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Abbreviations

ACS — Acute coronary syndrome

ADP — Adenosine diphosphate

ATP — Adenosine triphosphate

AVP — Arginine vasopressin

CABG - Coronary artery bypass graft

CAD - Coronary artery disease

cAMP - Cyclic adenosine monophosphate
CDC — Center of disease control

CHD - Coronary heart disease

CHF - Congestive heart failure

CKD - Chronic kidney disease

CKF — Chronic kidney failure

CK-MB - Creatinine kinase muscle brain isozyme
CMR - Cardiac magnetic resonance

CP — Catalytic part

CRP — C-reactive protein

CSF — Cerebrospinal fluid

CVD - Cardiovascular disease

CXCL12 - C-X-C motif chemokine 12 (Also known as SDF1)
CXCR4 - C-X-C Motif Chemokine Receptor 4
DAMP — Damage associated molecular pattern molecule
DAPT — Dual antiplatelet therapy

DUB - Deubiquitinating enzyme

ECG - Electrocardiogram

ELISA - Enzyme linked immunosorbent assay
ESR — Erythrocyte sedimentation rate

ER - Emergency

HBD3 - Beta-defensin-3

HIV- Human immunodeficiency virus

Hs-cTt — High sensitivity cardiac troponin test
HMGBI1 - High mobility group box 1 protein

IVUS - Intravascular ultrasound



kDa — Kilodalton

Kt/V - K-dialyzer clearance of urea, t-dialysis time, V-volume of
distribution of urea, measurement of adequacy of dialysis
MI - Myocardial infarction

MIF - Migration inhibitory factor

MINOCA - Myocardial infarction without occlusion of the coronary
arteries

PCI — Percutaneous coronary intervention

PE — Pulmonary embolism

RF — Rheumatoid factor

RP — Regulatory part

SDF1 — Stromal derived factor 1 (Also known as CXCL12)
SPECT - Single photon emission tomography

STEMI - ST segment myocardial infarction

SOB - shortens of breath

TEC - Transthoracic echocardiography

TnC — Troponin C

Tnl — Troponin I

TnT - Troponin T

TRF - time-resolved fluorometry

UA - Unstable angina

UB - Ubiquitin

UPS — Ubiquitin proteasome system

US - Ultrasound
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Tasks and porpoise of our research

Despite the high diagnostic value of ¢Tn in MI, increased cTn levels are
known in patients with Myocarditis and Chronic CKF. Patients with CKF
have increased levels of creatine kinase-myoglobin binding protein
(CKMB) and cTn. ECG can be normal or inconclusive in ischemia and MI
partially due to electrolyte abnormalities in CKF. Time of diagnosis and
treatment determines the outcome of MI. Therefore, it’s the porpoise of
our research to help decrease morbidity and mortality in
undiagnosed/silent cases of myocardial infarction. To accomplish that,
our tasks are to study UB, CXCR4 and SDF1 proteins as alternative
markers in MI cases, where the standard markers are useless or
inconclusive. For that porpoise we needed to compare the effectiveness of
the before-mentioned proteins with classic gold-standard markers in
controlled situations where the diagnosis (MI or No Damage), levels of
troponin, cardiac artery occlusion levels, etc. were already known. 120
(60 healthy and 60 MI) patients were chosen to see how our proteins of
interest would work as markers of disease/healthy states. Patients with
UA were excluded from the experiment as troponin levels are normal in
UA despite significant sichemia. Also, patients with CKD regardless of the
diagnosis were excluded from the study as they might have had baseline
elevations of troponins. UB, SDF1 and CXCR4 protein levels of proteins
were measured by ELISA test and further statistical analyses conducted to
determine effectiveness of proteins as alternative markers of MI. Patients
were divided into MI and NoDamage groups and all three proteins
showed statistically significant difference between groups and being
higher concentration in MI groups. MI and NoDamage groups were
divided by sex. The important differences between groups were shown in
male patients, while no statistically significant difference for UB, CXCR4

and SDF1 was observed in female group, leading to a conclusion that
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previous difference in MI/NoDamage groups without gender was due to
male group. When MI patients were divided into STEMI and NSTEMI
groups and compared to NoDamage group only UB was statistically
different for STEMI/NoDamage and NSTEMI/NoDamage comparison
while for CXCR4 and SDF1 difference was observed in STEMI/NoDamage
group. ROC was constructed for the proteins of interest to test their
usefulness as MI markers. The initial results were confirmed showing UB
having high AUC for STEMI and NSTEMI, while CXCR4 and SDF1 had
acceptable results for STEMI only having unacceptably high FP results in
NSTEMI groups. Although the research was limited by the small number
of test subjects and further studies are required to evaluate the value of
these proteins as alternative MI markers, the data shows the high

potential for UB as alternative troponin marker in complicated MI cases.

Introduction

MI is one of the most common causes of morbidity and mortality around
the world. According to the CDC 2019 statistical report the heart disease
is still number one cause among the top 10 death causes in United States
(1). Introduction of coronary artery stenting and CABG has decreased the
morbidity and mortality MI still causes millions of deaths. The most
challenging step in treating MI is the time. Time is essential to prevent or
minimize the necrosis of the myocardial cells that in turn will prevent
mortality and morbidity (e.g. heart failure, mitral valve regurgitation,
myocardial wall rupture etc.) As the diagnosis of MI may seem relatively
easy considering the specific clinical symptoms associated with it,
existence of portable ECG machines which allow for paramedics ECG
taking on site, Troponin tests that can detect early myocyte damage, and
the cardiac US that can show cardiac wall akinesia there are a lot of MI
cases that don’t follow the “Classic” presentation. Dull crushing sternal
pain can often not be felt in patients with long lasting diabetes because of
the damage to the sensory nerves, or pain can be felt as positional
mimicking isolated pericarditis in patients with STEMI complicated with
pericarditis. Not all MI can be seen on ECG for example posterior wall

MI. And not always is myocardial damage or death associated with visible
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akinesia of the ventricular wall on cardiac US. Finally the troponin which
will be the main focus of our future study along with UB, CXCR4 and
SDF1 can be elevated in conditions other than MI. Firstly the recurrent
MI occurring several hours to several days after the first one renders
troponin useless as the troponin levels stay elevated in blood for 7 to 14
day (2). Troponin can also become elevated during myocarditis, after
cardiac defibrillation, CABG and coronary stenting, acute heart failure,
PE further complicating the diagnosis of acute MI. Chronically elevated
troponin levels occur in patients with severe renal dysfunction and can be
especially confusing for cardiologists and ER doctors when a patient
presents with chronically elevated troponin levels and mild MI symptoms
as in diabetic patients (3). The “false” elevation of troponin can lead to
late or non-diagnosis of MI in case of CKF or incorrect diagnosis of MI in
case of PE. This leads to increased morbidity and mortality. In some
instances CK-MB protein testing can be used. Nowadays CK-MB is
replaced by Troponin as it showed superior results in detecting early MI
and studies exposed that about 10% of the patients with acute MI were
sent home from ER during the time when CK-MB was still widely used as
a test marker. The use of CK-MB is especially effective in patients with
recurrent MI that occurred hours to days after the first one. Because the
plasma concentration of CK-MB peaks at 12 and begins to fall after 24
hours. However, CK-MB has its own limitations. It can be falsely elevated
in severely ill patients with cancer or rhabdomyolysis, and like troponin
is chronically elevated in patients with CKF (4, 5, 6). This small but just as
important subset of patients especially CKF patients having MI with
minor confusing symptoms Troponin and CK-MB are not very predictive.
For this group clearly other markers for early detection of myocyte
damage should be looked for to minimize the misdiagnosis, treatment
time and of course mortality. Measuring the levels of UB CXCR4 and
SDF1 in serum may prove helpful in detecting myocardial damage in
situations when Troponin and CK-MB are not predictive and clinical

symptoms are confusing.



UB is a small globular protein that plays a role in huge number of cellular
and extra-cellular processes including protein degradation, repair of
damaged DNA, cell movement and immunity (7). UB has also
demonstrated a role in various cardiac diseases including ischemia and
MI. For a long time, UPS was considered to play an essential role in
cardiac remodeling and several experimental models showed cardio
protection after inhibiting the UPS. But another experiment showed the
exogenous UB to decrease heart damage in ischemia-reperfusion injury in
MI after stenting or CABG (8,9). SDF1 and its membrane receptor CXCR4
have long been studied in human MI and laboratory MI models. SDF1
levels often rise after MI and it promotes the mobilization of bone
marrow stem cells to the damaged myocardium (10). In addition, artificial
upregulation of SDF1 levels in rats with MI showed better engraftment of
bone marrow stem cell in the damaged myocardial tissue and hence
better cardiac function (10, 11). SDF1 and UB both are the ligands for
CXCR4 receptor. UB binding to the CXCR4 promotes similar effects as
SDF1 (Chemotaxis, Ca*? mobilization etc.). Although they appear to
interact with different CXCR4 regions. SDF1 interacts with N-terminal
region of CXCR4 and extracellular loops 2 and 3 while UB only interacts
with loops (12). Considering all these factors these proteins could serve as
a potential marker for detection of myocardial injury when testing is

complicated by other traditional means.

We decided to measure the levels of UB CXCR4 and SDF1 in healthy and
MI patients, compare their levels in this groups and compare their
correlation with each other (since they are in a receptor ligand
relationship) and troponin. In the conducted trial we had 60 patients with
no ischemia (30 males and 30 females), 25 patients with NSTEMI (15
males and 10 females) and 35 patients with STEMI (20 males and 15
females). Patients who had UA demonstrated by cardiac specific pain or
other symptoms, ECG, cardiac ultrasound, negative Tnl and
hemodynamically significant ischemia on coronarography that required
stenting were not included in this experiment as we wanted to compare

the diagnostic effectiveness of the before-mentioned proteins compared
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to Troponin for future diagnostic use where Troponin is constantly
elevated (Specifically CKF patients with MI) and Troponin is not elevated
in UA. Also, patients with CKD regardless of the diagnosis were excluded
from the study as they might have had baseline elevations of troponins.
All the patients were admitted to the same hospital with chest pain
suggestive of ACS. The age, gender and the associated diseases of all
patients are known. All of them had ECG done during the pain episodes,
cardiac ultrasound was performed and serum Tnl was measured with
AQT90 method described below. The Elisa test of the UB, SDF1 and
CXCR4 proteins was performed on the same serum samples used to
measure Tnl. Finally, coronarography for all the patients serving as a gold
standard to diagnose coronary artery ischemia helped us exclude patients
that had increased levels of Tnl because of reasons other than MI (for
example myocarditis). STEMI and NSTEMI are both diseases caused by
coronary artery occlusion, subsequent ischemia, damage and necrosis of
the heart muscle. These distinct diagnoses have slightly different
treatment protocols in clinical medicine (especially time for allowable
delay from diagnosis to coronarography table). Troponin increase above
the 99 percentile is considered MI both for troponin T and Troponin I
and the numbers above mostly do not play a role for MI diagnosis in
medicine. Tnl, UB, SDF1 and CXCR4 concentrations were compared to
define any significant numerical correlation or regression. In addition,
being in a receptor ligand relationship the correlation of UB, CXCR4 and
SDF1 was checked to determine positive/negative interdependency in
healthy and diseased states. Last but not least we did the ROC test and
constructed the AUC curve for UB, CXCR4, SDF1 and Troponin to
understand the effectiveness of all three proteins as MI marker test in

comparison to the gold standard Troponin.

The statistically significant differences were shown for all studied
proteins in STEMI group and concentrations were higher in MI group

compared to NoDamage group.

When we divided the MI and NoDamage patients according to sex. UB
and SDF1 were statistically different in male MI and NoDamage groups,
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while CXCR4 was on the level of statistical significance. For females no

difference was observed far all three proteins.

When the patient groups were divided into STEMI, NSTEMI and
NoDamage groups UB proved and excellent marker for MI showing the
statistically important difference between NoDamage/STEMI and
NoDamage/NSTEMI groups. As for CXCR4 and SDF1 the difference was
shown for NoDamage/STEMI groups only.

ROC curves showed sensitivity of test for UB 89% (STEMI) and 90%
(NSTEMI), while for CXCR4 and SDF1 about 80% (STEMI) and about
50% (NSTEMI).

As our research was limited due to relatively low number of patients
further studies are required to understand the effectiveness of UB, CXCR4

and SDF1 as alternative markers for MI.

Literature Survey

Acute coronary syndrome, Myocardial infarction, Unstable angina
ACS is a broad compilation of symptoms that can range from mild pain in
the chest to the cardiogenic shock or hemodynamic instability or the pain
can be totally gone by the time patient arrives to the clinic. The starting
symptom of the ACS is usually tight crushing pain in the left chest or
retrosternal area or it can be a symptom equivalent to chest pain like SOB
or left shoulder pain. On ECG ACS can be divided into two types:
Persistent (>20 minute) ST segment elevation ACS which almost always
transforms into STEMI as persistent ischemia damages the myocytes. And
non-persistent ST segment ACS, where there can be a short-time (<20
minutes) elevation of segment, depression of the ST segment or the ECG
can be normal. This can in turn progress to the NSTEMI if the damage to
myocytes occurs or become the UA if the ischemia is present but not
enough to damage the myocytes. Although all three STEMI, NSTEMI and
UA require revascularization the separate diagnosis of all of them is still
important for practicing clinicians. First STEMI always requires
immediate revascularization and if it’s not available than thrombolysis,
while NSTEMI and UA should be revascularized immediately if available
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but if not, thrombolysis therapy is not indicated and delayed
revascularization considered (up to 72 hours depending on symptoms).
Also, while UA has less mortality and morbidity compared to the STEMI
and NSTEMI, patients with UA appear to get less benefit from antiplatelet
and revascularization therapy (13,14,15,16).

13



Epidemiology of Myocardial Infarction

CVD is a group of diseases that involves both the heart and blood vessels.
It includes CAD that itself includes the CHD and MI. MI being the most
common end outcome of CAD and the most common cause of mortality
as well. The incidence of MI varies vastly among the world as does the MI
mortality. For example, 25-30% of deaths in US still occur because of MI
while the numbers are 3 times lower in Japan and in south-east Asia the
mortality is 80%. That being said MI is still number one cause of
mortality worldwide. The decrease in morbidity and mortality of MI in
different countries is attributable to the modifiable risk factors (Discussed
below) that account for about 90% of all risk factors and of course better
treatment options such as coronary artery stenting and CABG. Health
promotion and healthy life-style awareness in Western Europe has
decreases both the MI and mortality significantly while the MI cases still
continued to increase in Eastern Europe even in early 2000s. Analysis of
2000 - 2017 in US have even found statistically significant difference in
MI incidence and mortality after diagnosis in different states. And in
china despite the development of medical facilities and focus of Chinese
health system on education and prevention of MI risk factors the MI cases
continue to increase. The regional difference of MI incidence is mostly
attributed to the lifestyle change and modifiable risk factors but ethnicity,
age and sex also play a partial role. The MI is about 3 times more
prevalent in males than in females. This is being especially evident in
young <45 y/o populations. The sex difference of MI and MI mortality
begins to decrease at about age 60 and becomes almost the same at the age
75. Ethnicity apparently plays a role in MI as the prevalence of MI among
black population is higher than white population in US, while the Latino
population has the lowest MI incidence of the three groups. According to
the different health organizations the CVD and MI is only going to
increase in the future years and the best way to counter this phenomenon
is to educate the population to change the modifiable risk factors leading
to MI (17-21).
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Risk factors leading to MI

There is not a single risk factor that can cause the MI/CAD, rather it’s
always a combination of factors that ultimately leads to MI. Some risk
factors such as age, gender, family history and race are non-modifiable.
But luckily a lot of others are partially or totally modifiable and that can
account from 80 to 95% of all the risk factors in a given patient. The risk
prevention can be primary when a patient without MI can change the
lifestyle to prevent it in the future or secondary when a patient who
already had the MI is advised to have a healthy lifestyle to minimize the
MI complications and chances of future MI recurrence. One of the
famous MI risk calculations is a Framingham risk calculation that
determines the 10-year risk of MI in patients and allows the doctor to
choose the appropriate treatment and lifestyle regiment. The study takes
its name after a small town in US where the first CAD risk study was
done after the death of president Roosevelt and now a third-generation
study is done in the same town to further improve our understanding of
the CVD risks. The major risk factors that can be partially or totally
prevented with lifestyle or medications include but are not limited to:
hypertension, diabetes, obesity, sedentary life, smoking. Modifying this
risks can significantly reduce or even prevent MI risks in patients. The
data from Nurses Health Study showed that weight, diet, exercise,
smoking stopping and moderate drinking reduced the risk factors by 84%.
Yet only 3% of women adhered to that regimen. That indicates that the
health care system around the world needs to be rethought and modified

to educate patients and raise the CAD risk awareness (22-27).

Diagnosis and clinical presentation of MI and ACS

Diagnosis of ACS may seem easy considering the typical symptoms and
lots of diagnostic tools and cardiac markers at our disposal (Described
below), but just as patients are different from each other by age, sex,
weight, height, race, comorbidities, and even pain tolerance (the same
intensity of pain can be described as 5 out of 10 by one and 9 out of 10 by
another patient), just the same clinical presentation and diagnostic

analysis data can vary from patient to patient. IN ACS typical crushing
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sternal pain in one patient can be manifested as a fatigue only in another,
or a patient with MI can have a “normal” ECG while another one without
MI can have a typical ST segment elevation (So called “frozen” elevations
present during left ventricular aneurism). Most often the typical
symptoms and signs are present in males and younger patients while the
atypical ones are often present in women, older patients and patients
with diabetes or CKF. A physician should suspect ACS based on
symptoms, diagnostic tools, cardiac markers and last but not least risk
factors of the patient such as family history past medical history, CVD
risk factors etc. No one tool or symptom can diagnose the MI as it is
defined as increase of cardiac troponins above the 99* percentile and at
least one of these: new changes on ECG indicative of ischemia, symptoms
of ischemia, imaging loss of mobility of myocardial wall, or occlusion of
the coronary artery detected by coronarography (13). As seen from the
above only a skilled and experienced doctor can diagnose and
consequently mange the MI especially in the atypical cases which

constitute a significant percentage of patients going to the ER with ACS.

Clinical presentation of ACS/MI is quite variable. The most common and
typical symptoms are crushing retrosternal pain, left jaw/arm or shoulder
pain. However, the pain can be present in the right shoulder or between
the scapula and is often accompanied by fear, sweating, nausea, vomiting.
More isolated and thus atypical symptoms can be syncope, fatigue,
dyspnea or they can be present together with the typical ones. Even the
“classic” decrease or total alleviation of pain by nitroglycerin cannot be
100% diagnostic of ACS as nitrates can relief other chest pains (like
esophageal spasm). Men and younger patients usually get the typical
symptoms while women, older patients and patients with long lasting
diabetes mellitus or CKD usually have the atypical ones. Family history,
past history of MI, atherosclerosis, CAD, smoking etc. can vastly aid in
the diagnosis of ACS. Such taking a little time to take a complete patient
history can be important (28-32).
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ECG

Although the ECG has been around for more than 150 years it is still an
irreplaceable tool in modern medicine. The first ECG from the frog heart
was recorded by C. Matteucci in 1842 and later in 1887 A.Waller
recorded the first human heartbeat. However, it is W. Einthoven that is
considered the father of modern ECG (The term he used first that we use
nowadays) because he is the one who mathematically corrected the
recorded waves for better comprehension, gave them their corresponding
names (P, Q, R, S, T) and developed the concept of Einthoven’s triangle.
For those achievements he was awarded a noble prize in 1924 three years
before his death (33,34).

ECG is used to help detect a wide range of cardiac anomalies:
arrhythmias, hypertrophy of the heart chambers, heart blocks,
conduction defects, pericarditis, and of course the ischemia and MI.
Before we discuss the electrical changes on ECG during ischemia it
should be mentioned that ECG is never used as a separate tool to diagnose
any cardiac disease. Separate ECG finding for example even as obvious as
ST segment elevation can indicate MI or a persistent aneurism of the
ventricular wall and without further exam can be inconclusive. Rather
the ECG is used by a skilled physician in combination with symptoms,

risk factors, other diagnostic tests etc. to find the appropriate diagnosis.

The earliest sign of ischemia on ECG are Peaked T waves but they are
usually not seen in clinical settings as they disappear in minutes after the
start of ischemia. Most commonly detected changes during ACS are ST
segment elevations or depressions which last from minutes to hours after
the start of ischemia. ST segment depressions occur when ischemia occurs
in the subendocardial part of the heart and does not spread through the
whole thickness of the wall. This can be a UA when there is no necrosis
of the myocytes (Troponin negative) or NSTEMI when the necrosis is
present (Troponin positive). Persistent ST segment elevations occur when
ischemia spreads through the whole thickness of the heart walls and if
(usually is) accompanied by myocyte necrosis is termed STEMI. Later

changes on ECG are loss of R wave that happens over hours to days and
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persistent Q waves and inverted T waves that happen days after the MI.
We will not focus on these changes as they occur late in the MI when
necrosis of the cardiac cells already took place and treatment (Stenting,
CABG) have very limited or no benefit to the patient. And last but not
least the cheap, fast and noninvasive nature of ECG makes it invaluable

tool in medicine for the foreseeable future (35-42).

Cardiac biomarkers

The most widely used and the most sensitive biomarkers available today
are cardiac troponins but as they are the major part of our research, they
will be discussed in detail in the separate section below. The other
biomarkers that may have value in MI are CK-MB, myosin-binding
protein C, and copeptin and all of them are usually used in combination
with cTns (13).

Copeptin is the 39 amino acid glycopeptide that is part of the AVP
precursor protein (specifically present on the C-terminal side of the
protein). It is stable in the plasma and can function not only as a predictor
of AVP release but also as a predictor in variety of diseases especially the
acute ones like infections (lower respiratory tract disease), MI or stoke
and many others. In case of MI, copeptin showed effectiveness when
measured together with troponin in early admission patients if high-
sensitivity cardiac troponin tests were not available. The use of high-
sensitivity cardiac troponin tests continues to increase worldwide and a
number of clinics already equipped with them are only going to increase.
For these reasons copeptin is very rarely used in clinical settings for the
diagnosis of MI (13, 43-54).

Myosin binding protein C is a protein that is associated with thick
filaments in skeletal and cardiac muscle. Cardiac myosin binding protein
C is an isoform of the protein that consists of eight immunoglobulin-like
domains and three fibronectin-like-domains and is predominantly located
in cardiac muscle. It is a substrate for the cAMP protein kinase and
functions in thick filament structure maintenance and muscle
contraction. Mutations of cardiac myosin binding protein C can lead to

hypertrophic cardiomyopathy. As a marker for MI it is more abundant
18



inside the myocytes and can function as marker of cardiac damage. One
study showed the efficacy of cardiac myosin binding protein C to be
comparable to the high-sensitivity troponin T tests (especially patients
presenting early after symptom onset) but for now the studies and data
done on the subject is very limited and cardiac myosin binding troponin
C is rarely used in hospitals (13, 55-59).

Creatine kinase is a dimeric enzyme that is about 80 000 kDa in weight
consisting of two almost identical monomeric subunits. There are three
major isoforms of Creatine kinase which differ in tissue to tissue
localization and monomer composition. Brain form consists of two B
(from brain) monomers hence the name creatine kinase BB, skeletal
muscle contains the two M (from muscle) monomers creatine kinase MM
and the heart muscle dimer consists of both M and B monomers CK-MB.
This tissue specificity of isomers is the reason CK-MB is used in MI
diagnosis about which we will talk below. Creatine kinase catalyzes
formation of phosphocreatine a high-energy molecule that can quickly
transfer the high-energy phosphate bond to the ADP creating the ATP.
Since the number of ATP and ADP molecules in the cell is limited this
allows additional storage of high energy molecules in the cell and quick
replenishing of the ATP when needed (60-65).

CK-MB levels in plasma and creatine kinase index were used to detect
cardiac damage. The mechanism behind those tests was that during
cardiac ischemia and injury creatine kinase would leak out and increase
in the plasma. CK-MB levels were measured separately and the 99*
percentile increase could indicate MI along with other diagnostic or
clinical criteria. In case of creatine kinase index the increased levels of
CK-MB (above 2.5%) compared to total plasma creatine kinase levels
were taken as a cut off values for diagnosis of MI. The new troponin
testing proved more effective by many different clinical trials and made
CK-MB testing almost absolute. It still can be used in periprocedural
coronary artery stenting/CABG MI and some clinicians still use it in early
recurrent MI detection as CK-MB levels rise 4-6 hours after MI, peak at
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12-24 hours and get back to normal in about 2-3 days which is much
faster than troponin levels (66-74).

