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1. INTRODUCTION
1.1. Aortic valve stenosis
1.1.1 Definition and epidemiology

Aortic stenosis (AS), characterized by obstruction of the left ventricular outflow tract is the
most common valvular disease and the third most prevalent form of cardiovascular disease in
the western world after hypertension and coronary artery disease. Present in 2% to 7% of
patients older than 65 years, it is largely a disease of the elderly with prevalence increasing
with age (1-2). The obstruction to the left ventricular outflow tract is localized most
commonly at the aortic valve, a tricuspid semilunar valve regulating one-way blood flow
between the left ventricle and the aorta. Obstruction less frequently may also occur above the
valve (supravalvular stenosis) or below the valve (subvalvular stenosis), or maybe caused by
hypertrophic cardiomyopathy, however these forms are not included in the scope of the

current dissertation.

1.1.2 Pathophysiology and clinical presentation

Aortic valve stenosis (AVS) has three principal causes: rheumatic disease, congenital bicuspid
valve and most commonly age-related calcification of the normal trileaflet valve which is
further discussed in this thesis. Once considered to be caused by years of normal mechanical
stress, the evolving concept is that the disease process represents proliferative and
inflammatory changes similar but not identical to vascular calcification. Although association
of AVS and systemic inflammation has been suggested in several studies and mononuclear
cell infiltrations in the diseased valve ultimately leading to bone formation have been
demonstrated, it remains unclear how inflammation is triggered and maintained (3-6).
Cardinal manifestations of AVS are exertional dyspnea, angina, syncope and ultimately heart
failure usually presenting only in severe cases (7). Physiological alterations behind angina
pectoris-like symptoms are dominantly supplied by left ventricular mass increment leading to
increased oxygen consumption, decreased arteriole density, coronary diastolic filling
impediment and subsequently subendocardial ischemia (8, 9). In about 50% of the cases
associated significant coronary artery obstruction may further worsen symptoms (7). Beside
the model dominated by left ventricular pathologic alterations, generalized endothel

dysfunction described not only in severe aortic valve stenosis but already in aortic valve



sclerosis (10-11) may also play a role in development of angina pectoris by affecting the

coronary arteries.

1.1.3 Treatment modalities

To date there is no clinically proven medical therapy to affect disease progression. Based on
common risk factors and similar pathology with vascular atherosclerosis several lipid
lowering trials with intensive statin therapy have been completed. These studies convincingly
showed no improvement in rate of progression, mortality or time to aortic valve replacement
compared to placebo (12-13), shifting interest to other pathological pathways possibly
amenable to medical therapy. Surgical aortic valve replacement or transcatheter aortic valve
replacement in case of patients seriously ill and not candidates for conventional surgery
remains the treatment of choice for patients with severe AVS. Indication and timing of
surgery is based upon patient symptoms, echocardiographic findings and confounding

diseases as aortic aneurysm, coronary artery disease also necessitating thoracic surgery (14).

1.2. Cell derived microparticles
1.2.1 Definition

Microparticles (MPs) are small cell membrane vesicles that are shed from cells upon
activation. MPs can be detected and classified by their particular set of surface antigens.
Using these means, platelet, leukocyte and endothelial microparticles can be distinguished

and attributed to their respective cell of origin (15).

1.2.1 Role in cardiovascular diseases

MPs exert distinct physiological functions and transfer biological information between
different cell types by carrying a specific set of signaling molecules between the cell of origin
and the effector cells (16). Particularly, in the vascular compartment MPs are essential for
intercellular crosstalk in health and disease (17). Although the pathophysiologic mechanisms
and functions of MPs are not completely understood, it is clear that chronic vascular diseases
such as peripheral artery disease or diabetic vascular disease are associated with elevated
levels of circulating MPs. Furthermore, MPs are also associated with systemic cell activation

such as systemic inflammation, sepsis or rheumatic diseases (18, 19). By the presentation of



cell-cell interacting surface molecules such as P-selectin and coagulation factors MPs may
contribute to endothelial cell activation, leading to vascular inflammation and frequently to
the development of atherosclerosis, but also to angiogenesis (15, 20-23). Taken together, MPs
are important players in the pathophysiology of vascular diseases and may also be used as in-

vivo markers for inflammation and vascular damage.

1.3. Angiography-derived modalities for the assessment of myocardial perfusion in the

catheterization laboratory
1.3.1 Thrombolysis in myocardial infarction (TIMI) frame count

A quantitative variation of the TIMI flow grade, TIMI frame count (TFC), defined as the
number of frames required for contrast material to travel from the coronary ostium to a distal
landmark was introduced in the 1990s as a method to assess the efficacy of thrombolysis in
acute myocardial infarction (AMI) on coronary angiograms (24). TFC proved to be a simple,
reproducible, quantitative and objective method to evaluate epicardial flow not only in acute
coronary syndrome settings, but in other conditions with microvascular dysfunction, as well
(25). For instance, abnormal TFCs have been found to support evidence of microvascular
dysfunction, increased microvascular resistance in metabolic X syndrome, aortic valve
stenosis, hypertrophic cardiomyopathy, cardiac allograft vasculopathy and atrial fibrillation
(26-30). However, both TIMI flow score and TFC remain indirect measures of microvascular
flow and patency. Tissue level perfusion is not assessed by these parameters, which is the

final goal of reperfusion therapy

1.3.2. Myocardial blush grade and TIMI myocardial perfusion grade

Two different angiographic methods were described in the late 1990s for direct assessment of
myocardial perfusion on a coronary angiogram based on the angiographic “blush”
phenomenon. When contrast medium is properly injected and cine acquisition is sufficiently
prolonged, the filling of myocardial vasculature appears as an angiographic “blush,” or a
“ground-glass” appearance. This appearance can be used in the catheter laboratory to visually
assess microvascular filling and, hence, is a marker of microvascular dysfunction and no-
reflow (31). While, myocardial blush grade (MBG) measures the maximal intensity of
contrast opacity at the area at risk (32), TIMI myocardial perfusion grading (TMP) classifies

reperfusion based on the dynamics of contrast appearance and clearance (33). These methods
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have provided additional prognostic information on success of reperfusion therapy in AMI
compared to TFC (33). However they remain limited inherently by their subjective nature and

categorical values.

1.3.3. Computer assisted, myocardium selective videodensitometry

Recently novel computer-assisted videodensitometric methods have been introduced for the
quantitative assessment of the angiographic “blush” appearance (34-36) in AMI. Alongside
Korosoglou et al. we have characterized myocardial perfusion by the ratio of maximal
density (Gmax) and the time to reach maximum density (Tmax) Of the time—density curves
(TDCs) in regions of interest on X-ray coronary angiograms (37). Sensitized by vessel
masking technique, it supplies easily obtainable, objective and quantitative information on
short-term outcome in AMI (37, 38). However, potential use of these methods for evaluating
myocardial perfusion, microvascular dysfunction in the non acute coronary syndrome patient

population is not well documented.

