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SUMMARY

Introduction: Due to the increasing prevalence of cirrhosis of the liver globally, there is a need for a
better understanding of its repercussions on the cardiovascular system. Although there are numerous
studies in the literature addressing this topic, there is a need for a better understanding of the damage
to the heart as well as the damage to the peripheral vascular system in patients with end-stage liver
disease. Cirrhotic cardiomyopathy is most recently defined by the presence of exertional systolic
dysfunction, diastolic dysfunction and electrophysiologic changes. The impact of these conditions is
unfavorable for the patient, especially in the post liver transplantation period. Thus, a more accurate
and earlier diagnosis of cirrhotic cardiomyopathy as well as vascular endothelial dysfunction could play
an important role in the evaluation of cirrhotic cardiomyopathy with potential prognostic implications
for patients and possible public health policy implications.

Objectives: The PhD thesis aims to better understand cirrhotic cardiomyopathy by defining and
comparing different parameters of systolic and diastolic dysfunction and assessing autonomic
dysfunction by different parameters. It also aims to study in depth the peripheral vascular endothelial
dysfunction by using elements with increased accuracy in its estimation

Materials and Methods:The PhD work comprised three separate research studies. Data collection had
ethics committee approval and was performed between November 2019 and March 2024. The first
study evaluated various parameters of systolic and diastolic dysfunction on exercise in a group of 70
patients with liver cirrhosis .The parameters used were compared and their accuracy and their
correlation with the severity of liver disease were statistically analyzed. In the second study, the focus
was on the evaluation of electrophysiologic alterations in a sample of 60 patients with liver cirrhosis and
comparison with a control group of 50 patients with no known pathology. For a better understanding,
different variables were used to follow patients in different situations (rest, parasympathetic stimulation
maneuvers, during exercise and post-exercise but also with 24-hour monitoring). The third study
evaluated vascular endothelial dysfunction by various methods (LBF - lower limb blood flow and LVC -
lower limb vascular conductance), at rest and during exercise, in a group of 78 patients with liver
cirrhosis and compared them with a control group of 30 patients as well as comparisons between
subgroups according to the etiology of cirrhosis and APRI score. Study results were statistically analyzed
by various specific methods.

Results: The results of the first study showed that the TEl index is a sensitive and specific method in
detecting systolic dysfunction compared to left ventricular ejection fraction and that it correlates with
the degree of liver damage. Also E/Vp is a superior parameter compared to E/A in the diagnosis of
diastolic dysfunction and that this parameter also correlates with the degree of liver damage. The
second study showed low values of Valsalva index, 24-hour heart rate variability expressed as
SDNN(standard deviation of N-N intervals) and post-exercise heart rate in patients with cirrhosis
compared to healthy patients. No statistically significant differences were noted between QTc intervals
in the two groups. There were also no statistically significant differences in the comparative analysis of
toxic and non-toxic etiology subgroups. The results of the third study showed higher resting LBF and LVC
values at rest only when comparing the ethanolic etiology subgroup with the control group, with no
significant difference when comparing the two main groups. On effort, statistical significance was also
found when comparing the main group with the control group as well as when comparing all subgroups
of cirrhotic patients with the control group. Patients with APRI score above 1.5 had higher LBF and LVC
values compared to the control group and also when comparing with those with APRI score below 1.5.
LVC results were in agreement with LBF.
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Discussion: The present work provides a comprehensive investigation of the diagnosis of cirrhotic
cardiomyopathy and vascular endothelial dysfunction by multiple methods. The first study showed that
both systolic dysfunction parameters (EF and TEl index) had normal values at rest. This finding is
consistent with existing data in the literature and can be partly explained by the ubiquitous systemic
vasodilatation in liver cirrhosis, which generates a decreased postsarcine. This is further evidence that
the diagnosis of cirrhotic cardiomyopathy is extremely difficult based strictly on resting echographic
determinations. On statistical analysis of the TEl index, a positive correlation between systolic
dysfunction and severity of liver disease was noted, a finding supported by the statistical significance
found. This result is consistent with data from previous studies that assessed systolic function by GLS.
E/Vp where a directly proportional correlation was demonstrated between the degree of liver damage
and the severity of diastolic dysfunction assessed by this highly specific parameter. These data confirm
once again, as well as pre-existing data in the literature, that this parameter is a faithful indicator of
diastolic function, its correlation with the severity of CH having clear pathophysiologic explanations by
worsening biohumoral changes and worsening cardiac receptor function with worsening liver disease.
The TEIl has been shown to be a much more sensitive parameter than EF in detecting systolic
dysfunction. Based on these results, its use in patients with suspected CMC with preserved EF is
recommended. Widespread use of this parameter could lead to an increase in the sensitivity of the
diagnosis of cirrhotic cardiomyopathy with improved prognosis of these patients in various conditions,
either without liver transplantation, post liver transplantation or post SPTI implantation. In the second
study, the Valsalva Index was found to be a very good indicator of autonomic nervous system status. In
the present study, the statistical significance was met, confirming once again the predominant
parasympathetic nervous system involvement in patients with liver cirrhosis, regardless of etiology, with
no additional involvement in patients with ethanolic etiology. Heart rate variability is a proven marker
of autonomic dysfunction and its assessment by the SDNN parameter has been shown to have high
specificity and sensitivity. The presence of autonomic dysfunction was present in this study by low,
statistically significant values found in cirrhotic patients, with no notable differences between different
etiologies of cirrhosis. The persistence of post-exertional tachycardia in cirrhotic patients, a sign of
parasympathetic nervous system alteration, was also evidenced, without any statistical difference in
maximal heart rate during exercise.In the third study, the only statistically significant difference at rest
was observed when comparing the subgroup of patients with liver cirrhosis of ethanolic etiology with
the control group. The mechanisms underlying this finding are unknown but may be partly explained by
direct alcohol-induced vasodilation of the vascular endothelium.During exercise, the direct comparison
between the two main groups was statistically significant confirming the hypothesis that patients with
liver cirrhosis show increased systemic vasodilation induced by nitric oxide in contrast to endothelial
dysfunction in the hepatic portal vessels manifested by vasoconstriction. In our case, the physical
stressor used - passive lower limb passive motion (sPLM) - led to an increase in nitric oxide production
with the direct effect of greater vasodilation than in the control group, with the greatest increase in
vasodilation again being noted in the ethanolic subgroup. Regarding the subgroups according to APRI
score, only those in the subgroup with APRI over 1.5 showed a statistically significant increase in the
measured vasodilation parameters, a finding that suggests the correlation of the degree of fibrosis with
the degree of systemic vasodilation, as reported in the literature.