Finally, like troponin, CK-MB levels are chronically elevated in patients
with CKD and usually cannot be used as a diagnostic marker for MI. The
mechanism behind elevation can be increased half-life of plasma CK-MB
or increased release of creatine kinase from myocytes due to chronic
damage of cardiac cells as patients with CKD are at increased risk for
CVD (75-78).

Non-Invasive imaging

Coronary artery angiography can be used in diagnosis of MI (for example
in MINOCA etc.) but is an invasive imaging and often continues with
coronary artery stenting, thus it will be briefly discussed in the MI

treatment section.

The TEC is an indispensable tool in cardiology and also should be
available in emergency departments. It is noninvasive technique, usually
does not require much time and shows the condition of the heart in real
time. TEC can detect cardiac wall hypokinesia or akinesia suggestive of
ischemia and if the cardiac wall motion abnormalities are not visible
contrast echocardiography can identify heart perfusion abnormalities.
Also, TEC can also help us identify other pathologies that cause chest pain
and can be confused with MI (Dissection of the thoracic aorta, large
pulmonary embolism, pericardial effusion, aortic valve stenosis etc.) Out
of the all noninvasive imaging tools TEC is the most widely used and

present in virtually every clinic with cardiology department (79-84).

CMR can detect cardiac wall motion abnormalities like TEC but can also
assess perfusion problems. Additionally, CMR detects scar tissue and
differentiates between recent and old MI. This allows CMR to be used to
differentiate between MI, Takotsubo and myocarditis making it an
excellent tool for MI diagnosis. Some studies also showed that using CMR
decreased the need for the unnecessary coronary artery angiography in
patients presenting with chest pain. Still TEC is far more widely used in

clinical settings for now (85-91).
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SPECT is the least commonly used of the non-invasive imagine methods
mentioned there. The reason behind this is significant radiation in some
of the SPECT machines and absence of wide availability of 24-hour
service. SPECT can detect myocyte blood delivery defects in resting mode
and rest-stress mode combination further improves the diagnostic value
of SPECT especially in combination with cardiac markers ECG and

clinical presentation (92-95).

Pharmacological and Invasive treatment of MI

Before we start discussion of the pharmacological treatment of MI it
should be mentioned that dosing of the MI medications and special
situations (e.g. prosthetic valve in a patient with MI) are not discussed
here as they are beyond the topic of our research. For more information

about these situations see the references bellow.

Not so long ago the only treatment for MI was pharmacological and no
invasive procedures likes stenting or CABG were developed which
resulted in a significantly higher morbidity and mortality for MI and
increased risk for post-MI complications. Medications are mandatory in
MI treatment and when used according to the guidelines significantly

decrease ischemia and thrombotic complications.

Some treatment like oxygen can be administrated in the ambulance even
before arriving to the hospital. Similarly, opioids such as morphine are
often administered in the ambulance as they are a first choice for pain
relief in both STEMI and NSTEMI. Sometimes benzodiazepines can be

used to relieve the anxiety and calm the patients.

The most important medications for MI are anticoagulants and
antiplatelet medications. But their ability to counter the ischemia can be
complicated by hemorrhage and the role of the skilled doctor is to find
the golden middle so the benefits outweigh the risks. This should include
the detailed clinical history including history of hemorrhage,
medications, comorbid conditions etc. Heparin is the anticoagulant of
choice and should be started as soon as possible in hospital and

enoxaparin should be considered in a patient with increased risk of
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bleeding. Antiplatelet medications are a must even if there is no PCI is
planned and a must if the PCI is planned as periprocedural treatment.
Aspirin invented more than 100 years ago is still a widely used
medication in cardiology and is usually used in combination with another

antiplatelet medications (Prasugrel, Ticagrelor or Clopidogrel).

And the last but not least are the nitrates and beta-blockers. Nitrates
intravenous or sublingual are effective in controlling the symptoms and
sometimes resolving the ST depressions characteristic of ischemia on
ECG. Beta-blockers decrease the oxygen use by the heart by decreasing
the heart rate, contraction and blood pressure. However, beta-blockers
can have side effects in the patients with ongoing comorbidities like
asthma, COPD and early use of them during the hospital admission is not

recommended.

The drugs listed above along with others are a cornerstone of MI
treatment and are probably there to stay in the near future (13, 14, 96-
105).

The coronary angiography which is an invasive diagnostic procedure can
be used either to confirm the suspected artery lesion or not. To further
increase the diagnostic value of coronary angiography it can be used with
IVUS which have been shown to increase the -effectiveness of
angiography. If the suspected artery lesion is confirmed angiography can
either continue as PCI or CABG can be scheduled depending on the
patient’s risk factors. If not other reasons for myocardial injury should be
investigated. Being an excellent tool for diagnosis of MI coronary
angiography is an invasive procedure and has a risk of complications
(bleeding, coronary artery dissection etc.) and should not be performed

indiscriminately in all patients.

PCI is a procedure where the closed metal stent is inserted into the
coronary arteries and inflated with the balloon to open the closed artery
and stop the ischemia. The stent will stay inside the coronary arteries and
eventually be covered by new endothelium while the DAPT will reduce
the risk of stent thrombosis. While used in both STEMI and NSTEMI the
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treatment protocols for PCI still vary. In STEMI immediate invasive
strategy (<2 hours) is always used while in NSTEMI depending on the
clinical scenario immediate invasive, early invasive (<24 hours) or even

selective invasive (>24 hours) strategies can be used.

CABG or coronary artery bypass graft is an open-heart surgery where the
patient’s own veins or arteries (or both) are attached to the aorta and the
coronary arteries thus creating the alternative blood supply channel to
the heart bypassing the occluded areas. While 80 to 90% of all invasive
treatment in MIs is PCI the rest is still CABG. The method of treatment is
chosen depending on clinical and anatomical characteristics of the
patient, multi-vessel lesions, severely reduced (<40%) left ventricle
ejection fraction, left coronary artery occlusion, diabetes and

contraindications to DAPT being in favor of CABG.

In conclusion to treatment both pharmacological and invasive ones have
drastically decreased mortality and improved the quality of life for
millions of patients (106-118, 13, 14).

Mechanism of troponin release during myocardial injury

Troponin is a 46 to 52 kDa protein that is essential for striated muscle
contraction regulation. Troponin is actually a complex of three different
proteins present in the cytoplasm of both cardiac and skeletal muscles.
The three subunits TnT, Tnl and TnC. TnC is a 18kDa protein consisting
of two globular subunits bound together by a hydrophobic peptide chain.
TnC was named after Calcium as its role is to sense the calcium
concentrations, bind Calcium ions when high and induce the
conformational change in Tnl. Tnl is a 210 amino acid peptide
approximately 24kDa consisting of four alpha helixes connected by short
peptide loops. Tnl is attached to actin contained in thin filaments of the
muscle (discussed below) and holds tropomyosin-actin complex together
in resting muscle. TnT is the largest of the three subunits and its
molecular weight is 36 kDa. It attaches to the tropomyosin thus the
troponin complex serves as a clamp keeping actin-tropomyosin complex
together. Despite being present in both cardiac and skeletal muscle

cardiac and skeletal troponins are not identical. While the TnC is
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identical in both muscles there are separate cardiac and skeletal isoforms
of TnT and Tnl which can be differentiated by specific tests. This makes

troponin an excellent marker for detection of cardiac injury (119-124).

Cardiac troponin levels are essential for the diagnosis of MI and other
causes of myocardial injury, but understanding the mechanisms of
troponin relocation from myocytes to plasma may be important in further
advancing the diagnostic techniques. First it should be mentioned that
abnormal increase in troponin levels is considered when the increase is
above the 99% percentile of the normal troponin levels. (The 99
percentile number varies depending on the troponin type and the test
used) This means that cardiac troponins are normally present in blood but
in lower levels compared to cardiac injury. Two hypothesis state that low
troponin levels are either a result of constant leaking of troponins from

healthy cardiac cells or a result of normal apoptosis/renewal cycle of the
heart. (Or both)

The mechanism of troponin release from myocytes in MI is simple.
Ischemia of the heart causes decreased oxygen delivery to the heart and
eventually damage of myocytes and necrosis. Necrotic cells disintegrate
and release cytoplasmic proteins including troponin. The mechanism is
supported by observation that the troponin release after MI is biphasic.
The first peak occurs 10-20 hours after MI while the second on about 80
hours later. This occurs because about 2-6% of the troponins are in a free
form in the cytosol of myocytes and are released immediately, while the
rest are attached to the contractile fibrils and are released only after
disintegration of the sarcomere. Because of this model mentioned above
the increase of plasma troponins in blood was always thought to be
associated with necrosis of cardiac cell. While still considered true for MI
this model does not explain the troponin rise in many other cardiac

conditions and several other models have been proposed.

First in the short-term ischemia (that can be induced experimentally or
by strenuous exercise) there was an increase in plasma troponin levels but
no cardiac necrosis was demonstrated, indicating the injury was

reversible. It was proposed that the injured myocytes produced blebs in
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the plasma membrane that contained various proteins including (free
cytoplasmic) troponins. These blebs ruptured and released troponin into
the blood leading to troponin increase without irreversible cardiac injury.
This model is supported by the observations that during strenuous
exercise or short-term ischemia the troponin increase has only one peak
(10-20 hours) and probably no second peak occurs because there is no

necrosis and disintegration of the sarcomere.

The increased release of troponins is also seen in patients with increased
myocyte stretching in CHF. The mechanism of this is poorly understood
but probably involves integrins, the transmembrane proteins connecting
cytoplasm to the extracellular matrix. Integrins are shown to stimulate
myocyte stretching in CHF and in one model where cardiac integrin
levels were upregulated in vitro myocyte the levels of released troponins
were much higher compared to the control myocytes with normal

integrin levels.

Increased troponin levels in other diseases such as pulmonary emboli,
sepsis, chemotherapy can be caused by one of the above models, their

combination or some entirely different mechanisms (125-134).

Troponins as markers for MI

Troponins have been used as a marker for MI for more than 30 years. The
first use of troponin as an MI marker was suggested in 1990 and European
Society of Cardiology recommended it as the number one MI marker in
2000. Thus, a lot of cardiac troponin tests were developed. The tests are
usually designed to show as positive when the concentration of Troponin
is above the 99" percentile. American heart association and European
society of cardiology together suggested the use of 99" percentile of
troponin levels as a cut off for diagnosis of MI. It should be taken in
consideration that the cut of value is established by individual test makers
and should be the one described in the test instructions as absolute
numbers of troponin (especially Tnl) can vary from test to test. Hs-cTt
being very helpful are but a tool in hands of a doctor and only help in
establishing diagnosis. For example, negative test can suggest another

reason for chest pain while a positive test can also occur in myocarditis or
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CKD. This shows that even hs-cTt is an excellent tool, the human factor

continues to play a dominant role in the foreseeable future (135-143).

Troponins in patients with CKD

CKD is divided into 5 stages 1 through 5 with decreasing level of
glomerular filtration rate and severity respectively. There when we
mention CKD, we mean stage 3 through 5. CKD is a serious medical
condition on its own and can be caused by a variety of conditions.
Patients with CKD have an increased risk of CAD and MI. This stems
from decreased immunity, increased endothelial damage, accelerated
atherosclerosis, inflammation, progressive coronary artery calcification
probably occurring because of toxic effects of uremia. In fact, about 50%
of patients with advanced CKD die of cardiovascular causes and this

number only continues to increase.

To make matters worse MI clinical presentation can be atypical in CKD
patients, often being totally clinically silent. Even other diagnostic tools
such as ECG can be inconclusive because of altered electrolyte balance
further complicating the diagnosis. Both STEMI and NSTEMI can have an

atypical presentation in CKD but silent NSTEMI is more common.

cTns are also chronically increased in majority of patients with CKD and
the increased levels do not directly correlate with the stage of CKD.
There is no one factor for troponin increase in these patients, rather a
combination of decreased renal clearance of troponin, cardiac injury,
silent myocardial necrosis and microinfarctions associated with abnormal
perfusion and endothelial dysfunction are thought to play a role in
chronically increased troponin levels. In one study, a coronarography was
performed in 100 patients with CKD, typical chest pain and abnormal
troponin levels. Only approximately 50% had coronary artery occlusions
while the rest were normal. More ever several different studies showed
that patients with CKD and MI are less likely to receive coronary artery
angiography than patients with only MI.

Obviously typically presenting MIs with classical symptoms, ECG

changes, severely elevated troponin levels or distinctly visible akinesia on
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cardiac ultrasound are easy to diagnose even in CKD patients.
Unfortunately, this is often not the case and MIs can be overlooked,

increasing the mortality in already ill patients.

Several options have been proposed. Increasing the cut off value for
troponin has been suggested. Unfortunately, the cut off value for CKD
patients is hard to establish as elevated troponin levels vary from patient
to patient, not directly correlate with the severity of the disease, can
fluctuate if the patient is on dialysis and no guidelines have been released
in spite of the problem being recognized for many years. Same difficulties
can occur if baseline elevated troponin levels checked in CKD patients to
know their “normal” elevated troponin levels and detect increase in MI.
Additionally, taking blood samples regularly will cause the compliance
problem with the patients. Another option is to measure the increase of
troponins after admission (first check after admission and then after 3
hours). If the levels increase with time this means the MI is more likely.
Unfortunately, the stable level of increased troponin does not rule out the
MI and delay of treatment for several hours leads to the increased damage
and necrosis of the myocardium. The simple solution would be to do
coronary artery angiography in all patients with high suspicion of MI.
Unfortunately, angiography is an invasive procedure and carries the risk
of complications plus the contrast injected is nephrotoxic. CKD patients
are more vulnerable to angiography complications like bleeding or
infection and contrast-induced nephropathy damage can make a CKD
patient from dialysis free to dialysis dependent (13, 14, 136, 144-153).

The situation in the CKD group of patients led us to a conclusion that a
new marker is necessary for the diagnosis of MI. The UB, CXCR4 and
SDF1 proteins could be the answer to the dilemma. The properties and
the reason we chose these proteins for research are described in the

appropriate sections bellow.
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Ubiquitin

The UB is a small 76 amino acid (8.5 kDa) protein. The UB mediated
protein degradation is targeted and selective. It is ATP dependent process
and requires 3 enzymes: E1, E2 and E3. The ubiquitination of the protein
is subject to variation as only single UB molecule can be attached to the
substrate (mono-ubiquitination), several UB molecules can be attached on
different sites of the same protein (multi-mono-ubiquitination) or many
UB proteins can be attached to the first UB molecule creating a UB tail
(poly-ubiquitination).

To make matters more complicated not all ubiquitinated proteins are
degraded, for example mono-ubiquitinated histones functions in
transcription while poly-ubiquitinated ones can be a target for
degradation. Both these facts and the existence of multiple E2 and E3
families makes the job of putting down the exact detailed map of UB

protein degradation extremely difficult.

UB function is by no means limited to the protein degradation, the term
being everywhere an also be applied to the functions of UB in eukaryotic
cells. UB functions in a vast amount of physiologic and pathologic
processes (some described below) including but not limited to: immune
response, DNA repair, transcription, apoptosis, ischemia, cell

proliferation, variety of tumors and cancers, cell signaling (154-158).

Extracellular UB

While UB was initially discovered as an extracellular protein the
discovery of the UB mediated intracellular protein degradation has
shifted the most of the research to examine the intracellular work of UB.
Only relatively recently has focus come back to the actions of
extracellular UB as possible diagnostic marker or a target molecule for
treatment. Both mono- and polyubiquitin have been found in blood,
urine, CSF and seminal fluid of healthy individuals. The normal apoptosis
mediated cell turn-over release and release of UB in healthy cells through
blebs have been proposed as the mechanism of extracellular UB.
Moreover, increased levels of UB were shown in CSF (in case of central

nervous diseases) and blood (during burns, tumors etc.) in many
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pathologic conditions. Obviously, the increased levels of UB in diseased
patients can be explained by increased number of damaged/dead cells. But
many independent studies showed that extracellular UB is not just a
passive product of damaged cells but can mediate a number of important
functions. In mice intraperitoneal injection of UB normalized
leucopoiesis after it was inhibited by cyclophosphamide compared to the
control group of mice where only cyclophosphamide was injected. UB
coated defective sperm cells were seen in epididymal fluid and
extracellular UB has been suggested as a controller or correct
spermatogenesis. Also, E1, E2 and proteasome complexes were also found
in the epidydimal fluid that led the authors to suggest that if E3 is also
present the UB-proteasome complex can have a role in sperm maturation
regulation. Extracellular UB has also shown to participate in
immunomodulation, inhibition or induction of apoptosis and probably
many more physiological and pathological mechanisms, opening many
opportunities to research it as a target molecule for treatment and

diagnosis of various conditions (159-163).

UB and CKD

UB concentration can be increased in some patients with CKD, just like
CK-MB and cTn. Elevated UB levels were demonstrated with stage 5
CKD, the latest stage that requires the dialysis. The vast majority of
patients having CKD are in stage 1 through 4 (1 in 7 American adults) and
elevated troponin levels are already present in earlier stages of CKD
(especially stages 3-4). Only mono-ubiquitin levels were significantly
elevated in patients with stage 5 CKD while UB chains were not. It was
shown that patients with adequate hemodialysis treatment (Kt/V >1) had
lower UB levels than patients with inadequate dialysis regime (Kt/V <1).
More ever patients whose Kt/V changed from <1 to >1 showed decrease
in serum UB levels demonstrating a negative correlation between
adequate dialysis and UB levels. Thus patients receiving adequate
hemodialysis 1 or 2 times a week will have normal UB levels and if MI

(with atypical, confusing symptoms) occurs in these patients increased
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UB levels can be accurately used to diagnose acute myocyte damage and
necrosis (162, 164-171).

Extracellular UB as a ligand for CXCR4 and a potential biomarker
for MI

As mentioned before extracellular UB has many physiologic and
pathologic actions. Some of them can be accomplished through its action
on CXCR4. CXCR4 is a chemokine receptor discussed in details later.
SDF1 has long been known to be the CXCR4 ligand but later has been
discovered UB/CXCR4 ligand-receptor relationship. In case of ischemia,
myocardial injury and MI, UB/CXCR4 was shown to increase, stimulate
angiogenesis, inhibit myocyte apoptosis, decrease cardiac remodeling
after ischemia-reperfusion injury, and decrease cardiac inflammatory
response further decreasing the damage. Furthermore, artificially
increased UB levels (either by UB injection or increased UB expression)
showed increased cardioprotective properties compared to controls. All of
this contribute to the decreased area of necrosis in MI, improved heart
function and lesser chance of developing heart failure. All of these data
indicate that UB can serve not only diagnostic tool in MI but as a

therapeutic target in the future (172-181).

The role of both intracellular and extracellular UB in MI is intensively
being studied to understand the role of UB in pathogenesis and possible
therapeutic implications. But the focus of our research is to find out if UB
can be a valid diagnostic marker in MI (along with CXCR4 and SDF1). As
mentioned above extracellular UB levels (blood, CSF) have shown to be
increased in many pathologic conditions, including tumors, burns, stroke
and ACS. Vannucci S. and colleagues demonstrated that after ischemia
was induced only to one side of the brain, the ischemic side demonstrated
significantly increased levels of UB compared to the normal. While the
increase of UB in MI can be partially explained by cell damage and
necrosis Chen and colleagues showed that peripheral inflammatory cells
(monocytes and lymphocytes) of patients with ACS also expressed
increased levels of UB that correlated with the severity of the disease (MI

more than UA). Thus, other mechanisms of extracellular increase of UB
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during MI can be present. Another study showed that extracellular UB
levels were increased in patients with CAD compared to the control
group and the levels of UB positively correlated with the severity of the
CAD (However, the aim of the research was not to investigate the role of
UB as an MI diagnostic marker). We believe that measuring and
analyzing the UB (CXCR4, SDF1) levels in the serum of STEMI, NSTEMI
and healthy groups can greatly aid in diagnosing MI in patients CKD
patients with “falsely” elevated troponin levels (182-184, 160).

CXCR4 and SDF1

SDF1 also known as CXCL12 is a small protein (like all chemokines 7-
14kDa) that is a member of the chemokine family. Chemokines or
chemotactic cytokines promote cell migration and attraction and have

many functions.

SDF1 is unique compared to other chemokines, that it has surprisingly
low number of receptors. Namely CXCR4 and CXCR7. We are going to
discuss the CXCR4/SDF1 interaction, as it is vastly more studied than
CXCR7 and is the topic of interest in our research. CXCR7/SDF1
interaction appears to activate MAP kinases and promote melanocyte
migration. While the CXCR4/SDF1 axis plays a role in regulation of stem
cell trafficking, embryogenesis, tissue and organ regeneration,
vasculogenesis and angiogenesis in hypoxia/ischemia, movement and
retention of hematopoietic cells, cancer progression and possibly in many
more (185-189).

CXCR4 is a classical “serpentine” G-protein coupled receptor. It consists
of 352 amino acids, coded on the second chromosome in humans, has
extracellular N-terminal part, transmembrane, intracellular, extracellular
loop and C-terminal part inside the cell. It is widely expressed in many
different types of cells and larger numbers of CXCR4 are found in
embryonic and cancer cells compared to others. Its canonical ligand is
considered to be SDF1 and another ligand UB we already discussed.
CXCR4 binds to many ligands and we are going to briefly discuss them.
HBD3 appears to promote CXCR4 internalization after binding without

triggering the calcium influx or chemotaxis. CXCR4 can also serve as a
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receptor for external proteins like GP120 of HIV which is important for

internalization of the virus (190-195).

As can be seen CXCR4 has many functions but we will focus on the
CXCR4/SDF1 axis as it is the most studied, have been shown to be
important in MI and coronary artery ischemia that is the focus of our

research.

Serum CXCR4 concentration as a marker for the disease

As the role of CXCR4 in ischemia and MI will be discussed later it is
important to remember that the focus of our research is to test serum
concentrations of CXCR4 for diagnosis of MI. As such we were interested
in the research done before us. To our knowledge while research was
done to measure CXCR4 expression in cardiac myocytes during ischemic
states no research was done to measure serum CXCR4 levels in MI.
However, serum levels of CXCR4 were measured in other pathologic
conditions. For example, CXCR4 was found to be a valuable tumor
marker for pancreatic cancer, both CXCR4 and SDF1 levels were elevated
in blood and synovial fluid of patients with rheumatoid arthritis
compared to healthy controls and they positively correlated with other
classical markers (CRP, RF, ESR). Similarly, both CXCR4 and SDF1 were
elevated in patients with adult-onset Still's disease compared to healthy
controls and they also positively correlated with disease’s markers. In
addition, their levels decreased after resolution of the disease. Two
separate studies found elevated levels of CXCR4 in women with breast
cancer. Another interesting finding occurred in patients with esophageal
cancer where while the SDF1 was elevated in cancer patients compared
to controls, CXCR4 levels were significantly lower in cancer patients
compared to controls. All of these data give us hope that CXCR4 serum
concentrations and its correlation with its ligands can be a valuable

prognostic marker in patients with MI (196-201).
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SDF1/CXCR4 role in MI

Heart muscle is considered as a tissue without regenerative potential. If
part of the cardiac tissue dies it is replaced by scar tissue and heart
contraction ability decreases. The treatment of MI follows these rules; it
is a medical emergency and treatment is aimed to open the occluded
artery as soon as possible to prevent or decrease the necrosis of ischemic
heart cells. However, this can all change in the future. The activation of
the SDF1/CXCR4 axis was shown to decrease the death rate of ischemic
cells, reperfusion injury, cardiac remodeling. It was also shown to
increase angiogenesis, migration of stem cells from the bone marrow to
the injured heart muscle, repair and regeneration. It was shown that
myocytes, endothelial cells and fibroblasts secreted increased amounts of
SDF1 in ischemia and SDF1 levels increased minutes tol hour after MI
peaked at 3 days and returned to baseline in 7 days. The SDF1 positive
effect on cardiac muscle is thought to be mediated trough action on
CXCR4 receptor in damaged cardiac and bone marrow stem cells. It was
shown that after increase in SDF1 stem cells showed increase in CXCR4
expression and actively migrated to the damaged myocardium. Use of
AMD3100 a potent CXCR4 agonist or inhibiting the MAP kinase pathway
(a secondary messenger pathway activated by the CXCR4, SDF1 binding)
diminished the effect. In cases where SDF1 was injected or its expression
artificially enhanced the negative effects of MI were significantly
diminished compared to controls. Considering this data why does not
human heart regenerate in after MI? The answer is time. It is considered
that CXCR4 expression in cells in considerable amounts starts much later
than SDF1, in 1 day and remains elevated for more than two weeks. It is
considered that the time overlap of SDF1 and CXCR4 concentrations in
amounts necessary for regeneration is not long enough. Studies by
M.Penn and colleagues showed that stem cells did not migrate to the
damaged heart in response to SDF1 when harvested after 1 hour but
showed significant increase in migration if harvesting was delayed for 6
hours even though both of them already had CXCR4 on their membranes.
The SDF1 responsiveness and CXCR4 expression of stem cells continued

to increase even after 4 to 7 days of MI, time when SDF1 levels are
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already drastically decreased. This shows that bone marrow stem cells
need longer time to activate and to migrate and adhere to the damaged
site in myocardium, which is limited by short half-life of SDF1. One of
the solutions for this problem is inhibition of a protein called DDP4.
DDP4 is a transmembrane protease of the S9B protease family that is
involved in proteolysis of many different proteins including SDFI1. In
vitro pretreatment of donor cells in mice or in vivo inhibition of DDP4
has shown to increase engraftment of CD34+ graft cells. Similar results
were shown in lung transplant models. All of these research gives us a
careful hope that in the near future MI morbidity and mortality will be
further decreased (202-208).