2. AIMS

1. To determine the level of microparticle release and systemic inflammation in patients with
severe aortic valve stenosis and thereby to elucidate the role of microparticles in the origin

and progression of the disease.

2. To establish the relation between our novel computer-assisted, myocardium selective
videodensitometric method for regional myocardial perfusion assessment and the TIMI
frame count method in patients with epicardial coronary arteries without significant

stenosis.

3. To demonstrate myocardial perfusion abnormalities in patients with severe aortic valve
stenosis without significant epicardial coronary artery stenosis by computer-assisted,

myocardium selective videodensitometric measurement.
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3. PATIENTS AND METHODS
3.1. Cell derived microparticles in aortic valve stenosis
3.1.1. Patients

From May 2005 to November 2006, 22 patients with AVS were enrolled prospectively in our
first study at the Department for Cardiology and Angiology, University Hospital Freiburg. As
control we examined 18 individuals that were admitted to our department for chest pain of
unknown origin and in which an acute coronary syndrome, vascular disease and other relevant
medical conditions were excluded. All participants were instructed about the aims of the study
and gave their written informed consent. The study was approved by the local Ethics
Committee. We excluded patients and patient controls with diseases in which an increased
level of MPs is known, such as acute myocardial infarction, metabolic syndrome, insulin
dependent diabetes mellitus, peripheral artery disease, severe trauma, sepsis, encephalitis
disseminata, as well as patients with systemic diseases such as chronic infection, renal failure
and history of cancer (22, 39-47) (Table 1). Standard blood analysis (blood cell count, plasma
coagulation parameters, cardiac enzymes, C-reactive protein (CRP), retention parameters and

lipid profile) was performed in each participant.

Table 1. Inclusion and exclusion criteria for the recruitment of AVS patients. To recruit

patient controls the same criteria except for aortic valve surface were applied.

Inclusion criteria Exclusion criteria

Written informed consent Acute coronary syndrome

Age > 18 years Peripheral artery disease

Aortic valve surface area <lcm? Insulin dependent diabetes mellitus

Metabolic syndrome

Infectious disease/ sepsis/fever/ leukocytosis
(>10 x 103/ul), C-reactive protein > 10 mg/I

Systemic inflammatory disease

Rheumatic disease

Renal failure
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3.1.2. Echocardiography

AVS was defined as an aortic valve surface of 1.0 cm? or less, according to the American
College of Cardiology (ACC)/ American Heart Association (AHA) guidelines for valvular
heart disease (14). All AVS patients had chronic degenerative AVS. Patients with congenital
valve disease or a history for rheumatic AVS were excluded. To exactly quantify the extent of
AVS, all AVS patients underwent transthoracic echocardiography using a PHILIPS iE33©
(Netherlands) ultrasound system and a 3.5 MHz transducer. Images were acquired in

accordance with the guidelines of the American Society of Echocardiography (48).

3.1.3. Flow cytometry

CD31-PE and CD61-FITC antibodies were obtained from Dako. CD45-FITC, CD62P-PE,
CDG62E-PE, CD11b-PE antibodies were obtained from Becton Dickinson. CD11b-FITC was
from Beckman Coulter. All antibodies were diluted 1:10 and passed through a 0.22-um filter
before use. Venous blood was collected without application of a tourniquet into 5 ml
containers to a final concentration of 0.1 mM citrate using a 21-gauge butterfly needle
(WING-FLOTM, Mainz, Germany). Analysis was initiated within 1 hour (49). Samples were
centrifuged at 1,550 g for 20 minutes (min) at 20°C to obtain platelet-poor plasma (PPP). PPP
aliquots were incubated with the specific antibodies for 25 min in the dark before sterile
filtered phosphate buffered saline (PBS) was added up to a total volume of 500 um and
microparticles were quantified by flow cytometry (FACS-Calibur©, Becton Dickinson) and
CellQuestTM software (Version 3.3, Becton Dickinson). Size calibration was performed with
nonfluorescent polystyrene microspheres (Invitrogen Molecular Probes©, USA). Each sample
tube was measured with a flow rate of 35 pl/min for 60 seconds. MPs were distinguished from
blood cells by their size of <1.5 um and numbers are given in counts per min (cpm) (Fig. 1A).
Platelet microparticles (PMPs) were detected as CD31+/CD61+ particles <1.5 pm of size or
as CD62P+/CD61+ particles <1.5 um, termed CD62P+ throughout this article (Fig. 1B, 1C).
Leukocyte microparticles (LMPs) were defined as CDI11b+ particles smaller than 1.5 um
(50). Endothelial cell microparticles (EMPs) were defined as CD62E+ particles smaller than
1.5 um originating from endothelial cell activation (Fig. 1F, 1G) (51). To quantify monocyte
activation, whole blood (100 pl) was incubated gently shaking in the dark with 10 pl anti-
CD11b-PE. After suspension in 2 ml cell lyses solution (tris-base, Na2EDTA, SDS), samples

were incubated for 20 min to lyse erythrocytes before centrifugation with 500 g for 5 min.
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The supernatant was removed and after washing twice with 2 ml PBS (Mg2+Ca2+) analyzed
by flow cytometry. Monocytes were defined as CD11b+ cells within the appropriate
monocyte gate (40, 52 and 53). For quantification of granulocyte activation, CD11b+ cells
were gated to include the granulocyte population. Activated leukocytes were quantified in
fluorescence histograms, and medians were used for further statistical analysis as mean
fluorescence intensity (MFI). Monocyte-PMP conjugates were assessed by detection of
particles that were positive for both CD45 and for CD62P after gating the monocyte
population in forward/sideward scatter. To detect conjugates between activated monocytes
and PMPs CD11b antibody was used instead of CD45 antibody and samples were processed
as described above. PMP-monocyte conjugates may not be distinguishable from platelet-

monocyte conjugates.

3.1.4. Flow chamber experiments

To mimic different levels of shear stress in vitro we used the Glycotech flow chamber with
gasket C. Flow was induced using a Harvard apparatus syringe pump (phd 2000). Flow rates
were adjusted as described to achieve shear forces of 0.5 dynes/cm® and 15 dynes/cm?.
Citrated whole blood was obtained and subjected to the respective shear forces prior to
analysis of MPs using our standard protocol.

3.1.5. Plasma levels of soluble P-selectin and interleukin-6 (I1L-6)

Blood concentrations of soluble P-selectin and I1L-6 were determined from patient plasma that
was obtained by centrifugation of citrated blood directly after collection and that was stored
until assaying at —80°C. Commercial enzyme-linked immunosorbent assay (ELISA) Kits were

obtained and used as recommended by the manufacturer (R&D Systems, Dako).