Conclusions: The combined results from all three PhD thesis studies show that the scaled application of
the two proposed parameters (TEl index and E/Vp ratio) could lead to a better diagnosis of systolic and
diastolic dysfunction in cirrhotic patients, respectively, with positive effects on the prognosis of these
patients, that sPLM proved to be a reliable parameter in the estimation of systemic vasodilatation in
liver cirrhosis, demonstrating supliemoratory increases in patients with ethanolic etiology, and that the
Valsalva index, and SDNN and AV at 2 minutes post exercise were sensitive indicators of autonomic
dysfunction in cirrhotic patients and the Valsalva index particularly demonstrated alterations in
parasympathetic response. Research results were disseminated through two ISl and two BDI articles.
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1. INTRODUCTION. MOTIVATION FOR CHOOSING THE TOPIC

The approximate prevalence of clinically manifest cirrhosis of the liver in adults is 1 in 1000, but
the strictly histologic prevalence without clinical manifestation is close to 1 in 100 adults. According to
data published by the WHO, one million deaths from this disease are reported annually worldwide. In
our country are estimated around 70,000 new cases annually, of which one third are in the severe stage
of the disease. The average age at diagnosis is 50 years. The average survival in patients with
compensated disease is 12 years but in patients with repeated decompensations it drops dramatically to
less than 2 years. characterized by an increased cardiac output associated with a decrease in systemic
vascular resistance but also the presence of systolic and diastolic dysfunction of varying degrees.

Cardiovascular disease is divided into :

cirrhotic cardiomyopathy with specific symptoms and reduced systolic as well as diastolic
function

- alteration of electrophysiologic parameters (autonomic dysfunction and prolongation of the
corrected QT interval)

- alteration of normal vascular endothelial function (mediated mainly by nitric oxide but also
by other parameters)

- fibrinous pericarditis (fibrin buildup in the pericardial space)

Cardiovascular involvement is present in about half of cirrhotic patients, regardless of etiology.
Various articles have reported that CMC is more common in male patients, in those over 50 years of age
and in those with liver cirrhosis of ethanolic etiology, but without clear evidence.

The present work aims to evaluate systolic and diastolic dysfunction in cirrhotic patients by
using more reliable parameters for early detection of systolic and diastolic performance reduction
compared to the classical parameters used in daily practice.

In this context, we studied various parameters of cardiovascular impairment in a group of 70 patients
with different stages and etiologies of liver cirrhosis.

The thesis is composed of two parts: the general part, which summarizes the current knowledge of liver
cirrhosis and the alterations of cardiovascular function in these patients, and the special part, which is
the personal research.

The special part is divided into 3 subcategories:

- Determination of the presence of cirrhotic cardiomyopathy and its evaluation by reliable
ultrasound parameters in the measurement of cardiac systolic and diastolic function

- Assessment of alterations in various electrophysiologic parameters in cirrhotic patients

- Vascular endothelial dysfunction assessed by Doppler ultrasound and comparison with a
control group of patients without existing disease

The results of the three studies contribute to a better understanding of cardiovascular impairment in
liver cirrhosis, more accurate and earlier diagnosis of MCC and peripheral vascular changes in these
patients.
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2.STATE OF THE ART

2.1.LIVER CIRRHOSIS
2.1.1. GENERAL ASPECTS

Cirrhosis of the liver is defined by altered lobular organization of the liver due to fibrosis of liver
tissue and nodular formation, changes due to chronic injury (1).