We also would like to focus the attention on the fact that SDF1 plasma
concentrations begin to increase minutes after ischemia. Measuring SDF1
levels in patients with MI could provide us with the excellent new
marker for STEMI, NSTEMI in cases where troponin levels are

chronically elevated.

Medical histories of the selected patients
1 Patient Birthyear - 1952

ICD 10 Main probable diagnosis

I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension grade III (ESH/ESC) I 67.4 — Hypertensive
encepalophaty I 83.9 — Varicose disease of the lower limbs without ulcers

and complications.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior

descending artery — without any hemodinamicaly significant stenosis.
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Diagonal branches no visible stenosis. Circumflex artery — no visible
stenosis. Right coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Ischemic stroke in 2018.

ECG - Sinus rhythm, QRS axis of the heart normal, no acute ischemic

changes are visible.

LVEDv - 52 mm |LVESd - 37 mm [FS—-27 % [IVS - 12 mm [PW - 11 mm

LVEDV - 129 ml [LVESV -58 ml [EF —55 % |[LA — 40 mm [RV -37 mm

[VC - 13 mm > 50 % colapses

Conclussion — Mild dilatation of the left atrium. Systolic function normal
EF — 55 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, normal. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP normal. Inferior vena cava

collapses > 50 %. Pericardial cavity normal.
Cardiac Troponin I 0.021

2 Patient Birthyear - 1948

ICD 10 Main probable diagnosis

I120.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension grade III (ESH/ESC)

Coronary artery angiography
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FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches no visible stenosis. Circumflex artery — no visible
stenosis. First Obtuse Marginal branch has a 40% stenosis, others without
stenosis. Right coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections.

ECG - Sinus rhythm, QRS axis of the heart normal. Negative Twave in
lead III. Incomplete R wave progression in V1 — V3 leads.

LVEDv - 52 mm [LVESd - 36 mm|FS — 27 %I|I[VS — 16 mm PW — 11 mm|

LVEDV - 129 ml[LVESV — 55 ml [EF — 57 %|LA — 42 - 45 mm|RV -37 mm

[VC - 13 mm > 50 % colapses

Conclussion — Mild — moderate dilatation of the left atrium. Systolic
function normal EF — 57 %. Diastolic disfunction type I. Moderate
hypertrophy of the interventricular septum. Ascending aorta mild
dilation and aortic arch normal. Aortic valve tricuspid, normal. Mild
mitral and tricuspid valve regurgitation +1/+4. Pulmonary artery pressure
PASP mildly elevated. Inferior vena cava collapses > 50 %. Pericardial

cavity normal.

Cardiac Troponin I 0.019

3 Patient Birthyear - 1941

ICD 10 Main probable diagnosis

I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA III)
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ICD 10 Comorbidities

I 10 — Primary hypertension grade III (ESH/ESC) I 34.0 — Mistral valve
regurgitation, I 48 — Atrial fibrillation and flatter, I 36.1 — Tricuspid valve

insufficiency, I 50 — Congestive heart failure.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — 40% stenosis medial and 30% proximal parts.
Diagonal branches no visible stenosis. Circumflex artery — no visible
stenosis. First Obtuse Marginal branches without stenosis. Right coronary
artery — without any stenotic lesions or plaques. Recommendation —
Continue treatment with medications, no invasive procedure is necessary.

Right dominant blood flow.
Past medical history

Gastric bleeding three vyears ago, that was required endoscopic

coagulation.

ECG — Rhythm atrial fibrillation. I, aVL — R (+T), Il aVF — R (-/+T), III -rS
(-/+T), V2-V6 - Rs, HR - 119, QRS - 90, QT - 342

LVEDv - 52 mm [LVESd - 41 mm [FS—27 % [IVS - 12 mm [PW — 11 mm

LVEDV - 129 ml [LVESV —74 ml [EF —44 %|LA — 45 mm [RV - 40 mm

[VC - 13 mm > 50 % colapses

Conclussion — Moderate dilatation of the left atrium. Systolic function
moderately decreased EF — 44 %. Diastolic disfunction type I. Moderate
hypertrophy of the interventricular septum. Ascending aorta mild
dilation and aortic arch normal. Aortic valve tricuspid, calcified. Mild
mitral and tricuspid valve regurgitation +2/+4. Pulmonary artery pressure
PASP 30 elevated. Inferior vena cava collapses > 50 %. Pericardial cavity

normal.

Cardiac Troponin I < 0.019 ng/ml
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4 Patient Birthyear - 1951

ICD 10 Main possible diagnosis
I20.0 — Acute coronary syndrome
ICD 10 Possible complications

150.0 — Congestive heart failure (NYHA I) I 44.4 — Left anterior bundle of
Hiss hemiblock.

ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) ] 44.9 — Chronic obstructive

lung disease.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Right inguinal hernia and repair surgery in 2007, gastroduodenal bleeding

in 2012, esophageal hernia reconstitution surgery in 2017.

ECG - Sinsu rhythm, Left anterior hemiblock of the left bundle of Hiss.

LVEDd - 54 mm [LVESd -38 mm [FS—-27 %|IVS—-12 mm [PW - 11mm

LVEDV - 141 ml [LVESV - 62ml |[EF -56 % |LA - 43 mm |RV - 40 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the

interventricular septum. Ascending aorta and aortic arch normal. Aortic
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valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.
Cardiac troponin I < 0.021 ng/ml

5 Patient. Birthyear — 1950

ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome I 25.8 — Chronic cardiac ischemic

desease

ICD 10 Possible complications

1 50.0 — Congestive heart failure (NYHA II)
ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 48 — Atrial fibrillation and
flatter 1 34.0 — Mitral valve regurgitation 136.1 — Tricuspid valve
regurgitation 127.2 — Pulmonary hypertension B 18.2 — Chronic hep. C,
not treated E 66.0 — Obesity because of high caloric intake (BMI - 27).

Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

ECG - Atrial fibrialtion, tachysistoly (110), frequent premature

ventricular contraction.

LVEDd - 63 mm [LVESd - 48 mm [FS—-23 %|IVS - 15 mm [PW - 11 mm

LVEDV - 202 ml [LVESV — 107 ml [EF - 47 %|LA -53 mm [RV - 46 mm
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[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
moderately decreased EF - 47 %. Diastolic disfunction type I. Mild
hypertrophy of the interventricular septum. Ascending aorta and aortic
arch normal. Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid
valve regurgitation +1/+4. Pulmonary artery pressure PASP mildly
elevated. Inferior vena cava collapses more than 50 %. Pericardial cavity

normal.

Cardiac troponin I < 0.021 ng/ml

6 Patient Birthyear - 1970

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH)
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Kidney stones treated with lithotripsy
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ECG - Sinus rhythm, pulse 75, 1S (+T) V2 - V3 Rs (+T) V4 - V6. No acute

ischemic changes are present.

LVEDd - 52 mm [LVESd - 37 mm [FS-26 %|[VS - 13 mm [PW - 11 mm

LVEDV - 100 ml [LVESV -40ml [EF - 55 %|LA — 41 mm [RV - 37 mm

[VC - 13 mm > 50 % collapses RA — 37 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

7 Patient Birthyear - 1961

ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) ] 44.9 — Chronic obstructive

lung disease, R 73.0 — Positive glucose tolerance test.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right

coronary artery — without any stenotic lesions or plaques.
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Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Childhood infections

ECG — Sinus rhythm, QRS axis normal, No acute ischemic changes are

present.

LVEDd - 54 mm [LVESd -39 mm |FS—26 % [[VS - 12 PW - 11 mm

LVEDV -141 ml [LVESV -66 ml |EF - 53 % |[LA — 42 mm [RV - 38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

8 Patient Birthyear - 1981

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH) J 45.9 — Asthma, N 20.2 -
Kidney and urethral stones, K 76.0 — Fatty liver.

Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
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descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Cholecystitis, Acute pneumonia in 2018.

ECG - Sinus rhythm, - T wave in aVR, aVL waves, R wave incomplete

progression in V1 — V4 waves.

LVEDd - 57 mm [LVESd - 42 mm [FS—25 %|[IVS - 14 mm [PW - 11mm

LVEDV - 100 ml [LVESV -40ml [EF-50% [LA -45mm |[RV-38 mm

[VC - 13 mm > 50 % collapses RA — 38 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

9 Patient Birthyear - 1970

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH)
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Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG - Sinus rhythm, QRS heart axis left deviation. No acute ischemic

changes are visible.

LVEDd - 50 mm |LVESd - 34 mm |FS —-27 % [[VS - 12 mm [PW - 11 mm

LVEDV - 118 ml |[LVESV —47 ml |[EF -60 % |LA - 42 mm [RV - 38 mm

[VC-13 dd >50% kolab.

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
10 Patient Birthyear - 1960

ICD 10 Main possible diagnosis
I20.0 — Acute coronary syndrome
ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
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ICD 10 Comorbidities
I 10 — Primary hypertension II (ESC/ESH)
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Tuberculosis of the lung in 1998, did a 1 year treatment course, 2014

diagnosed with uterine multiple fibromas.

ECG — Sinus rhythm, QRS heart axis normal, no ischemic changes are

visible.

LVEDd - 50 mm|LVESd - 34 mm[FS — 28 % VS — 12 mm[PW - 10 mm

LVEDV -118 ml|LVESV - 47ml [EF —56 - 57 %|LA - 38 mm [RV - 37 mm

[VC - dd >50% kolab. RA-3800

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
11 Patient Birthyear - 1970
ICD 10 Main possible diagnosis

45



I 20.0 — Acute coronary syndrome
ICD 10 Possible complications
I50.0 — Congestive heart failure (NYHA I) I 27.2 — Secondary pulmonary

hypertension.
ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) ] 44.9 — Chronic obstructive

pulmonary disease, F 45.3 — Autonomic (vegetative) disfunction.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

J44.9 — Chronic obstructive pulmonary disease, F45.3 — Somatotrophic

autonomic (vegetative) disfunction.

ECG — Sinus rhythm, QRS heart axis normal, negative T wave in aVR,

aVL, R wave incomplete progression in V1 — V2 leads.

LVEDd - 52 mm |[LVESd - 37 mm [FS —-27 % [[VS — 12 mm [PW - 11 mm

LVEDV - 129 ml [LVESV -58 ml [EF —55 % |LA-42 mm [RV-38 mm

[VC - 13 mm > 50 % collapse

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic

valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
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+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

12 Patient Birthyear - 1970

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH) B 18.2 — Chronic viral hepatitis
C

Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG - Sinus rhythm, QRS heart axis normal, negative T wave III lead, R

wave incomplete progression in V1- V2 leads.

LVEDd - 53 mm [LVESd - 38 mm [FS—-27 % [[VS-11 mm [PW - 10 mm

LVEDV - 136 ml LVESV-58 ml |[EF —56 %|LA - 40 mm |RV —34 mm

[VC - 13 mm > 50 % collapses RA - 34 mm
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Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
13 Patient Birthyear - 1970
ICD 10 Main possible diagnosis

I 200 — Acute coronary syndrome I 05.1 — Rheumatic mitral

regurgitation, moderate

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH)
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

Past medical history

Childhood infections

ECG - Sinus rhythm, QRS heart axis normal, - T wave and R wave

incomplete progression in leads V1 — V5.
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LVEDd - 50 mm [LVESd —38 mm [FS—26 % [[VS - 12 mm [PW - 11 mm

LVEDV - 118 ml LVESV - 62 ml |[EF —47 %|LA - 41 mm |RV - 35 mm

[VC - 13 mm > 50 % collapses RA - 35 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
14 Patient Birthyear - 1952

ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome
ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I) I 45.0 — Complete block of
right bundle of Hiss

ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) E 03.9 — Hypothyroidism
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

Past medical history
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Appendectomy in childhood, hypothyroidism takes 50mg of Euthyroxine

ECG - Sinus rhythm, QRS electrical axis left deviation, complete right
bundle bunch block, signs of left ventricular hypertrophy.

LVEDd - 50 mm [LVESd - 35 mm [FS - 27 % [IVS — 12 mm [PW - 11 mm

LVEDV - 118 ml [LVESV-51ml [EF-56%|LA -39 mm |RV -36 mm

IVC - 13 mm > 50 % kolab.

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

15 Patient Birthyear - 1957

ICD 10 Main possible diagnosis

I120.0 — Acute coronary syndrome I 25.8 Chronic ischemic heart disease
ICD 10 Possible complications

150.0 — Congestive heart failure (NYHA I) HFpEF

ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) E 66.0 Obesity caused by excess
caloric intake (BMI 32), E 78.8 - Hypercholesteremia, I 89.0
Lymphedema,

Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.

Diagonal branches show no visible stenosis. Circumflex artery — no visible
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stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Appendectomy in childhood, tonsillectomy in 1995, several medical

abortions, hepatitis A in 1962, hypercholesteremia, goutier.

ECG - Sinus rhythm, QRS electrical axis normal, pulse 71, PQ - 0.13 QRS
-0.09QT-0.44+S (-T)I I, rs (-T) V1, Rsr (-T) V2 RS (-T) V3

LVEDd - 499 mm |[LVESd - 33 mm [FS —27 %[[VS - 11 mm|PW - 10 mm

LVEDV - 112 mm [LVESV - 40 ml [EF - 60 %|[LA - 40 mm |[RV — 35 mm

[VC - 13 mm > 50 % collapses RA - 35 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
16 Patient Birthyear - 1968
ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome I, I 34.0 — Mitral valve regurgitation, I
44.7 — Complete left bundle bunch block.

ICD 10 Possible complications
I 50.0 — Congestive heart failure (NYHA II) I 27.2 — Secondary pulmonary

hypertension

ICD 10 Comorbidities
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I10 — Primary hypertension I (ESC/ESH) E 11.8 — Insulin dependent
Diabetes Meletus type 2

Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

Past medical history

Appendectomy in childhood

ECG - Sinsur rhythm, heart rate 105, Complete left bundle bunch block.

LVEDd - 64 mm |[LVESd - 52 mm [FS—-19 % [[VS - 13 mm [PW - 11 mm

LVEDV - 209 ml [LVESV — 129 m] [EF — 38 %|LA - 47 mm |RV-38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
17 Patient Birthyear - 1959

ICD 10 Main possible diagnosis
I120.0 — Acute coronary syndrome I

ICD 10 Possible complications
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I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH)
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG - Sinus rhythm, sinus arrythmia, heart rate 55, left anterior
fascicular block, several premature ventricular contractions, no acute

ischemic changes are present.

LVEDd - 54 mm |[LVESd - 39 mm [FS—26 %[IVS — 13 mm [PW - 11 mm

LVEDV - 141 ml |LVESV - 66 ml |[EF -53 %|LA - 40 mm |RV - 38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
18 Patient Birthyear - 1959
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ICD 10 Main possible diagnosis

120.0 — Acute coronary syndrome I

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA II) I 27.2 — Secondary pulmonary

hypertension, I 36.1 — Tricuspid valve regurgitation, non-rheumatic.
ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 25.2 — Old myocardial
infarction, I 48 — Atrial fibrillation, K 25.7 — Gastric ulcer, Q 67.5 —
Congenital deformity of the spine, E 89.0 — Hypothyroidism caused by

medical procedures.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Myocardial infarction in 2018 and coronary artery stenting with 4 stents
implantation. Exudative pericarditis in 2016, Pulmonary Tuberculosis in
1970, Thyroid removal in 1990 does not take medications regularly.
Appendectomy in 1955, tonsillectomy in 1960, scoliosis, gastric ulcer —

treated.

ECG - Sinus rhythm, QRS electrical axis normal, no acute ischemic

changes are visible.

LVEDd - 52 mm |[LVESd - 38 mm [FS—25% [[VS—12 mm [PW - 11 mm

LVEDV -129 ml [LVESV -62ml [EF -50%|LA - 43 mm |[RV —38 mm
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[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

19 Patient Birthyear - 1937

ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

1 50.0 — Congestive heart failure (NYHA II - III)

ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 25.2 — Old myocardial

infarction,
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

N/P
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ECG - Sinus rhythm, QRS electrical axis left deviation, QS III, Qr II, aVF,
qR V6.

LVEDd - 52 mm [LVESd -44 mm [FS—-20%[IVS—12 mm[PW - 11 mm

LVEDV - 129 mm [LVESV-70 ml |[EF — 40 %|LA - 48 mm |[RV - 40 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

20 Patient Birthyear - 1951

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 35.2 — Aortic valve stenosis

with regurgitation.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible

stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
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coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Uterus removal in 2000, right knee surgery with prosthetics in 2018,
coronary artery angiography in 2017.

ECG - Sinus rhythm, QRS electrical axis deviation to the left, no acute

ischemic changes are present.

LVEDd - 54 mm |[LVESd - 38 mm [FS—29 %[IVS - 12 mm [PW — 11 mm

LVEDV - 100 ml LVESV —40 ml [EF -56 %|LA - 45 mm |RV - 41 mm

[VC - 13 mm > 50 % collapses RA - 40 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
21 Patient Birthyear - 1938

ICD 10 Main possible diagnosis
I20.0 — Acute coronary syndrome
ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA II) I 44.4 — Left anterior bundle
of Hiss block

ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) I 25.2 — Old myocardial

infarction, Z 82.1 — Blindness because of cataracts in both eyes.
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Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Rubella, appendectomy, pneumonia, cholecystectomy, myocardial

infarction in 2004.

ECG - Sinus rhythm, QRS electrical axis deviated to the left, heart rate
60, Left anterior bundle of Hiss hemiblock.

LVEDd-54m |LVESd - 41 mm [FS—23 % [[VS - 14 mm [PW - 11 mm

LVEDV - 141 ml |LVESV —-74 ml |[EF —47 %|LA - 40 mm |RV - 37 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.
Cardiac troponin I < 0.021 ng/ml

22 Patient Birthyear - 1959

ICD 10 Main possible diagnosis

120.0 — Acute coronary syndrome I 42.9 — Cardiomyopathy
ICD 10 Possible complications
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1 50.0 — Congestive heart failure (NYHA II)
ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 36.1 — Tricuspid valve
regurgitation, I 48 — Atrial fibrillation (paroxysmal form).

Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Cholecystctomy 2010, removal of right ovary because of cysts 2000.

ECG — Atrial fibrialtion, heart rate 140, QRS electrical axis normal, signs
of left ventricular hypertrophy, ST segment depression in V4-V6; II; III;
AVF;

IVS - 13 - 14PW - 11
LVEDd - 62 mm|LVESd - 50 mm [FS - 20%
mm mm
LVEDV - 100 EF - 38
LVESV - 40 ml LA - 50 mm RV - 43 mm
ml %
> 50 %
[VC - 13 mm RA - 40 mm
collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic

valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
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+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

23 Patient Birthyear - 1936

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH) I 48 — Atrial fibrillation.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG - Atrial fibrillation, tachysystole, QRS electrical axis normal,
incomplete right bundle bunch block.

LVEDd - 52 mm |[LVESd - 39 mm [FS—-24%|[VS - 12 mm [PW - 11 mm

LVEDV - 129 ml |LVESV - 66ml |EF - 48 %|LA - 42 mm |RV - 38 mm

[VC - 13 mm > 50 % collapses
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Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

24 Patient Birthyear - 1948

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH) I 34.0 — Mitral regurgitation, I
48 — Atrial fibrillation.

Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Rubella, mumps.

ECG - Atrial fibrillation, tachycardia, heart electrical axis normal.
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LVEDd - 50 mm |LVESd - 39 mm [FS —22 %[[VS - 11 mm|[PW - 11 mm

LVEDV - 118 mm [LVESV — 66 ml [EF - 46 %|LA - 45 mm |RA - 44 mm

[VC - 13 mm > 50 % collapses RA - 45 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

25 Patient Birthyear - 1962

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH), R 73.0 — Positive glucose

tolerance test.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

Past medical history
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Coronary artery stenting in 2017, tonsillectomy in childhood.

ECG - Sinus rhythm, heart rate 65, QRS electrical axis horizontal, QS (-T)
IIL; qR (-T) AVF

LVEDd - 50 mm [LVESd - 35 mm [FS—28 % [[VS - 12 mm [PW - 11 mm

LVEDV - 118 ml LVESV —-51 ml |[EF —56 %|LA - 38 mm |RV —36 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

26 Patient Birthyear - 1946

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH) E 11.8 — Diabetes Meletus
type 2, E 66.0 — Obesity caused by excess caloric intake

Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible

stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
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coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Strumectomy in 2017, takes 100mg of thyroxine, pneumonia — 2017,

extrauterine pregnancy in 1973.

ECG - Sinsu rhythm, QRS el. Axis deviation to the left, QSin V2 -3 - 4
leads.

FS - 270VS - 13 - 14PW - 11
LVEDd - 48 mm|LVESd - 34 mm
% mm mm
LVEDV - EF - 55
LVESV — 47 ml LA - 38 mm RV - 30 mm
107 ml %
> 50 %
[VC - 13 mm
collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.
Cardiac troponin I < 0.021 ng/ml

27 Patient Birthyear - 1937

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities
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I 10 — Primary hypertension I (ESC/ESH) G 45.0 — Vertebra-basilar
syndrome, ] 44.9 — Chronic obstructive lung disease, R 73.0 — Positive

fasting glucose test.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Maniac depressive episodes since 1986.

ECG - Sinus rhythm, heart rae 73, QRS eel. Axis horizontal, R wave
incomplete progression in V2 — V4 leads, no acute ischemic changes are

present.

LVEDd - 52 mm [LVESd - 37 mm [FS—-27 % [[VS - 13 mm [PW - 11 mm

LVEDV - 129 ml |LVESV-58 ml |[EF —55 %|LA - 40 mm |RV —36 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.
Cardiac troponin I < 0.021 ng/ml

28 Patient Birthyear - 1961

ICD 10 Main possible diagnosis
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I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

1 50.0 — Congestive heart failure (NYHA II)
ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH)
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow. Past medical history

Gastric ulcer with bleeding in 2019, treated. Appendectomy,

tonsillectomy, parathyroid gland removal.

ECG — Sinus rhythm, heart rate 72, QRS el. Axis deviation to the left. PR
— 147 ms, QRS — 100 ms, QT - 432 ms.

LVEDd LVESd - 38
FS - 30 % [VS—15mm [PW-12m

50 mm mm

LVESV - RV - 34
LVEDV -118 ml EF - 55 % LA -42

74ml mm

> 50 % RA - 39
[VC - 16 mm

collapses mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic

valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
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+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

29 Patient Birthyear - 1953

ICD 10 Main probable diagnosis

I120.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA II)
ICD 10 Comorbidities

I 10 — Primary hypertension grade III (ESH/ESC) I 67.4 — Hypertensive
encepalophaty I 83.9 — Varicose disease of the lower limbs without ulcers

and complications.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches no visible stenosis. Circumflex artery — no visible
stenosis. Right coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Transient ischemic attack in 2016.

ECG - Sinus rhythm, QRS axis of the heart horizontal, no acute ischemic

changes are visible.

LVEDv - 52 mm |LVESd - 37 mm [FS—-27 % [IVS - 12 mm [PW - 11 mm

LVEDV - 129 ml [LVESV -58 ml [EF —55 % |[LA —40 mm [RV -37 mm

[VC - 13 mm > 50 % colapses

67



Conclussion — Mild dilatation of the left atrium. Systolic function normal
EF — 55 9%. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, normal. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP normal. Inferior vena cava

collapses > 50 %. Pericardial cavity normal.
Cardiac Troponin I 0.020

30 Patient Birthyear - 1947

ICD 10 Main probable diagnosis

I120.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension grade II (ESH/ESC)
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches no visible stenosis. Circumflex artery — no visible
stenosis. First Obtuse Marginal branch has a 40% stenosis, others without
stenosis. Right coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections.