3.1.6. Statistical analysis

Data are presented as absolute and relative frequencies for categorical variables and as means
with standard deviations for continuous variables. Correlations between selected variables
were estimated by Spearman’s rank correlation coefficient. Data of AVS and control patients

was compared by means of Fisher’s exact test for categorical variables and by the Wilcoxon
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rank test for continuous variables. All tests were two-sided and used a significance level of
5%. Data were analyzed with SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
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Figure 1. Detection of microparticles. A) Gating strategy based on forward-sideward scatter.
Platelet poor samples were scanned for size and granularity. Particles smaller than 1.5 um,
as determined by calibration beads, were included in region 1 (R1) for further analysis. B and
C) Example for PMP classification based on CD61 and CD62P in a control individual
compared to an AVS patient. The upper right quadrant contains CD61+/CD62P+ MPs, the
lower right quadrant contains CD61+/CD62- MPs. These MPs have been shown to be also
CD3L1 positive in parallel aliquots. D and E) Example for detection of activated monocytes. In
control individuals fluorescence is lower compared to AVS patients as demonstrated in
relation to the dotted line at 10°. F and G) In vitro positive control for EMP measurement.
HUVEC were stimulated by TNF-o and CD62E+ MPs were detected in the supernatant.
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3.2. Evaluation of the relationship between computer-assisted myocardium selective
videodensitometry and TIMI frame count

3.2.1 Patients

The second study comprised 43 patients with chest pain who had undergone elective coronary
angiography with a negative result (<40% intraluminal epicardial coronary artery diameter
stenosis) at the Division of Invasive Cardiology, Department of Cardiology, Medical Faculty,
Albert Szent-Gyorgyi Clinical Center, University of Szeged. Patients with acute coronary
syndrome, valvular heart disease and left ventricular dysfunction were excluded from this
study. Informed consent was obtained from each patient and the study protocol conformed to
the ethical guidelines of the 1975 Declaration of Helsinki.

3.2.2. Technical aspects of coronary angiography

Angiograms for videodensitometric analysis were recorded as described by our working
group previously (37). Briefly this required the fulfillment following criteria: 1) motion of
patient or table should be avoided, 2) patient should hold breath for the time of recording, 3)
one contrast-free heart cycle should be recorded before injection of contrast material, and 4)
field of view is to be set to contain the whole supplied area of the vessel of interest. During
the present study, all coronary angiograms met with these criteria. Patients not being able to
hold breath for the time of recording were excluded from this study. Projections were chosen
to minimize the possible superpositioning of the myocardium supplied by different arteries,
aorta, veins and the edge of the diaphragm which usually gives motion artifacts on digital
subtraction angiography (DSA) images. Left anterior descending coronary artery (LAD) and
left circumflex coronary artery (CX) were recorded in lateral, while right coronary artery
(RC) was recorded in a left anterior oblique (LAO 15”) projection. Constant quantity of
nonionic contrast material (6ml) was injected for all angiograms by an automatic injector
(Acist Medical Systems, Bracco, Milan, Italy) at a rate of 3 cc/sec in order to standardize the
density of angiograms. Coronary angiograms were recorded on an Innova 2000™ system (GE
Healthcare, Chalfont St. Giles, Buckinghamshire, United Kingdom), images were stored in

512x512 size 8-bit, grayscale, uncompressed format.

3.2.3. Videodensitometric analysis
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Videodensitometric analysis was performed as reported by our working group previously
(37). Briefly phase-matched DSA angiograms were recorded with constant contrast,
brightness and stabilized acquisition parameters of the X-ray imaging system. The
computerized method for myocardial perfusion assessment was based on the analysis of time-
density curves (TDCs) measured over the myocardial region of interest (ROI). Polygonal
shaped ROIs were selected by an experienced interventional cardiologist and covered the
whole myocardial area supplied by the investigated vessel. Specific coronary-related ROIs
are presented in Figure 2. TDCs were calculated as average pixel value in the ROI, excluding
pixels having a vesselness probability value >0.08. Frequencies higher than 0.6 Hz have been
removed from the TDC to eliminate artifacts from cyclic heart contractions, and noise in
image acquisition and digital subtraction. Myocardial perfusion has a single-wave density
signal around 0.1 Hz; therefore it is still present on the filtered curve. A typical TDC before
and after filter application is shown in Figure 3. Maximal density of the TDC (Gmax) and time
to reach maximal density (Tmax) Were measured on the filtered curve. Perfusion was
characterized by Gmax/Tmax according to previous results (34). Vessel masking technique
was used to further improve sensitivity (38). To get more reliable results two independent
physicians were required to select the myocardial area supplied by the coronary vessel, and
draw a polygonal ROI. Two Gnax/Tmax Values calculated with the two different ROIs were
averaged, and these results were used to analyze correlation with other clinical parameters.

Cardiologists were blinded to all other clinical data.

3.2.4. Assessment of TIMI frame count

Determination of frame counts was carried out by the method described previously by Gibson
et al. (Figure 4.) (24).The first frame was defined by a column of contrast extending across >
70% of the arterial lumen with ante grade motion. The last frame counted is that in which
contrast enters (but not necessarily fills) a distal landmark. These landmarks are as follows:
the first branch of the posterolateral artery in the RC, the distal branch of the lateral left
ventricular wall artery furthest from the coronary ostium in CX, and the distal bifurcation
known as the “moustache,” “pitch fork,” or “whale's tail” in LAD. LAD-TFC was corrected
by a factor (1.7) to take account for longer distance to the TIMI landmark to gain corrected
TIMI frame count (cTFC) (24). In addition, a conversion factor of 2 was used to adjust for
frame rate of 15 frame/sec used in our laboratory compared to the 30 frame/sec acquisition

speed used in the original cine angiographic studies (55).
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3.2.5. Statistical analysis

Data are reported as means + standard deviation. Data analyses were performed with
statistical software Medcalc (Medcalc 11.3, Mariakerke, Belgium). P <0.05 was considered to
be statistically significant. Correlations of Gmax/Tmax with cTFC were assessed by Spearman’s
rank correlation coefficient. Values for R were interpreted in the following way: 0.9-1:
excellent, 0.7-0.89: good, 0.5-0.69: moderate, 0.3-0.49: low.

Figure 2. Coronary artery related territories on coronary angiograms. LAD (A), CX (B) and
RC (C).

1551
150 1
145 1
140 4

Average pixel value in ROT

Time (s)

Figure 3. Schematic diagram of videodensitometric measurement result. Thinner curve
represents the original average density. The thicker curve is computed by eliminating
frequencies higher than 0.6 Hz from the original curve. Myocardial perfusion is characterized
by the ratio of maximal density (Gnax) and the time to reach maximum density (Tmax)-
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Figure 4. Angiographic image of the left anterior descending coronary artery (LAD) for
measurement of TIMI frame count. The first frame (A) defined by a column of contrast
extending across >70% of the arterial lumen with antegrade motion. Intermediate (B) and

last (C) frames with contrast reaching the distal landmark of LAD.

