontrasztanyag denzitasdioeli lefutdsanak vizsgalata fontosabb a maximaiszdas
ertéknél, ezeért javasoljuk a TMP skala hasznalatMBG-vel szemben, amikor

szamitdégépes videodenzitometrids mérés nem alehezsuEsre.

3 A koszoruér angiogramokon végzett szivizom speatfigerflizié becslés érmaszkolassal
noveli a modszer étejelzd képességét az ér-maszkolas nélkil végzett

videodenzitometriahoz képest.
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termodiltciés IMR és CFR értékekkel.
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