ECG - Sinus rhythm, QRS axis of the heart normal. Negative T wave in

lead II. Incomplete R wave progression in V1 — V4 leads.

LVEDv - 52 mm [LVESd - 36 mm|FS — 27 %I|I[VS — 16 mm PW — 11 mm|
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LVEDV - 129 ml[LVESV —55 ml [EF — 57 %|LA — 42 - 45 mm|RV -37 mm

[VC - 13 mm > 50 % colapses

Conclussion — Mild — moderate dilatation of the left atrium. Systolic
function normal EF — 57 %. Diastolic disfunction type I. Moderate
hypertrophy of the interventricular septum. Ascending aorta mild
dilation and aortic arch normal. Aortic valve tricuspid, normal. Mild
mitral and tricuspid valve regurgitation +1/+4. Pulmonary artery pressure
PASP mildly elevated. Inferior vena cava collapses > 50 %. Pericardial

cavity normal.

Cardiac Troponin I 0.019

31 Patient Birthyear - 1942

ICD 10 Main probable diagnosis

I120.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA II)
ICD 10 Comorbidities

I 10 — Primary hypertension grade II (ESH/ESC) I 34.0 — Mistral valve
regurgitation, I 48 — Atrial fibrillation, I 36.1 — Tricuspid valve

insufficiency, I 50 — Congestive heart failure.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — 40% stenosis medial and 30% proximal parts.
Diagonal branches no visible stenosis. Circumflex artery — no visible
stenosis. First Obtuse Marginal branches without stenosis. Right coronary
artery — without any stenotic lesions or plaques. Recommendation —
Continue treatment with medications, no invasive procedure is necessary.

Right dominant blood flow.

Past medical history
69



Gastroesophageal reflux disease, treated (2017).

ECG — Rhythm atrial fibrillation. I, aVL — R (+T), I aVF — R (-/+T), III -rS
(-/+T), V2-V6 - Rs, HR - 119, QRS - 90, QT - 342

LVEDv - 52 mm |LVESd - 41 mm [FS—-27 % [IVS - 12 mm [PW - 11 mm

LVEDV - 129 ml [LVESV - 74 ml [EF —44 %|LA — 45 mm [RV - 40 mm

[VC - 13 mm > 50 % colapses

Conclussion — Moderate dilatation of the left atrium. Systolic function
moderately decreased EF — 44 %. Diastolic disfunction type I. Moderate
hypertrophy of the interventricular septum. Ascending aorta mild
dilation and aortic arch normal. Aortic valve tricuspid, calcified. Mild
mitral and tricuspid valve regurgitation +2/+4. Pulmonary artery pressure
PASP 30 elevated. Inferior vena cava collapses > 50 %. Pericardial cavity

normal.

Cardiac Troponin I < 0.019 ng/ml
32 Patient Birthyear - 1952

ICD 10 Main possible diagnosis
I20.0 — Acute coronary syndrome
ICD 10 Possible complications

150.0 — Congestive heart failure (NYHA I) I 44.4 — Left anterior bundle of
Hiss hemiblock.

ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) ] 44.9 — Chronic obstructive

lung disease.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.

Diagonal branches show no visible stenosis. Circumflex artery — no visible
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stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Right inguinal hernia in 2004.

ECG - Sinsu rhythm, Left anterior hemiblock of the left bundle of Hiss.

LVEDd - 54 mm [LVESd -38 mm [FS—-27 %|IVS—-12 mm [PW - 11mm

LVEDV - 141 ml [LVESV - 62ml |[EF -56 % |LA - 43 mm |RV - 40 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

33 Patient Birthyear — 1951

ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

1 50.0 — Congestive heart failure (NYHA II)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH) I 48 — Atrial fibrillation I 34.0 —
Mitral valve regurgitation 136.1 — Tricuspid valve regurgitation 127.2 —

Pulmonary hypertension E 66.0 — Obesity because of high caloric intake
(BMI - 29).
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Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

ECG - Atrial fibrialtion, tachysistoly (110), frequent premature

ventricular contraction.

LVEDd - 63 mm [LVESd - 48 mm [FS—-23 %|IVS - 15 mm [PW - 11 mm

LVEDV - 202 ml [LVESV — 107 ml [EF - 47 %|LA -53 mm [RV - 46 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
moderately decreased EF - 47 %. Diastolic disfunction type I. Mild
hypertrophy of the interventricular septum. Ascending aorta and aortic
arch normal. Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid
valve regurgitation +1/+4. Pulmonary artery pressure PASP mildly
elevated. Inferior vena cava collapses more than 50 %. Pericardial cavity

normal.

Cardiac troponin I < 0.021 ng/ml

34 Patient Birthyear - 1969

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities
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I 10 — Primary hypertension II (ESC/ESH)
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Gallbladder stones treated.

ECG - Sinus rhythm, pulse 75, RS (-T) V2 - V3 1S (+T) V5 — V6. No acute

ischemic changes are present.

LVEDd - 52 mm [LVESd - 37 mm [FS-26 %|IVS - 13 mm [PW - 11 mm

LVEDV - 100 ml [LVESV -40ml [EF - 55 %|LA — 41 mm [RV - 37 mm

[VC - 13 mm > 50 % collapses RA — 37 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 55 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
35 Patient Birthyear - 1960

ICD 10 Main possible diagnosis
I120.0 — Acute coronary syndrome

ICD 10 Possible complications
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I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities
I 10 — Primary hypertension II (ESC/ESH), R 73.0 — Positive glucose

tolerance test.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG — Sinus rhythm, QRS axis normal, no acute ischemic changes are

present.

LVEDd - 54 mm [LVESd -39 mm |FS—26% [[VS-12 PW -11 mm

LVEDV -141 ml [LVESV -66 ml |EF - 53 % |[LA — 42 mm |[RV - 38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
mildly decreased EF - 53 9%. Diastolic disfunction type I. Mild
hypertrophy of the interventricular septum. Ascending aorta and aortic
arch normal. Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid
valve regurgitation +2/+4. Pulmonary artery pressure PASP normal.

Inferior vena cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
36 Patient Birthyear - 1976
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ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

150.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH) I 34.0 — Mitral valve

regurgitation 136.1 — Tricuspid valve regurgitation
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Cholecystitis in 2014, 2016, not treated.

ECG - Sinus rhythm, - T wave in aVR, aVL waves, R wave incomplete

progression in V1 — V4 waves.

LVEDd - 57 mm [LVESd - 42 mm [FS—25 %|[IVS — 14 mm [PW - 11mm

LVEDV - 100 ml [LVESV -40ml [EF-50% [LA -45mm |[RV-38 mm

[VC - 13 mm > 50 % collapses RA — 38 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
moderately decreased EF - 50 %. Diastolic function normal. Mild
hypertrophy of the interventricular septum. Ascending aorta and aortic

arch normal. Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid
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valve regurgitation +1/+4. Pulmonary artery pressure PASP elevated.

Inferior vena cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

37 Patient Birthyear - 1970

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH), N 20.2 — Kidney and urethral
stones, K 76.0 — Fatty liver.

Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG - Sinus rhythm, QRS heart axis left deviation. No acute ischemic

changes are visible.

LVEDd - 50 mm |[LVESd - 34 mm [FS—-27 % [[VS—12 mm [PW - 11 mm

LVEDV - 118 ml |[LVESV —47 ml |[EF —60 % |LA - 42 mm [RV - 38 mm

[VC-13 dd >50% kolab.
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Conclusion — Left atrium mild dilation. Systolic function normal EF - 60
%. Diastolic disfunction type I. Mild hypertrophy of the interventricular
septum. Ascending aorta and aortic arch normal. Aortic valve tricuspid,
fibrotic. Mild mitral and tricuspid valve regurgitation +2/+4. Pulmonary
artery pressure PASP mildly elevated. Inferior vena cava collapses more

than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

38 Patient Birthyear - 1960

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH) ] 44.9 — Chronic obstructive

pulmonary disease
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

Past medical history

Acute pneumonia in 2000, uterine bleeding because of myomas.

ECG - Sinus rhythm, QRS heart axis normal, no ischemic changes are

visible.
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LVEDd - 50 mm|LVESd - 34 mm|FS - 28 % IVS — 12 mm|PW - 10 mm

LVEDV -118 ml|LVESV - 47ml [EF —56 - 57 %|LA - 38 mm [RV - 37 mm

[VC - dd >50% kolab. RA-3800

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

39 Patient Birthyear - 1970

ICD 10 Main possible diagnosis

I120.0 — Acute coronary syndrome

ICD 10 Possible complications

150.0 — Congestive heart failure (NYHA I) I 27.2 — Secondary pulmonary

hypertension.
ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) ] 44.9 — Chronic obstructive

pulmonary disease
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
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Past medical history

J44.9 — Chronic obstructive pulmonary disease, F45.3 — Somatotropic

autonomic (vegetative) disfunction.

ECG - Sinus rhythm, QRS heart axis normal, negative T wave in I, aVL, R

wave incomplete progression in V1 — V3 leads.

LVEDd - 52 mm [LVESd - 37 mm [FS—-27 % |[[VS—12 mm [PW - 11 mm

LVEDV - 129 ml [LVESV -58 ml [EF —55 % |LA-42 mm [RV-38 mm

[VC - 13 mm > 50 % collapse

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 55 %. Diastolic disfunction type II. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP moderately elevated. Inferior

vena cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

40 Patient. Birthyear - 1968

ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH), F 453 - Autonomic

(vegetative) disfunction.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior

descending artery — without any hemodinamicaly significant stenosis.
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Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections, mumps.

ECG — Sinus rhythm, QRS heart axis normal, negative T wave in III lead,

R wave incomplete progression in V1- V3 leads.

LVEDd - 53 mm |[LVESd - 38 mm [FS—27 % [[VS - 11 mm |[PW - 10 mm

LVEDV - 136 ml LVESV-58 ml |[EF —56 %|LA - 40 mm |RV — 34 mm

[VC - 13 mm > 50 % collapses RA - 34 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.
Cardiac troponin I < 0.021 ng/ml

4] Patient Birthyear - 1972
ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome I 05.1 — Rheumatic mitral

regurgitation, moderate

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities
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I 10 - Primary hypertension III (ESC/ESH) F 45.3 - Autonomic

(vegetative) disfunction.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG - Sinus rhythm, QRS heart axis normal, - T wave and R wave

incomplete progression in leads V1 — V5.

LVEDd - 50 mm [LVESd —38 mm [FS—26 % [[VS—-12 mm [PW - 11 mm

LVEDV - 118 ml LVESV - 62 ml |EF —47 %|LA - 41 mm |RV - 35 mm

[VC - 13 mm > 50 % collapses RA - 35 mm

Conclusion — Left atrium moderate dilation. Systolic function moderately
decreased EF - 47 %. Diastolic disfunction type I. Mild hypertrophy of
the interventricular septum. Ascending aorta and aortic arch normal.
Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid valve
regurgitation +1+2/+4. Pulmonary artery pressure PASP mildly elevated.

Inferior vena cava collapses more than 50 %. Pericardial cavity normal.
Cardiac troponin I < 0.021 ng/ml

42 Patient Birthyear - 1954

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome
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ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) E 03.9 — Hypothyroidism
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Appendectomy in teenage years.

ECG - Sinus rhythm, QRS electrical axis left deviation, complete right
bundle bunch block, signs of left ventricular hypertrophy.

LVEDd - 50 mm [LVESd - 35 mm [FS -27 % [IVS — 12 mm [PW - 11 mm

LVEDV - 118 ml [LVESV-51ml [EF-56 %|LA -39 mm |RV -36 mm

IVC - 13 mm > 50 % kolab.

Conclusion — Left atrium and right atrium mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+2/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

43 Patient Birthyear - 1955
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ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome I 45.0 — Complete block of right
bundle of Hiss

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH), I 89.0 Lymphedema
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Apendectomy, tonsillectomy.

ECG — Sinus rhythm, QRS electrical axis normal, pulse 71, PQ - 0.13 QRS
-0.09 QT - 0.44 1S (-T)L 1L, rs (-T) V1, Rsr (-T) V2 RS (-T) V3

LVEDd - 49 mm |LVESd - 33 mm [FS —27 %[[VS - 11 mm|[PW - 10 mm

LVEDV - 112 mm [LVESV - 40 ml |EF - 60 %|[LA - 40 mm |[RV — 35 mm

[VC - 13 mm > 50 % collapses RA - 35 mm

Conclusion — Left atrium normal. Systolic function normal EF - 60 %.
Diastolic disfunction type I. Mild hypertrophy of the interventricular
septum. Ascending aorta and aortic arch normal. Aortic valve tricuspid,

normal. Mild mitral and tricuspid valve regurgitation +1/+4. Pulmonary
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artery pressure PASP mildly elevated. Inferior vena cava collapses more

than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
44 Patient Birthyear - 1966
ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome I, I 44.7 — Complete left bundle bunch
block.

ICD 10 Possible complications
150.0 — Congestive heart failure (NYHA II) I 27.2 — Secondary pulmonary

hypertension
ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) E 11.8 — Insulin dependent
Diabetes Meletus type 2 E 66.0 Obesity caused by excess caloric intake
(BMI 32), E 78.8 — Hypercholesteremia,

Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Appendectomy in childhood, tonsillectomy.

ECG - Sinus rhythm, heart rate 105, Complete left bundle bunch block.
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LVEDd - 64 mm |[LVESd - 52 mm [FS—-19 % [[VS - 13 mm [PW - 11 mm

LVEDV - 209 ml [LVESV - 129 ml [EF — 38 %|LA - 47 mm |RV- 38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium moderate dilation. Systolic function normal EF -
38 %. Diastolic disfunction type II. No hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, normal. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

45 Patient Birthyear - 1962

ICD 10 Main possible diagnosis

I120.0 — Acute coronary syndrome I

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH)
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.

Past medical history
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Childhood infections

ECG - Sinus rhythm, sinus arrythmia, heart rate 68, left anterior

fascicular block, no acute ischemic changes are present.

LVEDd - 54 mm |[LVESd - 39 mm [FS —26 %[IVS — 13 mm [PW — 11 mm

LVEDV - 141 ml |LVESV - 66 ml |[EF -53 %|LA - 40 mm |RV - 38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right atrium mild dilation. Systolic function
mildly decreased EF - 53 %. Diastolic disfunction type I. Moderate
hypertrophy of the interventricular septum. Ascending aorta and aortic
arch normal. Aortic valve tricuspid, calcinotic. Mild mitral valve
regurgitation +1/+4. Pulmonary artery pressure PASP mildly elevated.

Inferior vena cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
46 Patient Birthyear - 1967

ICD 10 Main possible diagnosis
120.0 — Acute coronary syndrome I
ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA II) I 27.2 — Secondary pulmonary
hypertension, I 36.1 — Tricuspid valve regurgitation.

ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) I 25.2 — Old myocardial

infarction, I 48 — Atrial fibrillation, K 25.7 — Gastric ulcer.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.

Diagonal branches show no visible stenosis. Circumflex artery — no visible
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stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Myocardial infarction and coronary artery stenting with 2 stents

implantation. Appendectomy, tonsillectomy.

ECG — Sinus rhythm, QRS electrical axis normal, no acute ischemic

changes are visible.

LVEDd - 52 mm [LVESd - 38 mm [FS—-25 % [[VS—-12 mm [PW - 11 mm

LVEDV -129 ml [LVESV -62ml [EF -50%|LA - 43 mm [RV —38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Right atrium mild dilation. Systolic function mildly
decreased EF - 50 %. Diastolic disfunction type I. Mild hypertrophy of
the interventricular septum. Ascending aorta and aortic arch normal.
Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid valve
regurgitation +1.5/+4. Pulmonary artery pressure PASP normal. Inferior

vena cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

47 Patient Birthyear - 1939

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA II)

ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH) I 25.2 — Old myocardial

infarction,
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Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Hospitalized for pneumonia about 10 years ago.

ECG — Sinus rhythm, QRS electrical axis left deviation, heart rate 87.

LVEDd - 52 mm [LVESd - 44 mm [FS—20%|IVS—12 mm[PW - 11 mm

LVEDV - 129 mm [LVESV-70 ml |[EF — 40 %|LA - 48 mm |[RV - 40 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
moderately decreased EF - 40 %. Diastolic disfunction type I. Mild
hypertrophy of the interventricular septum. Ascending aorta and aortic
arch normal. Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid
valve regurgitation +1/+4. Pulmonary artery pressure PASP mildly
elevated. Inferior vena cava collapses more than 50 %. Pericardial cavity

normal.

Cardiac troponin I < 0.021 ng/ml
48 Patient Birthyear - 1954

ICD 10 Main possible diagnosis
I20.0 — Acute coronary syndrome
ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
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ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 35.2 — Aortic valve stenosis

with regurgitation.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Coronary artery angiography in 2015, 2017.

ECG - Sinus rhythm, QRS electrical axis deviation to the left, no acute

ischemic changes are present.

LVEDd - 54 mm |[LVESd - 38 mm [FS—29 %([[VS - 12 mm [PW - 11 mm

LVEDV - 100 ml LVESV —40 ml [EF -56 %|LA - 45 mm |RV - 41 mm

[VC - 13 mm > 50 % collapses RA - 40 mm

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve moderate stenosis with mild regurgitation. Tricuspid valve
regurgitation +1/+4. Pulmonary artery pressure PASP mildly elevated.

Inferior vena cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml
49 Patient Birthyear - 1941
ICD 10 Main possible diagnosis
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I 20.0 — Acute coronary syndrome
ICD 10 Possible complications

150.0 — Congestive heart failure (NYHA I) I 44.4 — Left anterior bundle of
Hiss block

ICD 10 Comorbidities
I 10 — Primary hypertension I (ESC/ESH) I 25.2 — Old myocardial

infarction.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
N/A

ECG - Sinus rhythm, QRS electrical axis deviated to the left, heart rate
70, Left anterior bundle of Hiss hemiblock.

LVEDd-54m |LVESd - 41 mm [FS—23% [[VS - 14 mm [PW - 11 mm

LVEDV - 141 ml |LVESV —-74 ml |[EF —47 %|LA - 40 mm |RV - 37 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right atrium normal. Systolic function
normal EF - 47 %. Diastolic disfunction type I. Moderate hypertrophy of
the interventricular septum. Ascending aorta and aortic arch normal.
Aortic valve tricuspid, calcinotic. Mild mitral valve stenosis. Pulmonary
artery pressure PASP mildly elevated. Inferior vena cava collapses more

than 50 %. Pericardial cavity normal.
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Cardiac troponin I < 0.021 ng/ml

50 Patient Birthyear - 1961

ICD 10 Main possible diagnosis

I120.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA II)

ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 36.1 — Tricuspid valve

regurgitation, I 48 — Atrial fibrillation (paroxysmal form).
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Uterine surgery of fibromas.

ECG — Atrial fibrillation, heart rate 140, QRS electrical axis normal, no

acute ischemic signs.

IVS — 13 - 14PW - 11
LVEDd - 62 mm|LVESd - 50 mm |FS - 20%
mm mm
LVEDV - 120 EF - 38
LVESV - 40 ml LA - 50 mm RV - 43 mm
ml %
IVC - 13 mm S 50 % RA - 40 mm
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collapses

Conclusion — Left atrium and right atrium moderate dilation. Systolic
function severely decreased EF - 38 %. Diastolic disfunction type I. Mild
hypertrophy of the interventricular septum. Ascending aorta and aortic
arch normal. Aortic valve tricuspid, fibrotic. Mild mitral and tricuspid
valve regurgitation +1/+4. Pulmonary artery pressure PASP mildly
elevated. Inferior vena cava collapses more than 50 %. Pericardial cavity

normal.

Cardiac troponin I < 0.021 ng/ml

51 Patient Birthyear - 1938

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH) I 48 — Atrial fibrillation.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history

Childhood infections
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ECG - Atrial fibrillation, tachysystole, QRS electrical axis normal,

premature ventricular contraction.

LVEDd - 52 mm |[LVESd - 39 mm [FS—-24%|[VS - 12 mm [PW - 11 mm

LVEDV - 129 ml |LVESV - 66ml |EF - 48 %|LA - 42 mm |RV - 38 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
moderately decreased EF - 48 %. Diastolic disfunction type I. Mild
hypertrophy of the interventricular septum. Ascending aorta and aortic
arch normal. Aortic valve bicuspid, calcinotic, mild stenosis. Mild mitral
and tricuspid valve regurgitation +1/+4. Pulmonary artery pressure PASP
mildly elevated. Inferior vena cava collapses more than 50 %. Pericardial

cavity normal.

Cardiac troponin I < 0.021 ng/ml

52 Patient Birthyear - 1949

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH) I 34.0 — Mitral regurgitation, I
48 — Atrial fibrillation.

Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
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Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
N/A

ECG — Atrial fibrillation, tachycardia, heart electrical axis normal.

LVEDd - 50 mm |LVESd - 39 mm [FS —22 %[[VS - 11 mm|[PW - 11 mm

LVEDV - 118 mm [LVESV — 66 ml [EF - 46 %|LA - 45 mm |RA - 44 mm

[VC - 13 mm > 50 % collapses RA - 45 mm

Conclusion — Left atrium normal. Systolic function moderately decreased
EF - 46 %. Diastolic function normal. No hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, normal. Mild mitral valve regurgitation +1/+4. Pulmonary
artery pressure PASP mildly elevated (high normal). Inferior vena cava

collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

53 Patient Birthyear - 1960

ICD 10 Main possible diagnosis

I20.0 — Acute coronary syndrome

ICD 10 Possible complications

I 50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH), R 73.0 — Positive glucose

tolerance test.
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two

branches: Left anterior desending and Circumflex artery. Left anterior

descending artery — without any hemodinamicaly significant stenosis.
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Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Gallbladder removal in 2004, tonsillectomy in childhood.

ECG — Sinus rhythm, heart rate 95, QRS electrical axis horizontal, QS in
aVF

LVEDd - 50 mm |[LVESd - 35 mm [FS—28 % [[VS - 12 mm |PW - 11 mm

LVEDV - 118 ml |LVESV - 51 ml [EF —56 %|LA - 38 mm |RV — 36 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 56 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.

Cardiac troponin I < 0.021 ng/ml

54 Patient Birthyear - 1944

ICD 10 Main possible diagnosis

I 20.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension III (ESC/ESH) E 11.8 — Diabetes Meletus
type 2, E 66.0 — Obesity caused by excess caloric intake
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Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery - without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Extrauterine pregnancy, 2 medical abortions.

ECG - Sinus rhythm, QRS el. Axis deviation to the left, QSin V2 -3 - 4
leads.

FS — 27IVS - 13 - 14PW - 11
LVEDd - 48 mm|LVESd - 34 mm
% mm mm
LVEDV - EF - 55
LVESV — 47 ml LA - 38 mm RV - 30 mm
107 ml %
> 50 %
[VC - 13 mm
collapses

Conclusion — Left atrium and right cavity mild dilation. Systolic function
normal EF - 55 %. Diastolic disfunction type I. Mild hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena

cava collapses more than 50 %. Pericardial cavity normal.
Cardiac troponin I < 0.021 ng/ml
55 Patient Birthyear - 1945

ICD 10 Main possible diagnosis

I120.0 — Acute coronary syndrome
96



ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)

ICD 10 Comorbidities

I 10 — Primary hypertension I (ESC/ESH), ] 44.9 — Chronic obstructive

lung disease.
Coronary artery angiography

FNDCI1A — Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Childhood infections

ECG - Sinus rhythm, heart rate 63, QRS el. Axis horizontal, R wave
incomplete progression in V1 — V4 leads, no acute ischemic changes are

present.

LVEDd - 52 mm |[LVESd - 37 mm [FS—27 % [[VS - 16 mm [PW - 11 mm

LVEDV - 129 ml |LVESV-58 ml |[EF —55 %|LA - 40 mm |RV —36 mm

[VC - 13 mm > 50 % collapses

Conclusion — Left atrium normal. Systolic function normal EF - 55 %.
Diastolic  disfunction type 1. Moderate hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, fibrotic. Mild mitral and tricuspid valve regurgitation
+1/+4. Pulmonary artery pressure PASP mildly elevated. Inferior vena
cava collapses more than 50 %. Pericardial cavity normal.
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Cardiac troponin I < 0.021 ng/ml

56 Patient Birthyear - 1972

ICD 10 Main possible diagnosis

I120.0 — Acute coronary syndrome

ICD 10 Possible complications

I50.0 — Congestive heart failure (NYHA I)
ICD 10 Comorbidities

I 10 — Primary hypertension II (ESC/ESH)
Coronary artery angiography

FNDCI1A - Left coronary artery, without any stenosis. Divides into two
branches: Left anterior desending and Circumflex artery. Left anterior
descending artery — without any hemodinamicaly significant stenosis.
Diagonal branches show no visible stenosis. Circumflex artery — no visible
stenosis. Obtuse marginal branches — no significant stenotic lesions. Right
coronary artery — without any stenotic lesions or plaques.
Recommendation — Continue treatment with medications, no invasive

procedure is necessary. Right dominant blood flow.
Past medical history
Partial parathyroid gland removal.