3.3. Myocardial perfusion abnormalities in aortic valve stenosis as assessed by

computer-assisted, myocardium selective videodensitometry
3.3.1. Patients

The third study comprised 20 patients with aortic valve stenosis who were omitted to Division
of Invasive Cardiology, Department of Cardiology, Medical Faculty, Albert Szent-Gyorgyi
Clinical Center, University of Szeged for cardiac catheterization as a part of the preoperative
examination protocol before aortic valve replacement surgery. Patients with significant
coronary artery disease (>70% intraluminal epicardial coronary artery diameter stenosis) were
excluded from the study. 30 patients omitted for evaluation of chest pain of unknown origin
but diagnosed to be without significant coronary artery disease served as a control group. The
control group was matched in regards to age, gender and ischemic heart disease risk factors.
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Informed consent was obtained from each patient and the study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki.

3.3.2. Technical aspects of coronary angiography

The same technical features were used for coronary angiography as described in section 2.2.2.

3.3.3. Videodensitometric analysis

The same technical features were used for videodensitometric analysis as described in section
2.2.3. In addition to single vessel related Gmax/Tmax Values we introduced mean Gmax/Tmax
(average of single vessel related Gmax/Tmax Values) to describe global myocardial perfusion.
Representative DSA angiograms and TDCs for AVS and control patients are shown in Figure
5.

3.3.4. Statistical analysis

Data are presented as absolute and relative frequencies for categorical variables and as means
with standard deviations for continuous variables. Data of AVS and control patients were
compared by means of Pearson’s chi square test for categorical variables and by the Student’s
T test for continuous variables. In case of the LAD related Gmax/Tmax Welch’s test was used
because of unequal variance. All tests were two-sided. P <0.05 was considered to be

statistically significant. Statistical software applied was Medcalc (Medcalc 11.3, Mariakerke,

Belgium).
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Figure 5. DSA angiogram and corresponding TDC curve. Upper panels show a frame of the

DSA angiogram of the left coronary artery with black line surrounding the region of

videodensitometric measurement concerning the LAD. Lower panels show the corresponding

time-density curves and videodensitometric measurement results. (A)Control, (B)AVS patient.
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4. RESULTS
4.1. Cell derived microparticles in aortic valve stenosis
4.1.1. Clinical parameters

As shown in Table 2, AVS patients and patient controls (PC) were similar in terms of age
(AVS: 71.4 £ 11.8 vs. PC: 67.3 + 9.3 years), gender distribution (female male ratio: AVS:
13:9 vs. PC: 9:9), cardiovascular risk factors, blood cell counts, CRP level, cholesterol and

body mass index. Notably, there was no significant difference in antiplatelet medication.

Table 2. Clinical characteristics of aortic valve stenosis patients and patient controls.

AVS patients Patient controls

N 22 18
Age (years) 71 67
Gender

Female 13 9

Male 9 9
Platelets (10/ul) 237 235
Leukocytes (10°/ul) 6.63 7.09
C-reactive protein (mg/dl) 6.9 8.4
Cholesterol (mg/dl) 177 200
Antiplatelet medication (%) 32 28
Cardiovascular risk factors

Smoking (%) 14 6

Hypercholesterolemia (%) 33 28

Hypertension (%) 73 78

Diabetes mellitus (%) 23 39

BMI (height/weight?) 25 27
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4.1.2. Echocardiographic parameters

The mean of the aortic valve surface of AVS patients was 0.65 £ 0.16 cm?, resulting in an
elevated transvalvular gradient of 73 + 28 mmHg and increased blood velocity (Vmax) (Table
3). Patient controls had no signs for morphologic heart disease. Average left ventricular
ejection fraction (LV-EF) was similar with 53 + 13% in AVS patients compared to 57 + 4% in
patient controls. Accordingly, left ventricular end diastolic diameter was similar in both
groups. In order to estimate transvalvular shear stress we calculated the Vmax/LV-EF ratio.
As expected for severe aortic stenosis Vmax/LV-EF was significantly increased in AVS

patients compared to patient controls (Figure 6A).

Table 3. Echocardiographic characteristics of aortic valve stenosis patients and patient

controls. NS =not significant.

AVS patients | Patient controls p
Aortic valve surface (cm?) 0.65+0.16 >1.5 <0.05
Vmax (m/s) 4.1+1 1.4+04 <0.05
Mean transvalvular aortic 73 +£28 9+ 5 <0.05
gradient (mmHg)
Left ventricular ejection fraction 53+13 57+4 NS
(LV-EF) (%)
Left ventricular end diastolic 498 £11.5 49.5+4 NS
diameter (mm)
Vmax/LV-EF 0.08 +£0.03 0.02 £0.01 <0.05

4.1.3. Platelet microparticles

The number of total PMPs (CD31+/CD61+) was significantly higher in AVS patients
compared to patient controls (AVS: 868 = 600 cpm vs. PC: 504 + 230 cpm, p= 0.046, Fig.
6B). In patients with AVS CD62P+ PMPs were also significantly increased (AVS: 76.0 +
44.5 cpm vs. PC: 47.8 + 21.8 cpm, p= 0.028, Fig. 6C). No significant differences in platelet
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counts between both groups were observed (AVS: 237 + 70/nl vs. PC: 235 £ 69/nl, p = 0.92,
Fig. 6B) indicating that differences in PMPs do not originate from differences in platelet
counts. In order to demonstrate the relationship between shear stress and PMP activation, we
correlated these two parameters in Figure 6D. PMP activation increased with augmenting
shear stress in our patients. These data support the notion that platelet microparticles are
increased in AVS patients most likely due to increased blood shear stress in these patients.

4.1.4. Flow chamber experiments

As we have demonstrated shear stress-induced PMP generation in AVS patients we sought to
corroborate these data by in-vitro experiments. Therefore we subjected whole blood from
volunteers (n=4) to various levels of shear stress in a flow chamber and analyzed the
generation of PMPs. In these experiments increasing shear forces significantly induced
increasing amounts of PMPs, indicating that shear stress is a trigger for PMP release (Figure
7).

4.1.5. Leukocyte microparticles (LMPs)

Patients with AVS had significantly more LMPs compared to patient controls (AVS: 31.6 +
18.5 cpm vs. PC: 19.4 = 9.7 cpm, p =0.014, Figure 8A). The number of leukocytes in the
peripheral blood was similar in both groups (AVS: 6.63 + 2.00 10%/ul vs. PC: 7.09 + 1.85
10°/ul; p =0.34, Table 2). As shown above for PMPs, the generation of LMPs is independent
from the numbers of the cells of origin. These data support the notion that the number of
LMPs is elevated in AVS patients reflecting an inflammatory state in AVS patients.

4.1.6. Leukocyte activation

As the elevated numbers of LMPs indicate an inflammatory state in AVS patients we sought
to quantify the extent of leukocyte activation. Therefore we measured CD11b+ monocytes
and granulocytes. Activated monocytes were increased in AVS patients compared to patient
controls (AVS: 902 + 331 MFI vs. PC: 676 + 189 MFI; p =0.042, Figure 8C). Accordingly,
there was a trend towards increased numbers of activated granulocytes in AVS patients (AVS:
437 £ 216 MFI vs. PC: 339 + 82 MFI; p =0.062, Fig. 8C). Thus, not only numbers of LMPs

but also numbers of their activated cells of origin are increased in AV'S patients.
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4.1.7. Endothelial microparticles

To reflect endothelial cell activation we determined the number of circulating EMPs. The
amount of CD62E+ EMPs was elevated in AVS patients compared to patient controls (AVS:
19.7 = 12.3 ¢pm vs. PC: 10.4 + 6.8 cpm, p =0.008, Figure 8B), indicating endothelial cell
activation in AVS patients. Most interestingly the extent of monocyte activation correlates
with the number of CD62E+ EMPs (Figure 8D) supporting the hypothesis that monocyte
activation contributes to activation of endothelial cells in AVS patients. Conversely, we

cannot rule out that EMPs contribute to monocyte activation in AVS patients.