ECG — Sinus rhythm, heart rate 85, QRS el. Axis deviation to the left. No

acute ischemic changes are present.

LVEDd LVESd -38
FS - 30 % [VS—15mm [PW-12m

50 mm mm

LVESV - RV - 34
LVEDV -118 ml EF - 55 % LA - 42

74ml mm

> 50 9% RA - 39
[VC - 16 mm

collapses mm
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Conclusion — Left atrium moderate dilation. Systolic function normal EF -
55 %. Diastolic disfunction type I. Moderate hypertrophy of the
interventricular septum. Ascending aorta and aortic arch normal. Aortic
valve tricuspid, mild regurgitation. Mild mitral and tricuspid valve
regurgitation +1+2/+4. Pulmonary artery pressure PASP moderately
elevated. Inferior vena cava collapses more than 50 %. Pericardial cavity

normal.

Cardiac troponin I < 0.017 ng/ml

Patient 1 STEMI

ICD 10 diagnosis

I21.0 — Anterior wall MI I 34.0 — mitral valve regurgitation
ICD complications

I50.0 — Congestive heart failure (KILLIP II)

ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), E 11.8 — Diabetes Meletus
type 2, E 66.0 — obesity because of excess caloric intake, I 65.2 — carotid

artery occlusion and stenosis.
Coronary artery angiography

FNSAOQ1 — Left coronary artery normal. Left anterior descending artery —
medial segment stenosis 95%, distal segment syenosis 70%. I diagonal

branch occlusion proximally.

Circumflex artery — proximal stenosis 80%, distal stenosis 80%. I Obtuse

Marginal branch medial stenosis 90%.

Right coronary artery — medial stenosis 70%, distal stenosis 80%.

Posterior descending artery — stenosis 95% proximal, lateral branch 80%.
Recommendation — cardiac surgeon consult. imediatelly.

ECG - Sinus rhythm, QRS el. Axis horizontal, ST segment elevation 2 —
4mm (+/- T) IITAVL V2 - V6. HR - 72. QRS - 100. QT - 445
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LVEDd - 52 mm [LVESd - 41 mm [FS -22 %;|[IVS — 16 mm [PW - 11 mm

LVEDV - 129 ml [LVESV-74ml |EF -43 % [LA - 40 mm [RV —36 mm

[VC - 13 mm > 50 % collapses

Troponin I (AQT90) BL.7.8 0.075 (0.01-0.023) pg/1
Patient 2 STEMI Birthyear 1976

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction

ICD complications

I 50.0 — Congestive heart failure (KILLIP I)

ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,
Past medical history

Pneumothorax and lung injury due to a knife injury in 2001.
Coronary artery angiography

FNDCIA - Left coronary artery normal. Left anterior descending artery —
proximal stenosis 30 %, medial 80 %, distal 30%.

Right coronary artery — proximal stenosis with thrombi masses. Medical

stenosis 60%, distal total occlusion.

Right coronary artery re-canalization, balloon angioplasty, 1 stent

implantation, TIMI 1 blood flow.
Recommendation: Left anterior descending artery stenting later.

ECG - Sinus rhythm, normal lovltage, QRS el. Axis devisted to the left.
Herat rate — 96. QT — 202 ms; QRS — 80 ms; Q T- 332 ms; QS (ST segment
elevation 2mm) III. rs (ST segment elevation > 2mm) AVF. ST segment

depression 1 mm I, AVL.
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LVEDd - 46 mm |[LVESd - 30 mm [FS —27 %[IVS — 10 mm [PW — 11 mm

LVEDV - 100 ml |LVESV - 40 ml |EF - 60 %|LA - 38 mm |RV - 37 mm

[VC - 13 mm > 50 % collapses RA — 37 mm

Cardiac Troponin I 1.7 ng/ml
Patient 3 STEMI Birthyear 1966
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation
ICD complications

I 50.0 — Congestive heart failure (KILLIP I) I 27.2 — secondary pulmonary

hypertension, I 36.1 — tricuspid valve regurgitation
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), E 11.8 — Diabetes Meletus

type 2, E 66.0 — obesity because of excess caloric intake,

Past medical history

Tonsillectomy, appendectomy in 2020, left heel infected ulcer.
Coronary artery stenting

FNDCIA - Left coronary artery — normal, divides into left anterior
descending and circumflex arteries. Left anterior descending artery —
proximal 70% stenosis, medial diffuse stenosis and 99% stenosis. I

diagonal brunch medial part occlusion.

Circumflex artery — distal part diffuse stenosis 90%. I obtuse marginal

branch diffuse stenosis and plaques.

Right coronary artery — without significant hemodynamical occlusions.

Posterior descending brunch — medial occlusion and retrograde filling.

Recommendation — heart surgeon consult. immediately.
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ECG - Sinus tahcycardia, heart rate 115, QRS el. Axis deviation to the
left, ST segment elevation 2 mm - I, II, AVL, V4 - V6. PR — 162 ms, QRS
—95 ms, QT — 315 ms.

LVEDd - 58 mm |[LVESd - 46 mm [FS —20%/[IVS - 12 mm [PW — 11 mm

LVEDV - 166 ml LVESV - 99 ml |EF - 40 %|LA - 45 mm |RV —38 mm

[VC - 13 mm > 50 % collapses

Cardiac Troponin I 0.036 ng/ml

Patient 4 STEMI Birthyear 1952

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction
ICD complications

150.0 — Congestive heart failure (KILLIP II) I 27.2 — secondary pulmonary

hypertension
ICD 10 comorbidities

I 10 — primary hypertension I (ESC/ESH), I 34.0 — mitral valve

regurgitation, I 36.1 — tricuspid valve regurgitation

Past medical history

Tonsillectomy 1960, left hand fifth finger amputation 2016.
Coronary artery stenting

FNDCI1A — Left coronary artery short, normal. Left anterior descending

artery — medial stenosisi 80%. Diagonal brunch normal.

Circumflex artery — medial zone occlusion, obtuse marginal brunch 50%

stenosis.

Right coronary artery — hypoplastic, no stenosis.

Circumflex artery recanalization with wire, balloon angioplasty, 1 stent

implantation.

102



Recommendation — Left anterior descending and distal circumflex artery

stenting.

ECG — Sinus rhythm, QRS el. Axis horizontal, heart rate 85, ST segment
depression 3 mm (-T wave II, ITI, AVF leads).

LVEDd - 55 mm |[LVESd - 46 mm [FS—16 %|[[VS — 13 mm [PW - 11 mm

LVEDV - 147 ml |LVESV - 99ml [EF - 33 %|LA - 46 mm |RV - 40 mm

[VC - 13 mm > 50 % collapses

Cardiac troponin I 0.37 ng/ml
Patient 5 STEMI Birthyear 1937
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction I 44.7 — left bundle bunch
block,

ICD complications

I 50.0 — Congestive heart failure (KILLIP II) I 25.2 — old myocardial
infarction, I 34.0 — mitral valve regurgitation, I 36.1 — tricuspid valve

regurgitation, [ 27.2 — secondary pulmonary hypertension
ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH),

Past medical history

Z 95.5 — coronary artery stenting, inguinal hernia — 1953.
Coronary artery stenting

Left coronary artery — two branches, normal.

Left anterior descending artery — proximal occlusion 95%, medially

implanted stent normal.
Circumflex artery — ostial stenosis 80%.

Right coronary artery — proximal chronic occlusion 100%, retrograde
filling.
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Left anterior descending artery stenting.

Recommendation — Circumflex artery stenting after antiaggregant

treatment.

ECG - Sinus rhythm, QRS el. axis severly deviated to the left. LBBB; ST
elevation 4mm V2 - V3, 2 mm V4 leads. ST segment depression 2 mm II,
aVF leads.

IVS - 15[PW - 11
LVEDd - 57 mm|LVESd - 47 mm [FS - 17 %
mm mm
LVEDV - 160 EF — 34 - 35
LVESV - 103 ml LA -53 mm |RV - 40 mm
ml %
> 50 %
[VC - 13 mm
collapses

Cardiac troponin I 0.37 ng/ml

Patient 6 STEMI Birthyear 1960

ICD 10 diagnosis

I21.1 — posterior wall myocardial infarction
ICD complications

I 50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 - primary hypertension III (ESC/ESH)
Past medical history

Left lower jaw bone infection and surgery 2020.
Coronary artery stenting

Left anterior descending artery — normal. Diagonal branches — normal.
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Circumflex artery — medial stenosis 40%. Obtuse marginal brunches

normal.
Right coronary artery — medial 99% stenosis.

Right coronary artery stenting with 1 drug eluting stent.

ECG - Sinus rhythm, heart rate 60, ST segment elevation 3 mm II, III,
AVF; ST segment depression 0.5 — 1 mm I, AVL, V4 - V6 leads. PR — 190
ms, QRS — 120 ms, QT - 457 ms.

LVEDd - 58 mm [LVESd - 47 mm [FS—-18 % [[VS—12 mm [PW - 11 mm

LVEDV -166 ml [LVESV - 103 ml [EF —38 % (LA - 42 mm [RV - 38 mm

[VC - 13 mm > 50 % collapses

Cardiac Troponin I 2.6 ng/ml
Patient 7 STEMI Birthyear 1968
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34. 0 — mitral valve

regurgitation.

ICD complications

I 50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose

tolerance test, I 65.2 — carotid artery occlusion and stenosis
Past medical history

I 25.2 — old myocardial infarction

Coronary artery stenting

Left coronary artery — normal.

Left anterior descending artery — ostial 99% stenosis, medial 90% stenosis.

Diagonal branches — normal.
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Circumflex artery — diffuse plaques, medial segment occlusion, retrograde

filling.
Right coronary artery — distal 50% occlusion.
Recommendation — cardiac surgeon consult. immediately.

ECG - Sinus rhythm, heart rate 110, ST segment elevation 4 mm in I,
aVL, V5 — V6 leads.

LVEDd - 59 FS - 22IVS - 14 — 13PW - 11
LVESd - 44 mm
mm % mm mm
LVEDV - 160 EF — 45
LVESV — 88 ml LA - 46 mm RV - 38 mm
ml %
> 50 %
IVC - 13 mm RA — 38 mm
collapses

Cardiac Troponin I 1.2 ng/ml
Patient 8 STEMI Birthyear 1953
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation

ICD complications

I50.0 — Congestive heart failure (KILLIP II)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,

Past medical history

Pneumothorax and lung injury due to a knife injury in 2001.

Coronary artery stenting

Left anterior descending artery — proximal 95% occlusion, medial 40%.

Circumflex artery — medial stenosis 80%, distal 50%.
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Right coronary artery — proximal stenosis 80%, medial 70%.
Left anterior descending artery 1 stent implantation.

Recommendation — Right coronary artery stenting after antiplatelet

treatment.

ECG — Sinus rhythm ,QRS el. Axis left deviation, ST segment elevation 2
mm in leads V1, V2, V3 — V4 3mm elevation. rS (+T) II, III, aVF;

LVEDd - 54 mm |[LVESd - 43 mm |FS—20%|IVS — 14 mm [PW - 11 mm

LVEDV - 141 ml |LVESV - 83 ml |[EF - 41 %|LA - 40 mm |RV - 38 mm

[VC - 13 mm > 50 % collapses

Cardiac troponin I 10 ng/ml

Patient 9 STEMI Birthyear 1969

ICD 10 diagnosis

I21.1 — posterior wall myocardial infarction
ICD complications

150.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose
tolerance test, E 66.0 — obesity because of excess caloric intake, K 80.8 —

cholelithiasis

Past medical history

Phlebitis

Coronary artery stenting

Left coronary artery — normal. Divides into two branches.

Left anterior descending — proximal occlusion, retrograde filling.

Circumflex artery — proximal 30 — 40 % stenosis. Obtuse marginal branch

— medial stenosis 70 — 80%.
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Right coronary artery — proximal thrombus, distal occlusion, retrograde

filling.
Recommendation — cardiac surgeon consult. immediately.

EVG - Sinus rhythm, normal volage, ST segment elevation 4 mm in leads
V2-V6,qR (+T) IL

LVEDd - 57 mm |[LVESd - 42 mm [FS—-27 % [I[VS-11 mm [PW - 11 mm

LVEDV - 100 ml [LVESV —40 ml [EF —50 %|LA - 46 mm |RV - 40 mm

[VC - 13 mm > 50 % collapses RA - 40mm.

Cardiac troponin I 0.71 ng/ml

Patient 10 STEMI Birthyear 1949

ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction
ICD complications

150.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH),
Past medical history

Z 95.2 — aortic valve replacement with biologic valve. Appendectomy.
Coronary artery stenting

Left anterior descending artery — proximal stenosis 50%, medial sub-

occlusion 99%.
Circumflex artery — medial stenosis 30%.
Left anterior descending artery stenting.

ECG - Sinus rhythm, heart rate 70, left anterior bundle of Hiss block, ST
segment depression in V2 — V6 leads 5mm, -T (I, AVL);
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LVEDd - 58 mm|LVESd - 45 mm

FS — 22[IVS - 13 - 14

PW - 11

% mm mm
LVEDV - 166 EF - 44
LVESV - 92 ml LA - 42 mm RV - 38 mm
ml %
> 50 %
[VC - 13 mm
collapses

Cardiac troponin I 0.19 ng/ml

Patient 11 STEMI Birthyear 1954

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction
ICD complications

I50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH),
Past medical history

Hemorrhoids 2018

Coronary artery stenting

Left coronary artery — normal. Divides into two brunches.

Left anterior descending — proximal stenosi 70 — 80 %. Distal 80 — 90 %.

Circumflex artery — normal. Obtuse marginal brunch — proximal stenosis

80 — 90 %, distal 80%.

Right coronary artery — distal occlusion, retrograde filling.

Recommendation — cardiac surgeon consult immediately.

ECG - Sinus rhythm, heart rate, ST segment elevation 3 mm in leads V2 -

V5, depression 2mm in leads II, III, aVF.

LVEDd - 50LVESd - 38FS — 24vs - 17[PW —11 mm;
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mm mm % mm

LVEDV - 118LVESV - 63EF — 46LA RV - 37 mm; RA -
ml ml % 44 mm 37/49 mm

IVC - 18 mm | > 50 % kolab.

Cardiac troponin I 0.013 ng/ml
Patient 12 STEMI Birthyear 1935
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation

ICD complications

I50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH), I 80.0 — lower limb
thrombophlebitis, D 51.9 — vit B12 deficiency anemia

Past medical history

Glaucoma 2017, cataracts — 2016.

Coronary artery stenting

Left coronary artery — normal, divides into 3 branches.

Left anterior descending — proximal stenosis 40 %, medial 60 — 70 %.

Diagonal brunch - ostial occlusion.

Circumflex artery — distal stenosis 80 %, obtuse marginal brunch -

normal.
Intermittent artery — Big vessel, proximal subtotal occlusion.
Right coronary artery — proximal and medical diffuse 90 — 99 % stenosis.

Intermittent artery 2 stent implantation. TIMI - 3.

110



Recommendation — circumflex artery stenting, after antiplatelet

treatment.

ECG — Sinus rhythm, heart rate 70, ST segment elevation 2 mm V5 — V6.
R(-T)-1,avl; (+-T). PR-182 ms, QRS - 82ms, QT — 447 ms.

LVEDd - 50 mm |LVESd - 38 mm [FS — 23 %;|[VS — 12 mm [PW — 11 mm;

LVEDV - 118 ml [LVESV - 62 ml |[EF —47 % [LA - 38 mm [RV - 36 mm

IVC - 13 mm > 50 % kolab.

Cardiac troponin I 0.22 ng/ml
Patient 13 STEMI Birthyear 1938
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation

ICD complications

150.0 — Congestive heart failure (KILLIP I)

ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH), I 64 — ischemic stroke.
Past medical history

I 25.2 — old myocardial infarction, pneumonia — 2018,

Coronary artery stenting

Left anterior descending artery — proximal 95% stenosis. Medial chronic

occlusion. Retrograde filling.

Circumflex artery — distal stenosis 50%, I obtuse marginal branch ostial 95

% stenosis, distal 90 %.
Right coronary artery — proximal chronic occlusion, retrograde filling.

Recommendation — cardiac surgeon consult. immediately.
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ECG - sinus rhythm, heart rate 80, QRS el. Axis left deviation, voltage
normal, ST segment elevation > 2 mm I, aVL, V2 - V3 - V4 -V 5- V6; 1S
(+T) III, aVF;

LVEDd — 49 mm |LVESd - 36 mm [FS - 24%; [IVS — 16 mm [PW — 11 mm;

LVEDV - 112 ml |LVESV - 55 ml [EF —45 %|LA - 38 mm |[RV - 30 mm.

IVC - 20 mm > 50 % kolab. RA — 32 mm;

Cardiac troponin I 0.022 ng/ml
Patient 14 STEMI Birthyear 1957
ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation. I 25.1 — atherosclerotic disease of the heart.
ICD complications

I 50.0 — Congestive heart failure (KILLIP I)

ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), S 22.2 — sternal bone fracture.
E 11.8 — Diabetes Meletus type 2.

Past medical history

Cholecystitis — in childhood

Coronary artery stenting

Left coronary artery — normal. Divides into two branches.

Left anterior descending- proximal bifurcation stenosis 90% at the

diagonal branching area.

Circumflex artery — proximal 80 % stenosis, obtuse marginal artery —

normal.
Right coronary artery — diffuse plaques entire length. Distal occlusion.

Right coronary artery 2 stents were implanted. TIMI 3 blood flow.
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Recommendation — cardiac surgeon consult.

ECG - sinus rhythm, heart rate 72, normal voltage, ST segment elevation

>2 mm in leads II, 4mm III, aVF; ST segment depression in leads I, avL.

LVEDd -LVESd - PW - 11
FS—17%; |IVS—-14mm

58 mm 49 mm mm

LVEDV ALVESV —-112EF — 34 — 35[LA — 48 — 50RV - 38

166 ml ml % mm mm

IVC-13mm |>50 % kolab.

Cardiac troponin I 1.31 ng/ml

Patient 15 STEMI Birthyear 1956

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction
ICD complications

I50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), E 66.0 — obesity because of

excess caloric intake,

Past medical history

Z 95.5 — coronary artery stenting 2013 and 2014.
Coronary artery stenting

Left coronary artery — normal. Divides into two branches.

Left anterior descending artery — plaques along entire length. I diagonal

branch — 90 % stenosis.

Circumflex artery — ostial 75 % stenosis, diffuse plaques along entire

length. Obtuse marginal branch — normal.

Right coronary artery — medial stenosis before old stent.
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Right coronary artery stenting with 2 stents. TIMI 3.

Recommendation — after antiplatelet treatment circumflex artery and

diagonal artery stenting.

ECG - Sinus rhythm, QRS electrical axis deviated ot the left, heart rate
60, ST segment elevation > 2 mm II, III, AVF leads; ST segment
depression 1mm (-+T )I, AVL, V1 - V3 leads.

LVEDd - 52[LVESd - 43FS - 18
[VS—13mm |PW -11 mm;

mm mm R
LVEDV {LVESV —83EF — 36LA - 44 RV - 38 mm, 42
129 ml ml % 45 mm mm

IVC-13mm |>50 % kolab.

Cardiac troponin I 8.3 ng/ml

Patient 16 STEMI Birthyear 1953

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction
ICD complications

I 50.0 — Congestive heart failure (KILLIP II) I 25.5 — ischemic heart

disease
ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,
Past medical history

I 25.2 — old myocardial infarction 2012, 2015. Z 95.5 — coronary artery
stenting 2012, 2015.

Coronary artery stenting

Left coronary artery — normal. Divides into two branches.
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Left anterior descending artery — normal. I diagonal brunch — ostial 40%

stenosis.

Circumflex artery — proximal 50% stenosis, obtuse marginal brunch —

99% stenosis.
Right coronary artery — proximal old stent 90 % re-stenosis,
Right coronary artery proximal part re-stenting.

ECG - sinus rhythm, heart rate 55 bradycardia, qR (-T )II, III, aVF, rS
(+T) V2 - V3, ST segment elevation > 2 mm in leads (-T) I, V5, V6.

LVEDd - 72[LVESd HFS - 10IVvS - 13
PW - 11 mm;
mm 65 mm 0; mm
LVEDV LVESV-216 |EF - 20 RV - 40 mm; 46
LA - 50 mm
272 ml ml % mm
[VC-13mm |>50 % kolab.

Cardiac troponin I 0.19 ng/ml

Patient 17 STEMI Birthyear 1973

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction
ICD complications

I50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,
Past medical history
Appendectomy, tonsillectomy, ischemic stroke 2015.

Coronary artery angiography
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FNSAOQ1 — Left coronary artery normal. Left anterior descending artery —
medial segment stenosis 95%, distal segment syenosis 70%. I diagonal

branch occlusion proximally.

Circumflex artery — proximal stenosis 80%, distal stenosis 80%. I Obtuse

Marginal branch medial stenosis 90%.

Right coronary artery — medial stenosis 70%, distal stenosis 80%.

Posterior descending artery — stenosis 95% proximal, lateral branch 80%.
Recommendation — cardiac surgeon consult. imediatelly.
ECG - sinus rhythm, heart rate 90, premature ventricular contractions,

bigeminy, ST segment elevation in leads II III; V1; ST segment depression
I, AVL; V2 -V6

LVEDd -LVESd - IVS — 13 — 14PW - 11
FS — 21 %;

60 mm 47 mm mm mm;

LVEDV HLVESV —103EF - 43% -

LA - 46 mm RV - 38 mm
181 ml ml 449%

[VC - 13mm |>50 % kolab.

Cardiac troponin I 1.5 ng/ml
Patient 18 STEMI Birthyear 1957
ICD 10 diagnosis

I 21.1 - posterior wall myocardial infarction, I 71.2 — thoracic aortic
aneurism, I 34.0 — mitral valve regurgitation, I 35.1 — aortic valve

regurgitation.

ICD complications

150.0 — Congestive heart failure (KILLIP I)

ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,
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Past medical history
K 26.7 — duodenal ulcer, without rupture or bleeding.
Coronary artery angiography

FNDCI1A — Left coronary artery normal. Left anterior descending artery —
proximal stenosis 30 %, medial 80 %, distal 30%.

Right coronary artery — proximal stenosis with thrombi masses. Medical

stenosis 60%, distal total occlusion.

Right coronary artery re-canalization, balloon angioplasty, 1 stent

implantation, TIMI 1 blood flow.
Recommendation: Left anterior descending artery stenting later.

ECG - sinus rhythm, heart rate 75, QRS el. Axis severe left deviation, ST
segment elevation 2 — 4 mm in leads II, III, aVF, (-T) V4 - Vé.

LVEDd - 48 mm |LVESd - 33 mm [FS - 20 %;[I[VS — 16 mm |PW — 12 mm

LVEDV — 107 ml [LVESV - 44 ml [EF -53 %|LA - 44 mm |RV -28 mm

IVC - 16 mm > 50 % kolab. RA — 36 mm

Cardiac troponin I 0.54 ng/ml

Patient 19 STEMI Birthyear 1954

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction
ICD complications

I 50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,

Past medical history
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Z 95.5 — coronary artery stenting 2015, I 25.2 — old myocardial infarction
2015. Pneumonia — 2019, appendectomy.

Coronary artery stenting

FNDC1A - Left coronary artery — normal, divides into left anterior
descending and circumflex arteries. Left anterior descending artery —
proximal 70% stenosis, medial diffuse stenosis and 99%  stenosis. I

diagonal brunch medial part occlusion.

Circumflex artery — distal part diffuse stenosis 90%. I obtuse marginal

branch diffuse stenosis and plaques.

Right coronary artery — without significant hemodynamical occlusions.

Posterior descending brunch — medial occlusion and retrograde filling.
Recommendation — heart surgeon consult. immediately.

ECG - sinus rhythm, heart rate 75, voltage normal, QRS el. Axis normal,

ST segment elevation > 2 mm in leads V4 - V6.