4.1.8. PMP-monocyte conjugates

To elucidate the mechanism of monocyte activation we determined the number of circulating
PMP-monocyte complexes in four representative patients with AVS and four controls. The
number of total PMP-monocyte complexes was higher in AVS patients compared to controls
(Figure 9A) Using an activation specific antibody (CD11b) we found that almost all PMP-
monocyte complexes contained activated monocytes (Figure 9B). This may be due to the fact
that PMPs have the potential to activate monocytes or inversely that activated monocytes
have a higher affinity to PMPs. Therefore we suggest that binding of PMPs results in
activation of monocytes.

4.1.9. Blood levels of soluble P-selectin and IL-6

Besides the number of circulating microparticles representing “cellular markers” for platelet
activation, soluble P-selectin was measured in the blood of AVS patients and patient controls.
We found that plasma P-selectin levels were not significantly different between AVS patients
and patient controls with a trend to higher concentrations in AVS patients (Figure 10). To
determine a plasmatic marker for systemic inflammation we measured plasma concentrations
of IL-6. In AVS patients I1L-6 tended to be higher than in patient controls without reaching
statistical significance (Figure 10). These data indicate that P-selectin and IL-6 may not be as
sensitive as microparticle counts to detect a systemic state of inflammation and platelet

activation.
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4.2. Evaluation of the relationship between computer-assisted, myocardium selective
videodensitometry and TIMI frame count

4.2.1. Clinical parameters

During the present study 124 coronary arteries of 43 patients were analyzed for corrected
TFC and Gnax/Tmax Values. Because of anatomical variations 3 out of 43 left circumflex
coronary arteries and 2 out of 43 right coronary arteries were not evaluated. The corrected
TFC measured for LAD, CX and RC were comparable to previous data published concerning
non-infarct related arteries (55). Clinical and coronary angiographic data on patients are

presented in Tables 4-5 respectively.

4.2.2. Correlations

Low to moderate significant correlations were found between corrected TFC of respective
arteries and LAD related Guax/Tmax (r=—0.57, p <0.01) (Figure 11), CX related Guax/Tmax
(r =—0.33, p <0.05) (Figure 12) and RC related Gmax/Tmax (r =—0.41, p <0.01) (Figure 13).

Table 4. Clinical and demographic data of patients.

Patients
n 43
age (years) 60.2 +9.8
Males (%) 29 (67)
Diabetes (%) 5(12)
Hypertension (%) 35 (79)
Hypercholesterolemia (%) 33 (74)
Smoking (%) 15 (35)
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Table 5. Coronary angiography derived data of patients

LAD - Gmax/Tmax

Patients

n 43

LAD — Grax/ Tmax (1/s€ec) 2.85+1.56
LAD — cTFC (frames) 25.6+12.1
CX — Gmax/ Tmax (1/sec) 2.63+1.36
CX —TFC (frames) 25.8+9.7
RC — Gmax/ Tmax (1/s€c) 2.39£0.95
RC — TFC (frames) 26.0+9.9

LAD - TIMI frame count

r=-0.57

- p<0.0l
(I | WS | (S | 1 1
0 10 20 30 40 50 60 70

Figure 11. Correlation between
left anterior descending coronary
artery (LAD)-related Gmax/Tmax

and corrected TIMI frame count.
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4.3. Myocardial perfusion abnormalities in aortic valve stenosis as assessed by

computer-assisted, myocardium selective videodensitometry
4.3.1. Clinical parameters

In the third study we performed computer assisted, myocardium selective videodensitometric
analysis to obtain  Gnax/Tmax values indicative of myocardial perfusion in 144 coronary
arteries of 20 AS and 30 control patients. Because of anatomical variations 3 out of 20 right
coronary arteries in the AS group and 2 out of 30 right coronaries as well as 1 out of 30
circumflex arteries in the control group were not evaluated. In regards to clinical and
demographic data ASA patients and the control group was similar except for age as the

patients in the AS group patients were significantly older (Table 6).
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Table 6. Clinical characteristics of aortic valve stenosis patients and patient controls.

AVS patients Control patients p value
N 20 30 -
Male gender (%) 12 (60) 20 (67) NS
Age (years) 69+ 10 60+ 11 <0.05
Diabetes mellitus (%) 5 (25) 4 (13) NS
Hypercholesterolemia (%) 10 (50) 23 (77) NS
Hypertension (%) 18 (85) 25 (83) NS
Smoking (%) 20 13 (43) NS

4.3.2. Echocardiographic parameters

Peak transvalvular gradient was 84.2 + 32.5 mmHg and mean transvalvular gradient was 47.4
+ 15.2 mmHg as measured by transthoracic echocardiography reflecting the severity of
disease in the AVS group (14). Further echocardiograph parameters of the AS patient group
can be found in Table 7.

Table 7. Echocardiographic parameters of aortic valve stenosis patients

AVS patients (n= 20)
Peak transvalvular aortic gradient (mmHg) 84.2+325
Mean transvalvular aortic gradient (mmHg) 47.4+£15.2
Left ventricular ejection fraction (%) 59.6 + 13.7
Left ventricular end-diastolic diameter (mm) 55.9+6.4
Interventricular septum (mm) 13.1+1.6
Left ventricular posterior wall (mm) 128 +1.5
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4.3.3. Computer-assisted, myocardium selective videodensitometry

In the AVS group Gnax/Tmax Values regarding respective vessels were: LAD-Gmax/Tmax =2.78
+ 1.03 1/sec, RC-Gmax/Tmax =3.11 + 1.45 1/sec, CX-Gmax/Tmax =2.00 = 1.13 1/sec). In the
control group these values were: LAD-Guax/ Tmax =3.44 + 1.73 1/sec, RC-Gmax/Tmax =3.85 +
1.5 1/sec, CX-Guax/ Tmax =2.83 + 1.04 1/sec. Mean Gmax/Tmax describing global myocardial
perfusion was 2.55 + 1.02 1/sec in the AVS group and 3.39 + 1.09 1/sec in the control group.
Gmax/ Tmax values indicative of myocardial perfusion were significantly lower in the AVS
group then in the control group regarding the circumflex artery perfusion territory (p =0.011)
and global myocardial perfusion (p =0.008) (Fig. 14). Regarding the left anterior descending
artery (p =0.0975) and right coronary artery perfusion territories (p =0.0682) we found a non
significant trend towards lower perfusion in the AVS group (Fig 14.).

6 LAD-Grax/ Trax 6Il  RC-Grma T
5} p =0,0975 (NS) 5} p =0,0682 (NS)
4+ 41+
3rF 3r
2F 2F
1r 1r
0 - 1 0 C 1
AVS Control AVS Control
6 6F
| CX'GmaxleaX | mean'Gmax/Tmax
5k p <0,05 5k p <0,01
41+ 41
3F 3F
2F 2k
1r 1F
Ot ok
Control Control

Figure 14. Mean and respective vessel Gmax/ Tmax vValues in the AVS and control group.
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5. DISCUSSION

5.1. Cell derived microparticles in aortic valve stenosis

5.1.1. Elevated shear stress and count of circulating platelet microparticles

The first study presented in this dissertation was performed to determine the level of MP
release in patients with severe AVS. We showed for the first time that AVS is accompanied
by the release of platelet-, leukocyte-, and endothelial cell-derived MPs and by increased
leukocyte activation. PMP release is dependent on shear stress in vivo and in vitro. We also
demonstrated the presence of microparticles conjugated with activated monocytes. These
findings indicate that in AVS patients microparticles are released — most probably caused by
increased shear stress. Elevated numbers of circulating MPs result in endothelial cell
activation (56) which is reflected by EMP release. As the valvular endocardium is a part of
the inner lining of the vascular system it is likely but has not been formally demonstrated in
this study that valvular endocardium may also be activated by circulating microparticles.
Supporting data for this hypothesis comes from studies in which circulating E-selectin, a
marker for endothelial cell activation, and E-selectin expression by valvular endocardium is
indeed increased in patients with AVS (57). One may speculate whether the activation of
valvular endocardium contributes to the progression of AVS, but taking into consideration
endothelial cell activation in the context of atherosclerosis this speculation appears justified.
We examined patients with severe AVS in comparison to patient controls. Patient controls
were admitted for chest pain but cardiovascular disease and particularly valvular disease
could be excluded during the hospital stay. In all AVS patients and patient controls
confounding conditions such as insulin-dependent diabetes mellitus or infections were
excluded (Table 1). Besides the constricted orifice of the aortic valve in AVS patients, both
groups were similar in terms of age, concomitant medication and in all other parameters
observed (Table 2). As expected, valvular shear stress was significantly higher in AVS
patients than in patient controls (Figure 6A). Thus, there is strong evidence that differences
observed in microparticle counts and cell activation between the groups are based on
differences in blood shear forces. To determine the level of systemic cell activation we
measured different types of circulating MPs and activation markers on leukocytes (Figure 1).
MPs may serve as markers for cellular activation as they are shed from their particular “cells
of origin” upon cell activation. Apart from their role as cell activation markers they confer
intercellular communication (15, 58, 59). Increased numbers of circulating MPs have been

detected in various conditions such as rheumatic diseases, sepsis, peripheral artery disease and
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coagulopathy (16). The common feature of these conditions is their systemic state of
inflammation and endothelial cell dysfunction. Here we report that circulating microparticles
are increased in AVS patients compared to patient controls. The surface antigens by which
PMPs are commonly characterized vary from study to study (51). Most investigators identify
PMPs by combined detection of CD31 (PECAM) and CD61 (GPIlla) surface antigens that are
known to be expressed by platelets. In our study, platelet microparticles (CD31+/CD61+),
which represent the largest subgroup of all microparticles (AVS: 94.9% vs. PC: 95.0%) and
CD62P+PMPs, so called “activated PMPs” are increased in AVS patients (Figure 6B, 6C).
Moreover, we found a positive correlation between PMPs and valvular shear stress (Figure
6D). Using an in-vitro flow chamber approach we have confirmed that high shear forces
contribute to the formation of PMPs (Figure 7). In our in vivo studies we particularly focused
on CD62P+PMPs as CDG62P is involved in platelet-leukocyte interaction and contributes to
vascular diseases such as stroke, myocardial infarction and peripheral artery disease (49, 60,
61). On the molecular level CD62P plays a dual role (62): When measured in plasma samples
CDG62P reflects the degree of platelet activation. In our study microparticle release was the
more sensitive marker of platelet activation compared to CD62P concentrations, which may
be explained by the fact that shedding of CD62P from membrane surfaces requires at least in
part enzymatic cleavage and therefore occurs later than MP release. On the other hand CD62P
is a key mediator in leukocyte interactions in inflammation. We found a trend toward
increased CD62P plasma levels in AVS patients that did not reach significance but
nonetheless may be in line with this notion. Indeed, in proof-of-principle experiments we
found increased numbers of PMP-monocyte conjugates between CD62P+PMPs and

monocytes in patients with AVS compared to controls (Figure 9A).

5.1.2. Elevated count of circulating leukocyte, endothelial cell microparticles and

systemic inflammation

Taken together, these data suggest that AVS contributes to the generation of PMPs and PMP-
monocyte conjugates. Moreover, in depth analysis of PMP-monocyte conjugates revealed that
the overwhelming majority of all conjugated monocytes are in the activated state as reflected
by expression of CD11b+ (Figure 9B). LMPs are released by monocytes upon cell activation.
Therefore, LMPs may be used as a marker for systemic inflammatory reactions. Furthermore,
LMPs may act as activators of endothelial cells and thereby actively contribute to systemic

inflammation (63) (Fig. 15). Others have shown that the extent of subclinical vascular
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dysfunction correlates with the amount of circulating LMPs (64). In the present study we
measured LMPs based on the detection of CD11b on microparticles. The integrin CD11b is
expressed on activated leukocytes and is involved in adhesion to endothelial cells and
transmigration of leukocytes through the endothelial cell layer (50). Using this marker we
achieved both, specific detection of leukocyte-derived MPs as well as identification of
activated leukocytes. We found that the numbers of CD11b+ LMPs are significantly increased
in patients with AVS (Figure 8A). These data suggest that a systemic inflammatory reaction is
ongoing in AVS patients. More evidence supporting this notion comes from the detection of
elevated numbers of circulating activated monocytes in AVS patients (Figure 8C). Both,
LMPs and monocyte activation facilitate transendothelial migration of monocytes initiating
vascular inflammation (65). To better characterize a systemic inflammatory state in AVS
patients we determined plasma concentrations of IL-6, a well known marker of inflammation,
and soluble P-selectin, which is released from activated platelets. In AVS patients IL-6 tends
to be higher than in patient controls but the difference does not reach statistical significance
(Figure 10B). This finding supports the notion that AVS is associated with systemic
inflammation and that MPs may be the more sensitive marker of inflammation compared to
IL-6 in these patients. The next step in the cascade of inflammatory events is the activation of
endothelial cells. Their activation is reflected by increased levels of circulating EMPs
presenting CD62E (E-selectin) as shown in several vascular diseases (66). Using this marker
we found that patients with AVS have significantly increased levels of EMPs compared to
patient controls (Figure 8B). As vascular endothelium and endocardial cells share a high
degree of similarity it is likely that systemic vascular inflammation mediated by MPs and
activated leukocytes not only affects vascular endothelium but also the endocardium covering
the heart valves and thereby contributes to progression of AVS. Along the same lines, recent
studies suggest that inflammatory processes may play a substantial role in the process of
cardiac valve thickening and sclerosis, similar to the progression of atherosclerosis (67),
although after correction for cardiovascular risk factors inflammatory markers did not predict
the extent of valve calcification in one study (68). We suggest that shear stress induces
inflammation reflected and conferred by MPs which in turn activate monocytes. Along these
lines we found a strong correlation between CD62E+ and activated monocytes (Figure 8D).
These cells in turn have been found to incorporate into diseased valves and contribute to
disease progression (2). This suggested mechanism is supported by the finding that the
incidence of AVS is increased in haemodialysis patients (69). In these patients, high shear