LVEDd — 56 mm |[LVESd - 41 mm [FS — 25 %;|[VS — 12 mm [PW — 11 mm;

LVEDV - 148 ml [LVESV - 74 ml [EF-50% |LA - 46 mm |[R V- 38 mm;

[VC - 13 mm > 50 % kolab.

Cardiac troponin I 7.4 ng/ml

Patient 20 STEMI Birthyear 1971

ICD 10 diagnosis

I21.1 — posterior wall myocardial infarction
ICD complications

I 50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 - primary hypertension I (ESC/ESH), I 34.0 -mitral valve

regurgitation.
Past medical history
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I 25.2 — old myocardial infarction 2020, Z 95.5 — coronary artery stenting
2020,

Coronary artery stenting

FNDCI1A - Left coronary artery short, normal. Left anterior descending

artery — medial stenosisi 80%. Diagonal brunch normal.

Circumflex artery — medial zone occlusion, obtuse marginal brunch 50%

stenosis.

Right coronary artery — hypoplastic, no stenosis.

Circumflex artery recanalization with wire, balloon angioplasty, 1 stent

implantation.

Recommendation — Left anterior descending and distal circumflex artery

stenting.

ECG — Sinus rhythm, QRS el. Axis horizontal, heart rate 85, ST segment
depression 3 mm (-T wave II, III, AVF leads).

ECG - sinus rhythm, heart rate 85, qrs electrical axis deviated to the left,
ST segment elevation 2 — 3 mm II, ITI, AVF; ST segment depression 1 -
290 I, AVL, V1 -V4 leads.

LVEDd - 55 mm |[LVESd - 43 mm [FS — 27 %; [[VS — 14 mm [PW — 11 mm;

LVEDV - 147 ml [LVESV - 8 3ml [EF-43% [LA -45mm [RV - 38 mm

IVC - 13 mm > 50 % kolab.

Cardiac troponin I 15 ng/ml

Patient 21 STEMI Birthyear 1969

ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction
ICD complications

I 50.0 — Congestive heart failure (KILLIP I)
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ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH),
Past medical history

Duodenal ulcer (at age 30).

Coronary artery stenting

Left coronary artery — two branches, normal.

Left anterior descending artery — proximal occlusion 95%, medially

implanted stent normal.
Circumflex artery — ostial stenosis 80%.

Right coronary artery — proximal chronic occlusion 100%, retrograde

filling.
Left anterior descending artery stenting.

Recommendation — Circumflex artery stenting after antiaggregant

tfreatment.

ECG - sinus rhythm, heart rate 68, QRS el. Axis normal, ST segment
elevation 2 -4 mm V2 - V4; (-T) I, aVL, V5 - V6.

LVEDd - 55 mm |[LVESd - mm [FS - 20 %; [[VS - 19 mm [PW - 17 mm;

LVEDV - ml LVESV-ml [EF-40% |LA-42mm |[RV -34 mm;

IVC -17 mm > 50 % kolab. RA — 43 mm

Cardiac troponin I 1.5 ng/ml

Patient 22 STEMI Birthyear 1964

ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction
ICD complications

150.0 — Congestive heart failure (KILLIP II)

ICD 10 comorbidities
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I 10 — primary hypertension III (ESC/ESH), E 11.8 — Diabetes Meletus
type 2.

Past medical history

I 25.2 - old myocardial infarction,

Coronary aartery stenting

Left coronary artery — normal.

Left anterior descending artery — ostial 99% stenosis, medial 90% stenosis.

Diagonal branches — normal.

Circumflex artery — diffuse plaques, medial segment occlusion, retrograde

filling.
Right coronary artery — distal 50% occlusion.
Recommendation — cardiac surgeon consult. immediately.

ECG - sinus rhythm, heart rate 97, ST segment elevation 2 mm in
precordial leads, qR (-T) III, AVF,

LVESd {FS - 15[IVS - 12 - 13PW - 11
LVEDd - 53 mm|
45 mm %; mm mm;
LVEDV -
136 ml LVESV - 92 ml[EF - 32 %|LA - 43 mm RV - 36 mm
m

IVC - 13 mm > 50 % kolab.

Cardiac troponin I 0.74 ng/ml

Patient 23 STEMI Birthyear 1938

ICD 10 diagnosis

I 21.0 — inferior wall myocardial infarction
ICD complications

150.0 — Congestive heart failure (KILLIP II) I 27.2 — secondary pulmonary

hypertension.

ICD 10 comorbidities
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I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose
tolerance test, E 66.0 — obesity because of excess caloric intake, I 48 —

atrial fibrillation,

Past medical history

Nose reconstructive surgery in 1970.

Coronary artery stenting

Left anterior descending artery — proximal 95% occlusion, medial 40%.
Circumflex artery — medial stenosis 80%, distal 50%.

Right coronary artery — proximal stenosis 80%, medial 70%.

Left anterior descending artery 1 stent implantation.

Recommendation — Right coronary artery stenting after antiplatelet

treatment.

ECG — Rhythm atrial fibrillation, tachycardia, QRS el. Axis deviated to
the left, ST segment elevation 2 mm in leads V4 - V6 -T I, AVL, V2 - V6
leads.

LVEDd - 52 mm [LVESd — 38 mm|FS — 27 %;[[VS — 17 mm [PW - 13 mm;

LVEDV - 129 ml|LVESV — 62 ml [EF —50 %|LA 45 - 50 mm|[RV - 42 mm

IVC - 13 mm > 50 % kolab.

Cardiac troponin I 0.2 ng/ml

Patient 24 STEMI

ICD 10 diagnosis

I21.0 — Anterior wall MI I 34.0 — mitral valve regurgitation
ICD complications

I50.0 — Congestive heart failure (KILLIP II)

ICD 10 comorbidities
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I 10 — primary hypertension III (ESC/ESH), E 11.8 — Diabetes Meletus
type 2, E 66.0 — obesity because of excess caloric intake, I 65.2 — carotid

artery occlusion and stenosis.
Coronary artery angiography

FNSAOQ1 — Left coronary artery normal. Left anterior descending artery —
medial segment stenosis 95%, distal segment syenosis 70%. I diagonal

branch occlusion proximally.

Circumflex artery — proximal stenosis 80%, distal stenosis 80%. I Obtuse

Marginal branch medial stenosis 90%.

Right coronary artery — medial stenosis 70%, distal stenosis 80%.

Posterior descending artery — stenosis 95% proximal, lateral branch 80%.
Recommendation — cardiac surgeon consult. imediatelly.

ECG — Sinus rhythm, QRS el. Axis horizontal, ST segment elevation 2 —
4mm (+/- T)III AVL V2 - V6. HR - 72. QRS - 100. QT - 445

LVEDd - 52 mm [LVESd - 41 mm [FS —22 %;[IVS — 16 mm [PW - 11 mm

LVEDV - 129 ml [LVESV-74ml |EF -43 % [LA - 40 mm [RV —36 mm

[VC - 13 mm > 50 % collapses

Troponin I (AQT90) BL.7.8 0.075 (0.01-0.023) pg/1
Patient 25 STEMI Birthyear 1976

ICD 10 diagnosis

I21.1 — posterior wall myocardial infarction

ICD complications

I 50.0 — Congestive heart failure (KILLIP I)

ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,

Past medical history
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Pneumothorax and lung injury due to a knife injury in 2001.
Coronary artery angiography

FNDCI1A - Left coronary artery normal. Left anterior descending artery —
proximal stenosis 30 %, medial 80 %, distal 30%.

Right coronary artery — proximal stenosis with thrombi masses. Medical

stenosis 60%, distal total occlusion.

Right coronary artery re-canalization, balloon angioplasty, 1 stent
implantation, TIMI 1 blood flow.

Recommendation: Left anterior descending artery stenting later.

ECG - Sinus rhythm, normal lovltage, QRS el. Axis devisted to the left.
Herat rate — 96. QT — 202 ms; QRS — 80 ms; Q T- 332 ms; QS (ST segment
elevation 2mm) III. rs (ST segment elevation > 2mm) AVF. ST segment

depression 1 mm I, AVL.

LVEDd - 46 mm |[LVESd - 30 mm |FS—27 %|[IVS — 10 mm [PW - 11 mm

LVEDV - 100 ml |LVESV - 40 ml [EF - 60 %|LA - 38 mm |RV - 37 mm

[VC - 13 mm > 50 % collapses RA — 37 mm

Cardiac Troponin I 1.7 ng/ml
Patient 26 STEMI Birthyear 1966
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation
ICD complications

1 50.0 — Congestive heart failure (KILLIP I) I 27.2 — secondary pulmonary

hypertension, I 36.1 — tricuspid valve regurgitation
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), E 11.8 — Diabetes Meletus

type 2, E 66.0 — obesity because of excess caloric intake,
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Past medical history
Tonsillectomy, appendectomy in 2020, left heel infected ulcer.
Coronary artery stenting

FNDC1A - Left coronary artery — normal, divides into left anterior
descending and circumflex arteries. Left anterior descending artery —
proximal 70% stenosis, medial diffuse stenosis and 99%  stenosis. I

diagonal brunch medial part occlusion.

Circumflex artery — distal part diffuse stenosis 90%. I obtuse marginal

branch diffuse stenosis and plaques.

Right coronary artery — without significant hemodynamical occlusions.

Posterior descending brunch — medial occlusion and retrograde filling.
Recommendation — heart surgeon consult. immediately.

ECG - Sinus tahcycardia, heart rate 115, QRS el. Axis deviation to the
left, ST segment elevation 2 mm - I, II, AVL, V4 - V6. PR — 162 ms, QRS
—95 ms, QT — 315 ms.

LVEDd - 58 mm |[LVESd - 46 mm [FS —20%/[IVS - 12 mm [PW — 11 mm

LVEDV - 166 ml LVESV - 99 ml |EF - 40 %|LA - 45 mm |RV —38 mm

[VC - 13 mm > 50 % collapses

Cardiac Troponin I 0.036 ng/ml

Patient 27 STEMI Birthyear 1952

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction
ICD complications

150.0 — Congestive heart failure (KILLIP II) I 27.2 — secondary pulmonary

hypertension

ICD 10 comorbidities
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I 10 - primary hypertension I (ESC/ESH), I 34.0 — mitral valve

regurgitation, I 36.1 — tricuspid valve regurgitation

Past medical history

Tonsillectomy 1960, left hand fifth finger amputation 2016.
Coronary artery stenting

FNDCIA - Left coronary artery short, normal. Left anterior descending

artery — medial stenosisi 80%. Diagonal brunch normal.

Circumflex artery — medial zone occlusion, obtuse marginal brunch 50%

stenosis.
Right coronary artery — hypoplastic, no stenosis.

Circumflex artery recanalization with wire, balloon angioplasty, 1 stent

implantation.

Recommendation — Left anterior descending and distal circumflex artery

stenting.

ECG — Sinus rhythm, QRS el. Axis horizontal, heart rate 85, ST segment
depression 3 mm (-T wave II, III, AVF leads).

LVEDd - 55 mm |[LVESd - 46 mm [FS—-16 %[IVS - 13 mm [PW — 11 mm

LVEDV - 147 ml |LVESV - 99ml |EF - 33 %|LA - 46 mm |RV - 40 mm

[VC - 13 mm > 50 % collapses

Cardiac troponin I 0.37 ng/ml
Patient 28 STEMI Birthyear 1937
ICD 10 diagnosis

I 21.0 - anterior wall myocardial infarction I 44.7 — left bundle bunch
block,

ICD complications
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I 50.0 — Congestive heart failure (KILLIP II) I 25.2 — old myocardial
infarction, I 34.0 — mitral valve regurgitation, I 36.1 — tricuspid valve

regurgitation, [ 27.2 — secondary pulmonary hypertension
ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH),

Past medical history

Z 95.5 — coronary artery stenting, inguinal hernia — 1953.
Coronary artery stenting

Left coronary artery — two branches, normal.

Left anterior descending artery — proximal occlusion 95%, medially

implanted stent normal.
Circumflex artery — ostial stenosis 80%.

Right coronary artery — proximal chronic occlusion 100%, retrograde
filling.
Left anterior descending artery stenting.

Recommendation - Circumflex artery stenting after antiaggregant

treatment.

ECG — Sinus rhythm, QRS el. axis severly deviated to the left. LBBB; ST
elevation 4mm V2 - V3, 2 mm V4 leads. ST segment depression 2 mm II,
aVF leads.

IVS - 15/PW - 11
LVEDd - 57 mm|LVESd - 47 mm [FS - 17 %
mm mm
LVEDV - 160 EF — 34 - 35
LVESV - 103 ml LA - 53 mm [RV - 40 mm
ml %
> 50 %
[VC - 13 mm
collapses

Cardiac troponin I 0.37 ng/ml

127



Patient 29 STEMI Birthyear 1960

ICD 10 diagnosis

I21.1 — posterior wall myocardial infarction
ICD complications

I 50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH)
Past medical history

Left lower jaw bone infection and surgery 2020.
Coronary artery stenting
Left anterior descending artery — normal. Diagonal branches — normal.

Circumflex artery — medial stenosis 40%. Obtuse marginal brunches

normal.
Right coronary artery — medial 99% stenosis.

Right coronary artery stenting with 1 drug eluting stent.

ECG — Sinus rhythm, heart rate 60, ST segment elevation 3 mm II, III,
AVF; ST segment depression 0.5 — 1 mm I, AVL, V4 - V6 leads. PR — 190
ms, QRS — 120 ms, QT - 457 ms.

LVEDd - 58 mm |[LVESd - 47 mm |[FS—-18 % |[VS—12 mm [PW - 11 mm

LVEDV -166 ml [LVESV - 103 ml [EF —38 % (LA - 42 mm |RV - 38 mm

[VC - 13 mm > 50 % collapses

Cardiac Troponin I 2.6 ng/ml
Patient 30 STEMI Birthyear 1968

ICD 10 diagnosis
128



I 21.0 — anterior wall myocardial infarction, I 34. 0 — mitral valve

regurgitation.

ICD complications

I50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose

tolerance test, I 65.2 — carotid artery occlusion and stenosis
Past medical history

I 25.2 - old myocardial infarction

Coronary artery stenting

Left coronary artery — normal.

Left anterior descending artery — ostial 99% stenosis, medial 90% stenosis.

Diagonal branches — normal.

Circumflex artery — diffuse plaques, medial segment occlusion, retrograde

filling.
Right coronary artery — distal 50% occlusion.
Recommendation — cardiac surgeon consult. immediately.

ECG - Sinus rhythm, heart rate 110, ST segment elevation 4 mm in I,
aVL, V5 — V6 leads.

LVEDd - 59 FS - 22IVS - 14 — 13PW - 11
LVESd - 44 mm
mm % mm mm
LVEDV - 160 EF — 45
LVESV — 88 ml LA - 46 mm RV - 38 mm
ml %
> 50 %
IVC - 13 mm RA — 38 mm
collapses

Cardiac Troponin I 1.2 ng/ml

Patient 31 STEMI Birthyear 1953
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ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation

ICD complications

150.0 — Congestive heart failure (KILLIP II)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose

tolerance test, E 66.0 — obesity because of excess caloric intake,

Past medical history

Pneumothorax and lung injury due to a knife injury in 2001.

Coronary artery stenting

Left anterior descending artery — proximal 95% occlusion, medial 40%.
Circumflex artery — medial stenosis 80%, distal 50%.

Right coronary artery — proximal stenosis 80%, medial 70%.

Left anterior descending artery 1 stent implantation.

Recommendation — Right coronary artery stenting after antiplatelet

treatment.

ECG — Sinus rhythm ,QRS el. Axis left deviation, ST segment elevation 2
mm in leads V1, V2, V3 — V4 3mm elevation. rS (+T) II, III, aVF;

LVEDd - 54 mm |[LVESd - 43 mm [FS—20%|[VS — 14 mm [PW - 11 mm

LVEDV - 141 ml |LVESV - 83 ml |EF - 41 %|LA - 40 mm |RV - 38 mm

[VC - 13 mm > 50 % collapses

Cardiac troponin I 10 ng/ml
Patient 32 STEMI Birthyear 1969
ICD 10 diagnosis

I21.1 — posterior wall myocardial infarction
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ICD complications
150.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH), R 73.0 — positive glucose
tolerance test, E 66.0 — obesity because of excess caloric intake, K 80.8 —

cholelithiasis

Past medical history

Phlebitis

Coronary artery stenting

Left coronary artery — normal. Divides into two branches.

Left anterior descending — proximal occlusion, retrograde filling.

Circumflex artery — proximal 30 — 40 % stenosis. Obtuse marginal branch

— medial stenosis 70 — 80%.

Right coronary artery — proximal thrombus, distal occlusion, retrograde

filling.
Recommendation — cardiac surgeon consult. immediately.

EVG - Sinus rhythm, normal volage, ST segment elevation 4 mm in leads
V2-V6, qR (+7T) IL

LVEDd - 57 mm |[LVESd - 42 mm [FS-27 % [[VS-11 mm [PW - 11 mm

LVEDV - 100 ml [LVESV —40 ml [EF —50 %|LA - 46 mm |RV - 40 mm

[VC - 13 mm > 50 % collapses RA - 40mm.

Cardiac troponin I 0.71 ng/ml

Patient 33 STEMI Birthyear 1949

ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction
ICD complications
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I 50.0 — Congestive heart failure (KILLIP I)

ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH),

Past medical history

Z 95.2 — aortic valve replacement with biologic valve. Appendectomy.

Coronary artery

stenting

Left anterior descending artery — proximal stenosis 50%, medial sub-

occlusion 99%.

Circumflex artery — medial stenosis 30%.

Left anterior descending artery stenting.

ECG - Sinus rhythm, heart rate 70, left anterior bundle of Hiss block, ST
segment depression in V2 — V6 leads 5mm, -T (I, AVL);

FS — 22IVS — 13 - 14PW - 11
LVEDd - 58 mm|LVESd - 45 mm
% mm mm
LVEDV - 166 EF - 44
LVESV - 92 ml LA - 42 mm RV - 38 mm
ml %
> 50 %
[VC - 13 mm
collapses

Cardiac troponin I 0.19 ng/ml

Patient 34 STEMI Birthyear 1954

ICD 10 diagnosis

I 21.1 — posterior wall myocardial infarction

ICD complications

I50.0 — Congestive heart failure (KILLIP I)

ICD 10 comorbidities

I 10 — primary hypertension III (ESC/ESH),
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Past medical history

Hemorrhoids 2018

Coronary artery stenting

Left coronary artery — normal. Divides into two brunches.

Left anterior descending — proximal stenosi 70 — 80 %. Distal 80 — 90 %.

Circumflex artery — normal. Obtuse marginal brunch — proximal stenosis
80 — 90 %, distal 80 %.

Right coronary artery — distal occlusion, retrograde filling.
Recommendation — cardiac surgeon consult immediately.

ECG — Sinus rhythm, heart rate, ST segment elevation 3 mm in leads V2 —
V5, depression 2mm in leads II, III, aVF.

LVEDd - 50LVESd - 38FS — 24VS - 17

PW - 11 mm;
mm mm % mm

LVEDV - 118LVESV - 63EF — 46LA RV - 37 mm; RA -
ml ml % 44 mm 37/49 mm

IVC - 18 mm | > 50 % kolab.

Cardiac troponin I 0.033 ng/ml
Patient 35 STEMI Birthyear 1935
ICD 10 diagnosis

I 21.0 — anterior wall myocardial infarction, I 34.0 — mitral valve

regurgitation

ICD complications

I50.0 — Congestive heart failure (KILLIP I)
ICD 10 comorbidities

I 10 — primary hypertension II (ESC/ESH), I 80.0 — lower limb
thrombophlebitis, D 51.9 — vit B12 deficiency anemia
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Past medical history

Glaucoma 2017, cataracts — 2016.

Coronary artery stenting

Left coronary artery — normal, divides into 3 branches.

Left anterior descending — proximal stenosis 40 %, medial 60 — 70 %.

Diagonal brunch — ostial occlusion.

Circumflex artery — distal stenosis 80 %, obtuse marginal brunch —

normal.

Intermittent artery — Big vessel, proximal subtotal occlusion.

Right coronary artery — proximal and medical diffuse 90 — 99 % stenosis.
Intermittent artery 2 stent implantation. TIMI - 3.

Recommendation — circumflex artery stenting, after antiplatelet

treatment.

ECG - Sinus rhythm, heart rate 70, ST segment elevation 2 mm V5 - V6.
R(-T)-I avL; (+-T). PR~ 182 ms, QRS - 82ms, QT — 447 ms.

LVEDd - 50 mm [LVESd - 38 mm [FS — 23 %; [[VS — 12 mm [PW — 11 mm;

LVEDV - 118 ml [LVESV - 62 ml |[EF —47 % [LA - 38 mm [RV - 36 mm

IVC - 13 mm > 50 % kolab.

Cardiac troponin I 0.22 ng/ml
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Work performed

Methodology

Patients, selection of samples

Taking patient’s blood samples for measurement of UB, CXCR4 and SDF1
required substantial work and interaction with patients and sometimes
with their close relatives. We are proud to say we managed this task
successfully. Patients who came to the clinic complaining of chest pain
and had coronarography/angioplasty performed we visited them during
their hospital stay. We explained to them that we were performing
research to find alternative markers to troponin for a selected group of
patients where troponin could not be used. The success of this research
could point the way for better diagnostic marker development and help
save their lives just like the lives of the current patients were saved. We
asked the permission to view their medical records to see if they are
eligible for our research, of course all access to their personal info
(including full names, ID numbers etc.) would be restricted to us from the
start as first this info was not necessary for our research and second
would minimize the chances of leaking of private information. We also
explained that if they agreed part of their blood taken by the clinic for
diagnostic tests would be used for ELISA testing. The emphasis was done
on the fact that only left-over serum samples will be used for testing as
usually a couple extra milliliters of blood is taken for diagnostic tests by
hospital and our ELISA required 0.5 milliliter or less and no additional
invasive procedures (e.g. venous blood aspiration) would be performed on
the patients. First, we wanted to measure UB, CXCR4 and SDF1 levels
from the same serum sample that Troponin was measured and second
removing additional unpleasant procedures helped increase compliance
for patients to participate in our research. The patients who agreed to

participate signed the written consent.
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Preparation of blood samples

The sample types were all serum taken from venous blood. The serum
samples were prepared in the serum separator kit and allowed to clot for
two hours at room temperature, centrifuged at 1000g (or 3000rpm) for 15

minutes and frozen at -20C degrees for storage.

ELISA test and kit description

As described above UB CXCR4 and SDF1 serum levels were all measured
by ELSIA method. ELISA kits for UB CXCR4 and SDF1 were purchases
from the MyBioSource company (Catalog numbers: MBS726848,
MBS264286, MBS2885086) and test was performed in accordance with
the instructions given. The UB kit is a competitive ELSIA, while the
CXCR4 and SDF1 are sandwich Kkits.

ELISA is an enzyme linked immunosorbent assay invented and used by
Engvall and Perlmann in 1971. It has both qualitative and quantitative
measures meaning it can not only detect the presence of the substance of
interest but also the amount with great precision. As the name suggests it
requires the interaction of the antibody and antigen and usually is done
in the polystyrene micropipette plates (wells). The general idea of ELISA
is that we pour the liquid of interest in the wells where the proteins we
are looking for are attached to the bottom of the well (if present of
course) directly or with the help of antibodies. Later monoclonal
antibodies are added to the well. The antibodies are specific to the
molecule we are looking for and will only stay inside the well if attached
to the molecule of interest, otherwise they are washed out. The specific
enzyme is attached to the antibodies (most often horseradish peroxidase)
which can interact with a specific substrate and make a product that
changes color to yellow amber blue etc. The substrate is usually added in
the last step of the ELSIA to detect the color changes of the solution
hence the presence of the molecule of interest. The simple change of
color can be detected by human eye but to detect the exact amount of
molecule of interest in different samples the spectrophotometry method
is used that detects the specific amounts by measuring the absorption of

the color. The method described is called direct ELSIA. However, there
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are four ELSIA methods in total. Indirect ELISA is similar to the direct
one the key difference being that there are two antibodies added. In
sandwich ELISA the well is coated with antibodies specific for the
molecule of interest and if present it will attach to the antibodies rather
than the well directly while the other molecules will be washed out. In
competitive ELISA a set number of antibodies are mixed with the
solution that may contain the molecule of interest and form an antigen-
antibody complexes. The solution is poured into the well where only the
free antibodies will stay while the antigen-antibody complexes will be
washed out. The less antibodies there are inside the well the more
antigen-antibody complexes were washed away, meaning the higher the

concentration of the molecule of interest in the solution (209-212).