stress caused by the haemodialysis procedure may contribute to progression of valve stenosis.
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Interestingly, others have shown in vitro that endothelial cell-derived MPs contribute to the
progression of cardiac valve endocardium dysfunction (70). Accordingly, in rapidly
progressing valve disease markers of systemic inflammation such as high-sensitivity CRP are
increased (71). These studies put our findings in line with reports that atherosclerosis and
AVS depend on similar mechanisms of progression which involve the release of
inflammatory MPs (2, 72).

5.1.3. Hypothesis regarding the role of microparticles in the progression of aortic valve

stenosis

Taken together based on our in-vivo and in-vitro findings, and supported by in vitro findings
of other investigators, we suggest a vicious circle in aortic valve disease (Fig. 15): Increased
shear forces caused by the constricted aortic valve orifice induce the generation of PMPs in
the circulating blood, which in turn interact with circulating monocytes and activate these
cells to release LMPs and/or activate vascular endothelial cells directly. Subsequently, LMPs
and activated monocytes cause a systemic proinflammatory state, which leads to activation of
endothelial cells and release of CD62E+ EMPs. These particles reflect the activation of the
endothelium and therefore as well the activation of valvular endocardium. Indeed CD62E
serves as an important adhesion molecule involved in leukocyte adhesion on endothelial cells
(57). Therefore it may appear possible, but needs to be confirmed by further studies, that
activated monocytes transmigrate through the endocardium and contribute to the progression
of aortic stenosis. Until today, only monocyte infiltration of diseased cardiac valves has been
demonstrated (3, 4).

5.1.4. Limitations

As acknowledged throughout the discussion although data presented here taken together with
cited prior observations give strong circumstantial evidence that shear stress generated
microparticle interaction with blood cells and endothelium is pivotal in the progression of
aortic valve stenosis, they fall short of conclusively establishing a cause-effect relationship.
In addition to our cross-sectional study, more definitive support for an active role of
microparticles in the pathogenesis of aortic valve stenosis will require a prospective
longitudinal study correlating microparticle-cell interaction with progression of aortic valve

stenosis.
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Platelets are activated by high shear stress and release PMPs. These particles either activate
endothelial cells directly or activate mononuclear cells. Mononuclear cell activation is
reflected by LMP release and results either directly or via LMPs in endothelial cell
activation. In each case endothelial cells are activated as shown by EMP release. Endothelial

cell activation contributes to aortic valve stenosis.

5.2. Myocardial perfusion abnormalities in severe aortic valve stenosis

5.2.1. Evaluation of the relationship of computer-assisted, myocardium selective

videodensitometry to TIMI frame count

Myocardium selective videodensitometric assessment of perfusion as MGB and TMPG
(described in detail in the introduction section) utilizes the indicator dilution principle where
the input is an intracoronary injection of X-ray contrast and the output is observable

opacification of the myocardium supplied (73). The degree of opacification representing
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perfusion is numerically assessed by the ratio of maximal density (Gnmax) and the time to reach
maximum density (Tmax) Of the TDCs in regions of interest on X-ray coronary angiograms
(34, 37). This method allows for objective and quantitative assessment, is cost effective
without further need for coronary instrumentation. Although well documented in AMI (34-
37), literature on possibility of interpretation in non acute coronary syndrome settings is
limited (74, 75). Hence before applying computer-assisted, myocardium selective
videodensitometry to study possible perfusion abnormalities in aortic valve stenosis we
sought to establish its potential use in non-ACS patients by evaluating its relationship to the
previous golden standard angiographic method of TFC in patients free of significant coronary
artery disease. Correlations could be demonstrated between computerized videodensitometric
myocardial blush parameters and quantitative coronary angiographic TFCs (Figures 11-13).
Of further note is that stronger correlations were found regarding to LAD compared to RC or
CX. Possible explanation for this phenomenon could be coronary anatomy variability,
especially concerning the dominance of RC or CX which renders standardized ROI selection.
The absence of stronger general correlation in relation to TFC could be explained by the
TFC's indirect nature regarding myocardial perfusion, highlighted by its poorer comparable
predictive value as previously described in AMI (33). For further validation of this method
additional studies are warranted in comparison with established non-angiography-based
imaging modalities preferably in specific cardiovascular diseases with microvascular

dysfunction.

5.2.2. Myocardial perfusion abnormalities in aortic valve stenosis as assessed by

computer-assisted, myocardium selective videodensitometry

The third study presented in this thesis was performed to verify myocardial perfusion
abnormalities in severe AVS patients by computer-assisted, myocardium selective
densitometry. Previously other authors have described left ventricular mass increment in AVS
leading to increased oxygen consumption, decreased arteriole density, coronary diastolic
filling impediment and subsequently subendocardial ischemia (8-9). Clinical validation is
supplied amongst others by Kupari et al. who found perfusion defects in 43% of investigated
AVS patients otherwise free of significant epicardial disease by exercise thallium-201
tomography (76). Beside the model dominated by left ventricular pathologic alterations,
generalized endothel dysfunction described not only in severe AVS but already in aortic valve