After the desired number of serum samples were collected, they with the
help of portable refrigerator were transported to the laboratory for
ELISA, where they were unfrozen at room temperature, pipettes with
serum shaken in the shaker machine to prevent sedimentation of proteins
and resulting bias. Serum samples were grouped according to diagnosis
and/or gender. Each group sample (e.g. MI patients) were measured 3
times and their mean value was taken as a number to further exclude any

bias.

Patient number, gender selection criteria, diagnostic tests and
treatment

All the patients participating in the research were taken to the same
hospital with suspicion of having the ACS and diagnosed and treated with
the guidelines according to the European society of cardiology. This
includes taking patient history, ECG, trans-thoracic cardiac US, cardiac
markers including Tnl (method of Tnl measurement is described below)
and coronarography. In this trial we included 60 patients with no
ischemia (30 males and 30 females), 25 patients with NSTEMI (15 males
and 10 females) and 35 patients with STEMI (20 males and 15 females).
Patients with UA were excluded from this trial as the focus of our
research was to compare the diagnostic value of all three (UB, CXCR4,

SDF1) protein levels and their correlations to troponin (Tnl in this case)
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which if high could be later used in MI cases were troponin and CK-MB
were falsely elevated (CKF). The fact that all 120 patients had done
coronarography (some of them had stenting or CABG as needed) and Tnl
was measured in all of them during the admission, allows us to state that
all of them were selected correctly according to diagnosis. Without
coronarography this would have been especially challenging in some
patients presenting with suspected cardiac pain and negative Tnl tests.
But coronarography allowed us to distinguish between ischemic cardiac
pain without damage to the myocytes and chest pain caused by other

reasons that mimicked ischemia.

All the personal information about the patients except gender and age is
classified. For every patient whose blood and medical information was

used in our research written informed consent was taken.

Troponin measurement method

The Tnl was measured for all patients of our study in hospital with the
Automatic immunoassay analyzer AQT90 FLEX (Radiometer Medical).
The 99* percentile concentration of Tnl which is less than 0.023ng/ml
(microgram/liter) was taken as the cutoff point to discriminate between
MI and no damage group. The sample types were all serum taken from
venous blood, the reagents needed for the test are present in a dry stable
form inside the AQT90 FLEX and added to the serum sample during the
test. They among others contain the tracer and capture antibodies against
Tnl which will for the sandwich complexes with Tnl. Later the solution
is washed out and the assay sample is dried leaving only the sandwiched
antibodies and Tnl (if present) in the sample cup. The signal of tracer
antibodies is measured in a dry form by time-resolved fluorimetry (TRF).
The measured signal is converted to lab values by the algorithm present

inside the machine thus ensuring the correct results (213).
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Description of statistical methods
Before we start examining the results of our measurements, we will
briefly mention the statistical methods, models and tools we used to

analyze our data. RStudio software has been used (214-217).

Analysis of the distribution shows how the data given is distributed and

how the data set is likely to be normally distributed (218, 219).

We used Shapiro-Wilk test to determine the normality for each protein
of interest. In Shapiro-Wilk test P > 0.05 means normal data distribution,

while P < 0.05 indicates not normal distribution (220, 221).

If not all data is normal distributed, we use Non-parametrical Mann-
Whitney U test (Also known as Wilcoxon test) for calculations. The
Mann-Whitney U test, is a non-parametric statistical test used to compare
two samples or groups when the data is skewed or distributed non-

normally.

The null hypothesis (HO) states that the two populations are equal. The
alternative hypothesis (H1) is that the two populations are not equal.
Critical value used to accept or reject the null hypothesis is: the
alternative hypothesis, if U < critical value and null hypothesis if U > than
that value correspondingly. In Wilcoxon test (Mann-Whitney U Test) in
R studio, U is usually mentioned as W - Wilcoxon test statistic (222).

Other tests which we used for our calculations were non-parametric
ANOVA test and Tukey’s Honestly Significant Difference (Tukey’s HSD)
post-hoc test. Non-parametric ANOVA test tells us how non-numerical
values affect the variance of distribution. This test was also used in our
research to measure how much the diagnosis and sex have the effect on
the protein distribution. The F-value shows the variance between the
groups and inside the groups too (the higher the F-value the higher the
chances that difference between groups is larger than inside the groups).
The P-value < 0.05 shows the statistical significance of the F-value (223,
224). ANOVA tells us if there are differences among group means, but not
where the differences are. For that Tukey’s HSD test for pair wise
comparisons were used. We showed the Tukey’s HSD results both in the
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table and in the graph. The significant groupwise differences are present
when the 95% confidence interval doesn’t include zero. This is another

way of saying that the p-value for these pairwise differences is < 0.05
(225, 226).

Spearman correlation was used in our calculations as our data was
nonparametric and Spearman’s correlation is always and alternative for

Pearson correlation in statistics when nonparametric data is used (227).

ROC curve estimation

We used ROC analysis which is one of the recognized methods for
measuring the diagnostic power of biomarkers. The most important
parameters of this test are AUC and the cut-point estimation. The curve
of the ROC represents the graph with two measurements: sensitivity (true
positive) and 1 minus specificity (1-sp) (false positive). To correctly
determine the usefulness of the biomarker AUC is used. A biomarker that
has AUC equal to 1 will tell the difference between healthy and diseased
patients 100% of the time while a biomarker with AUC equal to 0.5 that
means the biomarker is useless and not different from flipping a coin to
decide if the patient is healthy or not. There are two main components of
ROC outcome: cut-point value and diagnostic accuracy. Since not all
biomarkers are perfect and do not have an AUC of 1, the cut-point value

is determined so it identifies most of the individuals correctly.

When using a biomarker for determining the state of the patient (MI or
Healthy for example) is used a binary classification (Diseased or healthy,
Yes or NO). Even though there are only two possible outcomes, the
measuring power of the marker is often not perfect so we can get four

possible answers from a ROC analysis:

Predicted Negative (0)Predicted Positive (1)
Actual Negative (0) True Negative (TN) False Positive (FP)
Actual Positive (1) False Negative (FN)True Positive (TP)

The cut-off point of the test is the most important aspect of ROC as if

chosen incorrectly even a marker with 95 accuracy will have errors. Each
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area of the ROC curve can be chosen as a cut-off value and is associated
with test sensitivity (Se) and specificity (Sp). Choosing the cut-off point is
almost always associated with Se and Sp compromise, but it can be
achieved easily when the disease has high mortality (like myocardial
infarction), meaning Se is more important than Sp. Generally, a
reasonable approach is preferred to have maximal possible Se and Sp. Of
course, the perfect (gold-standard) test will have Se and Sp equal to 1.
Selection of the cut-off point criteria depends on the situation the test is
applied for and the importance of Se and Sp. Usually Se at least 0.8 or
more is used to ensure that not many diseased are missed. For estimation
of ROC the ROCit package of Rstudio was used (228-230).
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Results

Choosing the strategy for statistical evaluation of data

Checking the normality of the distribution

The data we obtained measuring the levels of UB, CXCR4 and SDF1 in
serum by ELSIA method is itself inconclusive unless calculated and
analyzed by different statistical methods that can show distribution,
correlation, performance, classification etc. of our proteins of interest.
The results obtained from these calculations will allow us to draw
conclusions how the proteins of interest behave in MI and healthy

patients and further elaborate if they can be used as disease markers.

Shapiro-Wilk normality test shows a correct approach for further data
assessment. The distribution of UB and CXCR4 was not normal (W =
0.86278, p-value = 0.000795 for ubiquitin and W = 0.91851, p-value =
0.01894 for CXCR4) while SDF1 is approximately normally distributed
(W =0.95318, p-value = 0.1773) (Fig. 8.1).

Histogram and density distribution of proteins
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Figure 8.1. Shows density distribution histograms for UB, CXCR4 and
SDF1 (a, b and c accordingly). P value and non-bell shape of histograms
show non normal distribution of UB and CXCR4 and almost ideal bell-
shaped structure for SDF1. W = 0.86278, p-value = 0.000795 for ubiquitin;
W = 0291851, p-value = 0.01894 for CXCR4 and W = 0.95318, p-value =
0.1773 for SDF1.
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The correct strategy according to this data is non-parametrical approach
for UB, CXCR4 and SDF1.

Non-parametric analysis of UB, CXCR4 and SDF1 proteins in
NoDamage and MI groups

For our first calculation we divided the patient serum samples into
NoDamage and MI groups (containing both STEMI and NSTEMI) and
compared the levels of UB, CXCR4 and SDF1 between the groups (Tab.

8.1,8.2).
NoDamage MI
Ubng.m | CXCR4ng. | SDFlng.m | Ubng.m | CXCR4ng. | SDFlng.m
1 ml 1 1 ml 1
28 0.5 0.6 55.5 0.3 0.72
35.5 0.4 0.5 55.5 0.25 0.8
28 0.6 0.81 55.5 0.2 0.72
35.5 0.3 0.7 40 0.9 0.8
28 0.5 0.6 39 0.8 0.3
35.5 0.35 0.5 64 0.9 0.74
25 0.2 0.49 73.2 0.8 0.5
20 0.3 0.51 41 0.9 0.8
19 0.1 0.64 39 0.8 0.3
18 0.9 0.75 62 0.41 0.8
30 0.2 0.49 80 0.43 0.84
25 0.3 0.64 80 0.45 0.8
51 0.1 0.64 100 1 1
40 1.1 0.8 40 1.1 0.65
114 0.8 0.74
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40 1.2 0.65

114 1.1 1

38 1 0.65

Table 8.1. Summary and visualization of the total data set. All numbers
are given In nanograms per milliliter. Data set of ELISA results in
myocardial infarction (MI) and patients without cardiac damage
(NoDamage). All the numbers are arithmetic average of three ELSIA
measurements of the same sample group. Each sample has multiple
patient serum as levels of UB, CXCR4 and SDF1 were measured in groups

of patients with the same parameters. Hence 32 results and 120 initial

patients.
. Diagnosi mea mi media ma
Proteins n SD Ql Q3
s n n n X
1 628 | 257 78. | 11
MI 38 |40 |55.5
8 |2 5 3 4
UB ng/ml
NoDama |1 |29.8 35.
9.02 |18 |25 |28 51
ge 419 5
1 0.4 0.9
MI 0.74 | 032 | 0.2 0.8 1.2
CXCRé4ng/ 8 3 7
ml NoDama | 1 0.2
0.42 | 0.29 | 0.1 032 |05 |11
ge 4 2
1 0.6
MI 0.71 | 0.19 | 0.3 074 |08 |1
SDF1 8 5
ng/ml NoDama | 1 0.4 0.6 | 0.8
0.62 | 0.11 0.5 | 0.62
ge 4 9 9 1

Table 8.2. Summary data of all three proteins according to diagnosis. N
(number of data), mean, SD (standard deviation), median, min (minimal

measurement number), max (maximal measurement number), range, se
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(standard error). Data used for evaluation of box plots for UB, CXCR4 and
SDF].

As distribution of variables was not normal for all of the proteins, we
used Non-parametrical Mann-Whitney t-test to compare the difference
in the amount of proteins in case of different diagnosis. The alternative
hypothesis being: true location shift is not equal to 0. As can be seen in
Tab. 8.3. the statistically important difference (P value < 0.05) was shown
for UB, CXCR4 and SDF1 proteins when comparing MI and NoDamage
groups (Fig.8.1).

N| Prot | grou | gro | nlNoda | n | statis | . | P. Eff | magni
ein | pl up2 | mage 2 | tics | val | value | ect | tude
ng/ M ue | signifi | siz
ml I cance |e

1| UB | Heal | MI |14 1115 | 0.0 | ™ 0.7 | large

thy 8 001 7

2| CX | Heal | MI |14 1|60 00 |~ 0.4 | mode
CR4 | thy 8 1 4 rate

3| SDF | Heal | MI | 14 1705 {00 |~ 0.3 | mode
1 thy 8 35 75 | rate

Table 8.3. The alternative hypothesis: true location shift is not equal to 0.

Pindicates P value. W indicates W value.
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Figure 8.2. a, b and c --- Wilcoxon rank sum test to compare significance

of differences of proteins amount for Nodamage and MI groups: UB(a),
CXCR4(b) and SDFI(c).

d, e and f--- box plots and distribution of UB (d), CXCR4 (e) and SDF1 (f)
for NoDamage and MI groups. The horizontal axis -- concentration of

proteins in ng/ml; vertical axis -- the percentage of total protein present.

Fig. 8.2. a, d. indicates that in NoDamage group 80% of Ubiquitin has a
low concentration range (from 5 to 15ng/ml) and the approximately 20%

is in 16 to 35 ng/ml range. For MI group 100% of the protein is above the
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15 ng/ml range, 80% being in the 16 to 35 ng/ml and the rest located even
in the higher concentration range. This graph clearly shows that patients
with MI have a higher concentration of UB in majority of cases compared

to NoDamage group.

Fig. 8.2. b, e. shows that in NoDamage group 75% of protein is distributed
in 0.1 to 0.6 ng/ml range. While the remaining 25% lies in 0.6 to 1.3
ng/ml range. The MI group 80% of the protein is in 0.6 to 1.6 ng/ml range
and only 20% is in the 0.1 to 0.6 ng/ml range. While there is some
overlap in the distribution of proteins in NoDamage and MI groups the
80% of proteins in MI patients has a significantly higher concentration

compared to NoDamage group.

Fig. 8.2. ¢, f. shows that in NoDamage group 75% of proteins are
distributed between 0.4 to 0.7 ng/ml ranges. The rest being in the 0.75 to
1.1 ng/ml range. In MI group SDF1 comprises different concentration
ranges with approximately 70% of proteins located in the 0.75 to 1.1
ng/ml range. Despite the overlap in MI the SDF1 has higher
concentration in 70% and in NoDamage has a lower concentration in
75%.

By analyzing data from Tables 8.1. - 8.3. and Fig. 8.2. we conclude that
concentration of UB, CXCR4 and SDF1 differs in MI and NoDamage
groups. But to see the statistically significant difference, we used non-
parametrical Mann-Whitney test in Tab. 8.3. The test results presented in
Tab. 8.3. show the statistically important difference (P value < 0.05) for
UB, CXCR4 and SDF1 proteins when comparing MI and NoDamage
groups. Which proved our initial conclusions. It should be noted that for
all three proteins of interest the concentration in MI group was higher

compared to NoDamage group.

Correlation analysis of UB, CXCR4 and SDF1

As all three investigated proteins share the receptor ligand relationship,
we analyzed their correlation to see if they have any positive or negative
correlation in serum and if this correlation varies according to diagnosis.

The correlation test was made by Spearman method. Knowledge of
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correlation between UB, CXCR4 and SDF1 could help us in the
understanding the variability of molecular relationships caused by
diagnosis. This data along with serum levels of proteins can be used in the

further medical implementation of our research (Fig. 8.3.).

a. MI b. Healthy
02 04 05 08 10 1.2 20 10
" Whbgag.mi ook F g.ml [ e
/ F A b e
My > | 9861 ) -
| i L = [ =
= » 7 CXOR4ng, ml e KGR4ng.ml
o \ 1 A
= :I_./ \ 0038 = ° r"l ’_ﬁ 0. 46
L] / A
; = __ | e 1 o & n ‘f :‘] 8
o 24 PRT SDF1riml ; B ) s ] — ?E g ml E 3
" ERN ARN P R= 4 / b8
D o mAbs [ " -
40 5.0 80 |;O [ ) 0s o7 09 IQ ' 'Ic T IJ ’ ‘; ﬂl}c 0‘53 IAI.AIC:'t °

Figure 8.3. Correlation test for proteins of MI (a) and Healthy (b) groups.

It is evident the positive correlation between UB and SDF1 in MI group
with Correlation coefficient 0.66, P<0.01. Unlike MI groups no
correlation was found in NoDamage group. Even though the correlation
coefficient is 0.46 between CXCR4 and SDF1 the P value is >0.05 making
it statistically insignificant. By this data we concluded that UB and SDF1

correlate mainly in MI group.

Non-parametric analysis of UB, SDF1 and CXCR4 proteins in
NoDamage and MI groups according to sex

Measurement method of troponin levels for diagnosis of MI has same cut-
off values for both males and females, due to standard methodology
which doesn’t take into the account patients’ sex. However, levels of
many blood and plasma proteins are different in males and females. For
example, testosterone, estrogen, hemoglobin, creatinine, etc. For this
reason, we divided the serum samples into MI male, MI female,
NoDamage male and NoDamage female groups and measured the results
to see if sex could be a factor in the fluctuation of serum levels of UB,
CXCR4 and SDF1 according to diagnosis. Tab. 9.1 shows the complete

data-sets for all four groups.

a
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Ubiquitin ng/ml n | mean | SD mi | Ql | media | Q3 | ma
n n X
Diagnos | MI 2 | 64.12 | 24.03 | 38 | 40 60 75 | 114
is 119 4
NoDama |8 |285 | 1157 |18 |19.7 | 25 32. | 51
ge 6 5 5
Sex Female 1 | 4658 | 17.48 | 18 | 39 40 60 |75
4 |6 0
Male 1 [ 6150|3191 |20 |35 61.5 82 | 114
510 7/
b
CXCR4 ng/ml n {mea |SD |mi |Ql | media | Q3 | ma
n n n X
Diagnos | MI 2 1083 031 |02 (072 |09 1.0 |15
is 1|7 8 0
NoDama |8 | 0.4 |038 | 0.1 |0.17 | 0.25 045 | 1.1
ge 2 5 0
Sex Female 1 1085 038 |0.1 |[0.74 |0.85 1.1 1.5
4 |3 5 0
Male 11059 |034 |02 [025 |05 09 |11
513 3
C
SDF1 ng/ml n |{mea |[SD |mi |Ql |media | Q3 |ma
n n n X
Diagnos | MI 2 1072 {0.18 | 0.3 | 0.65 | 0.735 |0.80 |1
is 7 |4 8 0 0
NoDama |1 [0.62 |0.11 | 0.4 | 0.50 | 0.640 |0.68 | 0.8
ge 4 |0 7 9 5
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Sex Female 1 1062 |0.15 |03 | 0.64 | 0.65 0.72 | 0.8
4 |8 9 0 0 9
Male 11075 |0.17 |04 | 0.67 | 0.8 082 |1
4 |7 2 9 5

Table 9.1 a, b and c Summary data of all three proteins according sex and

diagnosis.

As can be seen from Fig. 9.1 while UB and CXCR4 concentrations are
higher in MI group both in males and females, the concentration
difference is larger in males. As for SDF1, in males it follows the typical
pattern being significantly higher in MI compared to NoDamage group,
but in females the opposite is observed NoDamage female patients having
higher concentration of SDF1 compared to MI group. Data visualization
in Fig. 9.1.
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Figure 9.1. UB (a), CXCR4 (b) and SDFI (c) data according to diagnosis
and sex. Female NoDamage — Female MI, Male NoDamage — Male MI
groups for the UB, CXCR4 and SDF1 proteins accordingly.

While UB and CXCR4 concentrations are higher in MI group both in
males and females, the concentration difference is larger in males. For
SDF1, in males it follows the typical pattern being significantly higher in
MI compared to NoDamage group, but in females the opposite is observed
NoDamage female patients having higher concentration of SDF1
compared to MI group. To prove the significance of the data of

comparison of sex and diagnosis relationship we use ANOVA test.
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ANOVA test of UB, SDF1 and CXCR4 proteins in NoDamage and MI

groups according to sex

UB levels are strongly affected by diagnosis, but diagnosis and sex
interaction affect UB levels on the level of statistical tendency, while the
Sex itself has no effect on the diagnosis. CXCR4 levels are affected by
diagnosis and sex affects CXCR4 levels on the level of statistical tendency,
while the Sex itself has no effect on diagnosis. For SDF1 on the contrary
sex is the major determinant of SDF1 levels, the diagnosis also has
statistical significance and the effect of Sex on the diagnosis is large (large
F value) and statistically significant that is in accordance with published
data (Tab. 9.2), (231).

a.
Ubiquitin Df Df.res F value Pr(>F)

Sex 1 25 2.5701 0.121462
Diagnosis 1 25 26.9558 2.2702e-05 **
Sex: 1 25 3.9847 0.056916 .
Diagnosis

b.

CXCR4 Df Df.res F value Pr(>F)

Sex 1 25 3.82408 0.061786 .
Diagnosis 1 25 9.24792 0.005470 **
Sex: 1 25 0.17675 0.677770
Diagnosis

c.

SDF1 Df | Dfres | F value | Pr(>F)

Sex 1 |25 5.1931 | 0.03148090 *

Diagnosis 1 |25 5.8761 | 0.02291395 *
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Sex : Diagnosis | 1 | 25 18.2565 | 0.00024528 ***

Table 9.2. ANOVA analysis for UB(a), CXCR4(b) and SDFI(c). Df, Df.res
— degrees of freedom, Pr — P value. The asterisks indicate the number of P
value: 0 ™, 0.001 "*, 0.01 ™, 0.05 "'

Further Tukey’s test distinguished the difference between results of each
group (Tab. 9.3.). Here we are interested in the comparison of the same

diagnosis groups in case of different sex.

a
Contrast Estimat | SE DF T ratio | P
e
Female, MI - TFemale, | 7.33 3.39 |25 2.155 | 0.1637
NoDamage
Female, MI - Male, MI -7.16 251 |25 -2.853 | 0.04

Female, NoDamage - Male, | 2.88 406 |25 0.708 | 0.8931
NoDamage

Male, MI - Male, NoDamage | 17.05 3.35 | 25 5.176 | 0.0001

b

Contrast Estimate | SE DF T ratio | P
Female, MI - Female, | 7.83 446 |25 1.756 | 0.3174
NoDamage

Female, MI - Male, MI 4.56 329 |25 1.387 | 0.5190
Female, NoDamage - |5.88 533 |25 1.103 | 0.6910
Male, NoDamage

Male, MI - Male, | 9.14 440 |25 2.077 | 0.1880
NoDamage

153




C

Contrast Estimate | SE DF T ratio | P

Female, MI - Female, | -3.621 3.35 25 -1.082 | 0.7032
NoDamage

Female, MI - Male, MI -11.82 247 |25 -4.806 | 0.0003
Female, NoDamage - Male, | 9.12 400 |25 2280 |0.13
NoDamage

Male, MI -  Male, | 17.39 331 |25 5.260 | 0.0001
NoDamage

Table 9.3. Tukey's test for UB(a), CXCR4(b) and SDFI(c). Estimate —
calculation coefficient, SE — standard error, DF — degrees of freedom, T

ratio — T score, and P is P value.

UB levels are strongly affected by diagnosis, but diagnosis and sex
interaction affect UB levels on the level of statistical tendency, while the

Sex itself has no effect on the diagnosis.

CXCR4 levels are affected by diagnosis and sex affects CXCR4 levels on
the level of statistical tendency, while the Sex itself has no effect on

diagnosis.

For SDF1 on the contrary sex is the major determinant of SDF1 levels, the
diagnosis also has statistical significance and the effect of Sex on the

diagnosis is large (large F value) and statistically significant.

As can be seen from section 8 if we compare MI and Nodamage groups
for UB, CXCR4 and SDF1 proteins the statistically important difference
was found for all three proteins. However, when we divided the MI and
NoDamage patients into male and female groups, more interesting results
occurred. For males UB and SDF1 were statistically different in MI and
NoDamage, while CXCR4 levels were not. However, for females, UB and
CXCR4 were higher in MI than no damage group but without the
statistical significance (P value >0.05). For SDF1 female group, not only
was the difference in MI and NoDamage groups not statistically
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significant but the levels of SDF1 were higher in NoDamage group
compared to MI group (Opposite to the SDF1 Male group). This lets us
conclude that when we compared the MI to NoDamage group without
division by sex the statistically important significance for UB, CXCR4 and

SDF1 proteins were due to the male patients.

Correlation analysis of UB, CXCR4 and SDF1 according to
diagnosis and sex

As all three investigated proteins share the receptor ligand relationship,
we analyzed their correlation to see if they have any positive or negative
correlation in serum and if this correlation varies according to diagnosis
and sex. Knowledge of correlation between UB, CXCR4 and SDF1 could
help us in the understanding the variability of molecular relationships
caused by diagnosis. This data along with serum levels of proteins can be
used in the further medical implementation of our research. The results

are presented in Fig. 9.2. below. The correlation was made by Spearman

method.
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Figure 9.2. Correlation of UB, CXC4 and SDFI in MI Male group (a).
Female MI group (b). NoDamage Male group (c). NoDamage Female

group (d).

No statistically significant correlation was observed in MI male group.
The positive correlation of UB/SDF1 pair was observed on the level of
statistical significance in female MI group. There a perfect correlation
coefficient of 1 was obtained in CXCR4/SDF1 pair with a very high level

of statistical significance for Nodamage female group.