sclerosis (10-11) may also play a role in the development of myocardial ischemia, by
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affecting the coronary arteries. Elevated count of circulating endothel microparticles reported
in the first study of this thesis also supports the notion of generalized endothel dysfunction in
AVS. Reduction in coronary flow reserve (CFR) as measured by transoesophageal
echocardiography not only directly supplies evidence for coronary microvascular dysfunction
(77), but also stresses the relevance of the disorder by proving to be an independent indicator
of event-free survival (78). Although myocardial ischemia is certainly most prominent at
stress a recent publication by Evola et al. describes significant myocardial perfusion
impairment at rest by TFC, MBG and scintigraphy in the similar subset of hypertensive
patients with left ventricular hypertrophy and angina (79). Based on these previously detailed
findings we hypothesized that pathophysiological alterations led by the increment in left
ventricular mass and coronary microvascular dysfunction would lead to a slower and less
intense penetration of contrast material into the myocardium as quantitatively measured by
Gmax/ Tmax. TO test our hypothesis we compared Gpax/Tmax Values obtained during computer-
assisted, myocardium selective videodensitometry in 20 AVS patients to 30 control patients.
Groups were similar in regards to gender and cardiac risk factors. The AVS group however
was significantly older as discussed in the limitations section. Significant epicardial stenosis
was ruled out during coronary angiography in both groups. Indeed mean Gmax/Tmax values
indicative of global myocardial perfusion were significantly lower in the AVS group than in
the control group (Fig. 14). The observed large standard deviation and only non-significant
tendencies in regards to LAD- and RCA-related Gmax/Tmax Must draw our attention to the
limitations of perfusion assessment at rest in non-ACS patients. Namely coronary blood flow,
myocardial perfusion and microvascular resistance at rest is mainly determined by
hemodynamic parameter driven autoregulation mechanisms (80), and subject to variations
according to gender and age (81). In future studies it would seem prudent to uncouple
autoregulation of myocardial circulation through achievement of maximal hyperemia by
intracoronary or intravenous adenosin infusion (82). Gumax/Tmax Values at hyperemia by
themselves or as a ratio of baseline Gma/Tmax akin to CFR may prove to more specific and
sensitive marker of microvascular dysfunction. In conclusion reduced Gmax/Tmax values
indicative of impaired myocardial perfusion as measured by computer-assisted myocardium
selective videodensitometry on coronary angiograms could be demonstrated in AS compared

to normal controls.
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5.2.3. Limitations

Computer-assisted, myocardium selective videodensitometry is a novel method under
constant development as technological advances permit. Major technical issues yet to be
tackled include problems concerning the standardized selection of static ROI areas. Large
ROI areas can result in variable results due to inhomogenous distribution of contrast material.
On the other hand, small static ROI area selection is difficult for the whole image sequence
because of the cyclic motion of myocardium caused by the heart beating. Further problems
inherent to nonautomated ROI selection is the possibility of intra- and interobserver
variability. These factors in part may be accountable for variable average Guax/Tmax values
reported for similar control groups discussed in this thesis and in a prior publication. Of
further note is the commercial unavailability of our software and those of others which

renders wide spread use and unbiased, multicenter testing.

Mean Gmax/Tmax Characterizing global myocardium perfusion is calculated as a numerical
average of single-vessel-related Gpax/Tmax Values. It is not weighted to take into count
differing vessel sizes and supplied myocardium areas which change from to patient to patient

according to anatomical variations.

Echocardiographic studies for the patients were done in different hospitals as part of our
preoperative examination protocol and thus are not standardized for the echocardiographic
machine used or the examiner itself. Furthermore the most revealing parameter in regards to

AVS severity, aortic valve surface area was not measured in all of the patients.

Although efforts were made to match the control group to the AVS group in terms of
cardiovascular risk factors, age and gender, the AVS group patients were found to be
significantly older. Explanation for this age difference lies in the pathophysiology of AVS as
it is an age-related, degenerative disease prominent and necessitating surgery most frequently
in patients older than 65 years. Nonetheless this factor must be taken into account while

interpreting our results.
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SUMMARY

The mechanisms of the progression of AVS are partly unknown. The involvement of
mononuclear cells and of chronic systemic inflammation has been suggested by analysis of
pathological specimens. In the first study reported in this thesis we hypothesized that shear
stress caused by the constricted aortic orifice contributes to systemic proinflammation by
activation of circulating blood cells and thereby generation of microparticles. Using flow
cytometry we analyzed 22 patients with severe AVS and 18 patient controls for the generation
of circulating microparticles from platelet- (PMPs: CD31+/CD61+ or CD62P+), leukocyte-
(LMPs: CD11b+) and endothelial cell (EMPs: CD62E+) origin. Apart from the constricted
valve orifice groups were similar. PMPs were increased in AVS patients and their number
correlated with valvular shear stress. Monocytes were activated in AVS patients, an
observation that was also reflected by increased numbers of LMPs and by the detection of
PMP-monocyte conjugates. Furthermore, EMPs reflecting the activation of endothelial cells
but also conferring systemic inflammatory activity were increased in AVS patients and
correlated with the number of activated monocytes. In conclusion, we showed that AVS is
accompanied by increased levels of microparticles and that shear stress can induce the
formation of microparticles. Based on our results and histological findings of other
investigators the speculation that shear stress related to AVS induces a vicious circle
including the generation of PMPs, the subsequent activation of monocytes and LMPs and
finally the activation of endothelial cells contributing to the progress of AVS appears to be

justified.

Recently alongside others we have introduced a novel computer-assisted videodensitometric
method for the quantitative assessment of the angiographic “blush” appearance in AMI. We
have characterized myocardial perfusion by the ratio of maximal density and the time to
reach maximum density of the time—density curves in regions of interest on X-ray coronary
angiograms. Although well documented in AMI, literature on possibility of interpretation in
non-acute coronary syndrome settings is limited. In the second study comprising this thesis
we set out to establish the potential use of this method in non-ACS patients (for example in
AVYS) by evaluating its relationship to the previous golden standard angiographic method of
TFC in patients free of significant coronary artery disease. Significant correlations could be
demonstrated between computerized videodensitometric myocardial blush parameters and

quantitative coronary angiographic TFCs. For further validation of this method additional
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studies are warranted in comparison with established non-angiography-based imaging
modalities.

The third study presented in thesis was performed to further verify myocardial perfusion
abnormalities present in severe AVS patients. For this purpose we measured Gmax/ Tmax Values
indicative of myocardial perfusion by computer-assisted, myocardium selective
videodensitometry in 20 AVS patients and 30 control patients. Significant epicardial stenosis
was ruled out during coronary angiography in both groups. We hypothesized that
pathophysilogical alterations led by an increment in left ventricular mass and generalized
microvascular dysfunction would lead to a slower and less intense penetration of contrast
material as quantitatively measured by Guax/Tmax, Indeed mean Guax/ Tmax Values indicative of
global myocardial perfusion were significantly lower in the AVS group then in the control
group. In conclusion reduced Gmax/Tmax Values indicative of impaired myocardial perfusion as
measured by densitometry on coronary angiograms could be demonstrated in AS compared to

normal controls.

CONCLUSIONS (NEW OBSERVATIONS)

% Severe AVS is accompanied by increased levels of circulating microparticles and

monocyte activation.
¢+ Shear stress induces the formation of microparticles both in vitro and in AVS in vivo.

¢+ Based on our results and histological findings of other investigators a novel hypothesis
may be formed that shear stress related to AVS induces a vicious circle including the
generation of platelet microparticles, the subsequent activation of monocytes and
leukocyte microparticles and finally the activation of endothelial cells contributing to the

progress of aortic valve stenosis

« Significant correlations exist between computer-assisted, myocardium selective
videodensitometry-derived parameters and quantitative coronary angiographic TFCs in
patients free of significant epicardial disease indicating possible usefulness of this method

in the non-acute coronary syndrome patient population.

+ Reduced Gmax/Tmax values indicative of impaired myocardial perfusion can be
demonstrated by computer-assisted, myocardium selective videodensitometry on coronary

angiograms in severe AVS compared to normal controls.
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