While we obtained very statistically important correlation between UB
and SDF1 in MI group when not dividing the groups by sex we did not
see the same correlation when MI groups were divided by sex. This
indicates that there is not any statistically important correlation between
them. It may have happened because the lack of number of samples. At
the same time, we obtained correlation coefficient of 0.94 in NoDamage
male group but with only a statistical tendency and same results were not
present when measured in NoDamage total groups (male + female).
Again, we came to the conclusion that sex may be very important for the
correlation of these proteins and requires further investigation to increase
the number of groups as every statistical analysis works better with

increased number of data.
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Non-parametric analysis of UB, SDF1 and CXCR4 proteins in

NoDamage, STEMI and NSTEMI groups

As discussed earlier, STEMI and NSTEMI have different treatment
guidelines and NSTEMI can be harder to diagnose in patients with

diseases where troponin is chronically elevated. For this reason, we
divided patients into NoDamage, STEMI and NSTEMI groups to further
measure and understand the concentration and correlation differences of
UB, CXCR4 and SDF1 in healthy and diseased states. The summary of

data sets used for the calculations are presented in Tab.10.1. As can be

seen on Fig. 10.1 the concentration of all three proteins is as follows:

STEMI>NSTEMI>NoDamage, however there is significant overlap
especially for CXCR4 and SDF1 proteins.

) Diagnosi mea mi medi ma
Proteins sd Q1 Q3
] n n an X
NoDama 29.8 35.
9.02 18 |25 |28 51
ge 9 5
Ubiquitin 51.4 55. | 73.
NSTEMI 124 139 |40 |555
ng/ml 1 5 |2
74.2 | 31.0 10 | 11
STEMI 38 |40 | 80
2 2 0 4
NoDama 0.2
0.42 1 0.29 | 0.1 032 |05 1.1
ge 2
CXCR4ng/m
1 NSTEMI 06503 |02]03 |08 09 |09
04|04
STEMI 0.83 | 0.32 1 5 1 1.1 | 1.2
NoDama 0.4 0.6 | 0.8
0.62 | 0.11 0.5 | 0.62
ge 9 8 1
SDF1 ng/ml
NSTEMI 0.63 10210305072 |08 |08
STEMI 079 10.14 | 06 | 06 | 0.8 08 |1
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Table 10.1. NoDamage, STEMI and NSTEMI groups. Concentration and
correlation difterences of UB, CXCR4 and SDF1 in healthy and diseased
states. The summary of data sets.

a  Wilcoxontest, W=865,p = 4e.04,n =23 b Wilcoxontest, W = 5, p = 0.00028, n = 23 c Wilcoxon test, W = 24, p =0.15,n = 18
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Figure 10.1 a-1 — Statistical reliability of UB,
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- representing distribution of UB, CXCR4 and SDFI in NoDamage,
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STEMI and NSTEMI groups. The horizontal axis shows concentration of
proteins in ng/ml and vertical one shows the percentage of total protein

present.

Chart —j - for UB indicates that in NoDamage group 65% of ubiquitin has
a low concentration range (from 5 to 15ng/ml) and the approximately
30% is in 15 to 25 ng/ml range. NSTEMI group 60% of UB is distributed
above the 25 ng/l range, 40% in the 15-25 ng/ml range. At the same time
in STEMI group only 30% of UB is in the range of 15 to 25 ng/ml range
while the rest is above 25 ng/ml. This graph clearly shows that patients
with STEMI and NSTEMI have a higher concentration of UB in majority

of cases compared to NoDamage group.

Chart - k - for CXCR4 shows that in NoDamage group 80% of protein is
distributed in 0.1 to 0.7 ng/ml range. While the remaining 20% lies in 0.8
to 1.3 ng/ml range. The NSTEMI group 60% of the protein is located in
0.6 to 1.1 range. The remaining 40% being distributed in the low 0.1-0.5
ng/ml range. In STEMI group 70% of CXCR4 is above the 0.6 ng.ml range
while the rest in 0.2-0.4 ng/ml range. While there is some overlap in the
distribution of proteins in NoDamage, NSTEMI and STEMI groups the
majority of proteins in NSTEMI and STEMI patients still has a higher

concentration compared to NoDamage group.

Chart — 1 - for SDF1 shows that in NoDamage group 80% of proteins are
distributed between 0.4 to 0.7 ng/ml range. The rest being in the 0.75 to 1
ng/ml range. In NSTEMI group SDF1 comprises different concentration
ranges with approximately 70% of proteins located in the 0.7 to 0.9 ng/ml
range while STEMI group SDF1 is relatively equally distributed between
0.5-1.1 ng/ml range. Unlike the graphs a and b, the protein concentration
distribution between NoDamage, NSTEMI and STEMI groups seems

relatively equal.

We again used Non-parametrical Mann-Whitney t-test to compare the
difference in the amount of proteins in case of different diagnosis. The

alternative hypothesis being: true location shift is not equal to 0.
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) Effect .
Protein groupl group2 ) nl | n2 | magnitude
size

NoDamage | NSTEMI | 0.74 14 |9 large

Ubgng.ml  ['NoDamage | STEMI | 076 |14 |9 | large

NSTEMI STEMI | 0.35 9 9 moderate

NoDamage | NSTEMI | 0.3 14 |9 | moderate

CXCR4ng.ml | NoDamage | STEMI | 0.57 14 |9 large

NSTEMI STEMI 0.38 9 9 moderate

NoDamage | NSTEMI | 0.139 |14 |9 small

SDFIng.ml | NoDamage | STEMI | 059 |14 |9 |large

NSTEMI STEMI |034 |9 9 moderate

Table 10.2. Mann-Whitney t-test. The statistically important difference
(P value < 0.05) was shown in all three proteins when comparing STEMI
patients with no damage groups and in UB proteins when comparing
NSTEMI and NoDamage groups.

As can be concluded from the data above the statistically important
differences for UB are present between NoDamage/STEMI and
NoDamage/NSTEMI groups. As for CXCR4 and SDF1 the difference was

shown for NoDamage/STEMI groups only.

Correlation analysis of UB, CXCR4 and SDF1 according to STEM],
NSTEMI and NoDamage groups

We built correlation matrix that shows how the distribution of data
correlates with each other in a graphical from for every diagnosis group
(NoDamage, STEMI, NSTEMI). The correlation was made by Spearman
correlation coefficient (Fig. 10.2). In STEMI group the correlation is only
between UB and SDF1 (correlation coefficient is 0.75 and P value < 0.05).
No other correlation between UB, CXCR4 and SDF1 was observed in
STEMI, NSTEMI and NoDamage groups.
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Figure 10.2. STEMI(a), NSTEMI(b) and NoDamage(c) groups. Correlation
between protein concentrations respectively. In STEMI group the
correlation is only between UB and SDFI (correlation coefficient is 0.75
and P value <0.05). No other correlation between UB, CXCR4 and SDF1
was observed in STEMI, NSTEMI and NoDamage groups.
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Receiver Operating Characteristic Curve (ROC) analysis of protein
for NoDamage, STEMI and NSTEMI groups

Finally, we did ROC test to examine the effectiveness of UB, CXCR4 and
SDF1 as markers of MI. We also did the ROC test for Troponin to
compare our hypothetical markers to the gold standard. Results of STEMI
and NSTEMI patients were considered to be positive and results of
NoDamage patients negative (same classification is done for all medical
tests in general practice). As myocardial infarction is a very serious
disease with very high mortality and complication rates, the Sensitivity
was the number one concern. We wanted to make a cut-off value so that
STEMI and NSTEMI patients were not considered as negative (in short no
False Negative patients).

Ubiquitin, SDf1.CXCR4. Troponin data evaluation

Tab. 11.1 represents the predicted probabilities and cut-off point analysis
of STEMI, NSTEMI and NoDamage groups for UB, CXCR4, SDF1 and
Tnl.

Fig. 11.1 is ROC curve for UB, CXCR4, SDF1 and TnI where black line is
for STEMI condition and red line — for NSTEMI condition.

All the results are discussed below.
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Table 11.1 Summary data of cutoff analysis for all proteins. Probabilities
and corresponding cutoff in concentration units and probabilities are
included. TP- True positive rate, FP — False positive rates, TN — True
negative rates, FN — False negative rates, ACC — accuracy, SENSE —
Sensitivity, SPEC — Specificity, FSCR - Full scale range.
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Figure 11.1. a. STEMI - solid black, NSTEMI — solid red ROC curves for
ubiquitiny b. STEMI - solid black, NSTEMI — solid red ROC curves for
CXCR4; c¢. STEMI - solid black, NSTEMI — solid red ROC curves for
SDFI1; d STEMI - solid black, NSTEMI — solid red ROC curves for

troponin.

For UB (Fig. 11.1. a, Tab. 11.1) we saw that the cut-off value was 0.27 and
0.39 for STEMI and NSTEMI respectively. Not only we did not have any
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False Negative (FN) patients at this level but the number of False Positive
(FP) patients was low: for both STEMI and NSTEMI less than 10% of all

patients tested.

Cut-off values have been studied via calculations of minimal FP and
maximal TP 38ng/ml and 39ng/ml of UB in serum for STEMI and
NSTEMI correspondingly. Meaning the test considers patients having the
serum levels of more than UB 38 ng/ml (STEMI) and 39 ng/ml (NSTEMI)
to have MI. In the end as seen on Figure 1 STEMI and NSTEMI AUC
covers 89% and 90% of the whole area respectively. Indicating the very

high positive predictive value of the test.

For CXCR4 (Fig.11.1. b., Tab. 11.1) the cut-off value with no FN patients
in STEMI and NSTEMI groups was 0.22 and 0.21 respectively. Meaning
the test considers patients having the serum levels of more than CXCR4
0.41 ng/ml (STEMI) and 0.2 ng/ml (NSTEMI) to have MI. The problem
was the increased number of FP patients especially for NSTEMI. (5 or
22% of all patients tested were FP for STEMI and 12 or almost 50% of all
patients were FP for NSTEMI). The AUC was 81% for STEMI and 70%
for NSTEMI indicating it as a poor prognostic marker for MI especially
NSTEMI which is usually harder to detect compared to STEMI.

For SDF1 (Fig.11.1. c., Tab. 11.1) the cut-off value where we had 0 FN
patients was 0.26 for STEMI and 0.35 for NSTEMI. Meaning the test
considers patients having the serum levels of more than SDF1 0.65 ng/ml
(STEMI) and 0.35 ng/ml (NSTEMI) to have MI. There the number of FP
patients was 4 (or 17%) for STEMI and 14 for NSTEMI. The AUC also
supported the analysis showing 80% for STEMI and only 56% for
NSTEMI (meaning SDF1 marker for NSTEMI accuracy is close to 50/50
chance of flipping a coin). However, our results showing SDF1 levels in
man and women to be opposite should not be neglected (see above).
Further research according to gender is required to fully accesses the

effectiveness of SDF1 as a marker of MI.

Last but not least the ROC of the gold marker Troponin (Fig.11.1. d.,
Tab.11.1) showed perfect results. With cut-off value having 0 FN and FP
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patients and The AUC being the 100% both for STEMI and NSTEMI. This
was expected and we calculated the Troponin ROC only to compare it the
markers of interest. It should be remembered that UB CXCR4 and SDF1
are studied as MI markers for cases when Troponin levels are chronically

elevated (e.g. CKF) and cannot be used for the diagnostic tests.

Discussions

To choose the correct strategy for our statistical calculations we needed to
conduct Shapiro-Wilk test to check normality of distribution for UB,
CXCR4, SDF1. As we can see according to Shapiro-Wilk test UB does not
follow the normal distribution as P value is less than 0.05. SDF1 has P
>0.05 following normal distribution and CXCR4 has a normal distribution
on the level of statistical significance (P value = 0.05612). HO is
Hypothesis 0 that states that the data does not follow the normal
distribution (P >0.05). The distribution histogram is presented in Figure
7.1. The correct strategy according to this data is to use non-parametrical

approach for all further calculations.

First, we divided the patients in MI and NoDamage groups. The full data-
set for these groups is presented in Table 8.1. According to Tables 8.1, 8.2
and Figure 8.1, we can conclude that concentration of UB, CXCR4 and
SDF1 differs in MI and NoDamage groups. To prove this, we used non-
parametrical Mann-Whitney test. Mann-Whitney test shows if there is a
statistically significant difference in protein concentration between two
groups. The test results presented in Table 8.3 and Figure 8.1 a-c show the
statistically important difference (P value <0.05) for UB, CXCR4 and
SDF1 proteins when comparing MI and NoDamage groups. It should be
noted that for all three proteins of interest the concentration in MI group

was higher compared to NoDamage group Figure 8.1.

As all three investigated proteins share the receptor ligand relationship,
we analyzed their correlation to see if they have any positive or negative
correlation in plasma and if this correlation varies according to diagnosis.
The correlation was made by spearman correlation coefficient.
Knowledge of correlation between UB, CXCR4 and SDF1 could help us in

the understanding the variability of molecular relationships caused by
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diagnosis. This data along with serum levels of proteins can be used in the
further medical implementation of our research. The correlation results
are presented in Fig. 8.2. Fig. 8.2 . a. shows correlation for MI group. Fig.
8.2. b. shows correlation inside the NoDamage group. When divided into
groups no statistically significant correlation was observed for NoDamage
patients (Fig. 8.2.b) and for MI patients (Figure 8.2.c.) correlation was
observed only in UB/SDF1 pair. By this data we can conclude that UB and
SDF1 correlate mainly in MI group.

Measurement method of troponin levels for diagnosis of MI has same cut-
off values for both males and females, due to standard methodology
which doesn’t take into the account patients’ sex. However, levels of
many blood and plasma proteins are different in males and females. For
example, testosterone, estrogen, hemoglobin, creatinine, etc. For this
reason, we divided the serum samples into MI male, MI female,
NoDamage male and NoDamage female groups and measured the results
to see if sex could be a factor in the fluctuation of serum levels of UB,
CXCR4 and SDF1 according to diagnosis. Table 9.1 show the data-sets for
all four groups. As can be seen from Figure 9.1 while UB and CXCR4
concentrations are higher in MI group both in males and females, the
concentration difference is larger in males. As for SDF1, in males it
follows the typical pattern being significantly higher in MI compared to
NoDamage group, but in females the opposite is observed NoDamage
female patients having higher concentration of SDF1 compared to MI
group.

To explain distribution of variances of of UB, CXCR4 and SDF1
concentration according to groups we used ANOVA test, which showed
us if the protein levels were affected by diagnosis, sex and if sex had any
effect on diagnosis itself (Table 9.2). UB levels are strongly affected by
diagnosis, but diagnosis and sex interaction affect UB levels on the level
of statistical tendency, while the Sex itself has no effect on the diagnosis.
CXCR4 levels are affected by diagnosis and sex affects CXCR4 levels on
the level of statistical tendency, while the Sex itself has no effect on

diagnosis. For SDF1 on the contrary sex is the major determinant of SDF1
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levels, the diagnosis also has statistical significance and the effect of Sex

on the diagnosis is large (large F value) and statistically significant.

Finally to compare the difference between each group we did Tukey’s test
with results presented in Table 9.3. Since Tukey’s test is designed to
compare all the groups indiscriminately there, we will consider only the
results. There we will discuss only the results that make sense, as for
example comparing Male MI group and Female NoDamage group
concentration of UB would not be logical. As can be seen from section 8 if
we compare MI and NoDamage groups for UB, CXCR4 and SDF1 proteins
the statistically important difference was found for all three proteins.
However, when we divided the MI and NoDamage patiens into male and
female groups, more interesting results occurred. For males UB and SDF1
were statistically different in MI and NoDamage, while CXCR4 levels
were not. However, for females, UB and CXCR4 were higher in MI than
no damage group but without the statistical significance (P value >0.05).
For SDF1 female group, not only was the difference in MI and NoDamage
groups not statistically significant but the levels of SDF1 were higher in
NoDamage group compared to MI group (Opposite to the SDF1 Male
group). This lets us conclude that when we compared the MI to
NoDamage group without division by sex the statistically important
significance for UB, CXCR4 and SDF1 proteins were due to the male

patients.

Last but not least we measured correlation between UB, CXCR4 and
SDF1 proteins in Male and Female groups according to diagnosis. Only
one positive correlation was shown in MI group in Females between UB
and SDF1 on the level of statistical significance. As for NoDamage group
while we obtained very statistically important correlation between UB
ans SDF1 in MI group when not dividing the groups by sex we did not see
the same correlation when MI groups were divided by sex. This indicates
that there is not any statistically important correlation between them. It
may have happened because the lack of number of samples. At the same
time, we obtained correlation coefficient of 0.94 in NoDamage male

group but with only a statistical tendency and same results were not
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present when measured in NoDamage total groups (male+female). Again,
we came to the conclusion that sex may be very important for the
correlation of these proteins and requires further investigation to increase
the number of groups as every statistical analysis works better with
increased number of data. Same can be said for the NoDamage Female
group as a perfect correlation coefficient of 1 was obtained in
CXCR4/SDF1 pair with a very high level of statistical significance Fig.9.2.

As discussed earlier STEMI and NSTEMI have different treatment
guidelines and NSTEMI can be harder to diagnose in patients with
diseases where troponin is chronically elevated. For this reason, we
divided patients into NoDamage, STEMI and NSTEMI groups to further
measure and understand the concentration and correlation differences of
UB, CXCR4 and SDF1 in healthy and diseased states. (The data sets used
for the calculations are presented in table 10.1.). As can be seen on Fig.
10.1 the concentration of all three proteins is as follows:
STEMI>NSTEMI>NoDamage, however there is significant overlap
especially for CXCR4 and SDF1 proteins.

Again, we did a non-parametric Mann-Whitney test (distribution of
proteins is not normal, Table 10.2) which showed statistically important
difference (P value <0.05) in all three proteins when comparing STEMI
patients with no damage groups and in UB proteins when comparing
NSTEMI and NoDamage groups (Tables 10.2., Fig.10.1.).

We built correlation matrix that shows how the distribution of data
correlates with each other in a graphical from for every diagnosis group
(NoDamage, STEMI, NSTEMI). The correlation was made by spearman
correlation coefficient (Figure 10.5). In STEMI group the correlation is
only between UB and SDF1 (correlation coefficient is 0.75 and P value
<0.05). No other correlation between UB, CXCR4 and SDF1 was observed
in STEMI, NSTEMI and NoDamage groups Fig.10.2.

Finally, we did ROC test to examine the effectiveness of UB, CXCR4 and
SDF1 as markers of MI. We also did the ROC test for Troponin to
compare our hypothetical markers to the gold standard. We divided the
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patients into NoDamage, STEMI and NSTEMI groups. And diseased
patients were considered to be positive and NoDamage patients negative
(same classification is done for all medical tests in general practice). As
myocardial infarction is a very serious disease with very high mortality
and complication rates, the Sensitivity was the number one concern. We
wanted to make a cut-off value so that no MI patient was considered
negative if they had the STEMI or NSTEMI (in short no False Negative
patients).

For UB we saw that the cut-off value was 0.27 and 0.39 for STEMI and
NSTEMI respectively. Not only we did not have any FN patients at this
level but the number of False Positive (FP) patients was low: 2 for both
STEMI and NSTEMI less than 10% of all patients tested. Also, as can be
seen from Table 1 cut-off values correspond to the 38ng/ml and 39ng/ml
of UB in serum. Meaning the test considers patients having the levels of
more than UB 38 ng/ml (STEMI) and 39 ng/ml (NSTEMI) to have MI. In
the end as seen on Figure 1 STEMI and NSTEMI AUC covers 89% and
90% of the whole area respectively. Indicating the very high positive

predictive value of the test.

For CXCR4 the cut-off value with no FN patients in STEMI and NSTEMI
groups was 0.22 and 0.21 respectively. Meaning the test considers patients
having the serum levels of more than CXCR4 0.41 ng/ml (STEMI) and 0.2
ng/ml (NSTEMI) to have MI. The problem was the increased number of
FP patients especially for NSTEMI. (5 or 22% of all patients tested were
FP for STEMI and 12 or almost 50% of all patients were FP for NSTEMI).
The AUC was 81% for STEMI and 70% for NSTEMI indicating it as a
poor prognostic marker for MI especially NSTEMI which is usually
harder to detect compared to STEMI.

For SDF1 the cut-off value where we had 0 FN patients was 0.26 for
STEMI and 0.35 for NSTEMI. Meaning the test considers patients having
the serum levels of more than SDF1 0.65 ng/ml (STEMI) and 0.35 ng/ml
(NSTEMI) to have MI. There the number of FP patients was 4 (or 17%)
for STEMI and 14 for NSTEMI. The AUC also supported the analysis

showing 80% for STEMI and only 56% for NSTEMI (meaning SDF1
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marker for NSTEMI accuracy is close to 50/50 chance of flipping a coin).
However, our results showing SDF1 levels in man and women to be
opposite should not be neglected (see above). Further research according
to gender is required to fully accesses the effectiveness of SDF1 as a
marker of ML

Last but not least the ROC of the gold marker Troponin showed perfect
results. With cut-off value having 0 FN and FP patients and The AUC
being the 100% both for STEMI and NSTEMI. This was expected and we
calculated the Troponin ROC only to compare it the markers of interest.
It should be remembered that UB CXCR4 and SDF1 are studied as MI
markers for cases when Troponin levels are chronically elevated (e.g.

CKF) and cannot be used for the diagnostic tests.

Conclusions

1. When comparing MI and NoDamage group concentration of UB,
CXCR4 and SDF1 proteins, the statistically significant difference
was shown for all of them strengthening our initial assumptions that
they could be used as MI markers when Troponin is chronically
falsely elevated. The concentrations of all three proteins of interest

were higher in MI group compared to NoDamage group.

2. A positive correlation was found between UB and SDF1 in MI
patients with a correlation coefficient of 0.66. No correlation was

found in NoDamage group. UB and SDF1 correlate mainly in MI
group.

3. For males UB and SDF1 were statistically different in MI and
NoDamage, while CXCR4 was on the level of statistical significance.
For females, UB and CXCR4 were higher in MI than no damage group
but without the statistical significance. SDF1 for female group, not
only was the difference in MI and NoDamage groups not statistically
significant but the levels of SDF1 were higher in NoDamage group
compared to MI group (Opposite to the SDF1 Male group). When
compared the MI to NoDamage group without division by sex the
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statistically important significance for UB, CXCR4 and SDF1 proteins

was probably due to the male patients.

The correlation between UB, CXCR4 and SDF1 pairs we obtained:
positive correlation of UB/SDF1 pair on the level of statistical
significance in female MI group, CXCR4/SDF1 pair positive
correlation on the level of statistical significance in male NoDamage
group and a perfect correlation coefficient of 1 was obtained in
CXCR4/SDF1 pair with a very high level of statistical significance for
the NoDamage Female group.

In STEMI, NSTEMI and NoDamage groups UB proved and excellent
marker for MI showing the statistically important difference between
NoDamage/STEMI and NoDamage/NSTEMI groups. As for CXCR4
and SDF1 the difference was shown for NoDamage/STEMI groups
only.

Positive correlation between UB and SDF1 was observed only in
STEML.

The ROC test showed the effectiveness of UB, CXCR4 and SDF1 as

markers of MI compared to Troponin.

For UB the number of False Positive (FP) patients was low: less than 10%

of all patients tested and AUC covers 89% and 90% of the whole area for

STEMI and NSTEMI respectively. Indicating the very high positive

predictive value of the test (89 and 90 percent sensitivity).

For CXCR4 the problem was the increased number of FP patients
especially for NSTEMI (22% of all patients tested were FP for STEMI and
almost 50% of all patients were FP for NSTEMI). The AUC was 81% for
STEMI and 70% for NSTEMI indicating it as a poor prognostic marker for

MI especially NSTEMI which is usually harder to detect compared to
STEML.
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For SDF1 the number of FP patients was 17% for STEMI and 44% for
NSTEMI. The AUC also supported the analysis showing 80% for STEMI
and only 56% for NSTEMI (meaning SDF1 marker for NSTEMI accuracy
is close to 50/50 chance of flipping a coin).

However, our results showing SDF1 levels in man and women to be
opposite should not be neglected.

The ROC of the gold marker Troponin showed perfect results. With cut-
off value having 0 FN and FP patients and the AUC being the 100% both
for STEMI and NSTEMI.

8. The results indicate that UB can be an alternative new marker for MI
diagnosis. Separate MI study where only patients with CKD will
participate should be done to determine the effectiveness of UB.
Further studies in males and females are required to determine SDF1

usefulness as an MI marker.
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