The main causes are viral infections, toxins, autoimmune diseases, congenital diseases and idiopathic
causes. As a result of these injuries, the liver tissue forms fibrotic tissue, initially without repercussions
on liver function, then, with increasing degree of fibrosis, evolving with loss of liver function and the
onset of liver cirrhosis.

The exact incidence worldwide is not known, but the prevalence is estimated to be increasing compared
to the 1990s, with an estimated 5.2 million new cases per year (2).

2.1.2. MORPHOPATHOLOGIC ASPECTS

Liver tissue fibrosis leads to the development of portal hypertension, hyperdynamic circulation and
collateral circulation, which are major causes of morbidity and mortality in cirrhotic patients.
Intrahepatically, at the sinusoidal level, there is an increase in vasoconstriction and vascular resistance
due to increased secretion of endothelin 1 (ET 1) and decreased secretion of nitric oxide (NO).
Subsequent to these changes, a process of vascular remodeling and further increase in vascular pressure
at this level occurs

As a consequence of these increased pressures collateral circulation is formed. (3)

At the systemic level, however, there are opposite changes, with increased NO secretion and systemic
and splahnic vasodilatation, leading to decreased systemic vascular resistance. Consecutively there is
activation of the renin-angiotensin-aldosterone system with water and sodium retention. (4,5)

2.1.3 CLINICAL ASPECTS

Cirrhosis of the liver is often completely asymptomatic and the diagnosis is made when a
complication occurs or by chance following laboratory tests or an abdominal ultrasound that raises the
suspicion. Knowing that patients with chronic viral hepatitis C as well as those with NAFLD have a
predisposition of about 20% , respectively 10% to develop liver cirrhosis, liver biopsies are more often
indicated in these subgroups,increasing diagnostic accuracy. (6,7)

The characteristic clinical signs are : Jaundice (occurs when serum bilirubin is above 2 mg/dl)
,ascites (clinically manifested in accumulations greater than 1.5 liters), collateral circulation in "jellyfish
head" , stellate angiomas (especially on face and trunk) and palmar erythema - both due to reduced
degradation of estradiol in the liver and consequent increased serum estradiol, splenomegaly, small liver
and liver nodules on palpation of the liver , flapping tremor (sign of hepatic encephalopathy),
ecchymoses, gynecomastia, hypogonadism. (8,9)

2.1.4. PARACLINICAL ASPECTS

Liver biopsy is the paraclinical investigation defined as the gold standard in the diagnosis of CH
but it has the disadvantage of requiring an invasive, painful maneuver with potential complications such
as bleeding or infection.

Abdominal ultrasonography, computed tomography (CT) and nuclear magnetic resonance (MRI),
although not of definite diagnostic value, are of important diagnostic value and may raise the suspicion
of CH (10,11).

10
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In terms of laboratory tests, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are
usually slightly elevated but can also be within normal limits despite advanced CH.

Gamma glutamyl transferase (GGT), alkaline phosphatase (ALP) and bilirubin are elevated in CH,
especially in the presence of cholestasis. Prothrombin time (PT) is increased due to coagulation factor
deficiency.

Serum albumin is low due to deficient synthesis in the liver. Mild normochromic, normocytic mild
anemia is present, and macrocytic anemia is common in cirrhosis of ethanolic etiology. Leukopenia and
thrombocytopenia are due to sequestration in the enlarged spleen but also to the suppressive effect of
alcohol on the hematogenous bone marrow.

Immunoglobulins, especially the gamma fraction are increased due to decreased hepatic clearance (12).

2.1.4. STAGING AND PROGNOSIS

Survival of patients with compensated CH at 10 years is reported to be 47% but this decreases to
10% with the onset of the first decompensation.

Staging of CH is most often performed in practice using the Child-Pugh scoring system and is divided
into three categories (A, B and C).

2.1.5. TREATMENT

General measures are avoidance of alcohol and hepatotoxic drugs, a low-salt diet, vitamin and
mineral supplementation, and anti-pneumonic and anti-hepatitis B and C viral vaccines

Specific measures are mainly targeted at the etiology of CH. Thus, antiviral therapy is recommended
in patients with post-viral CH, immunosuppressive medication is recommended in patients with
autoimmune CH, ursodeoxycholic acid and obeticholic acid in patients with post-primary biliary
cholangitis, copper chelating drugs in Wilson's disease, and iron chelation and phlebotomies in patients
with hemochromatosis.

In patients with NAFLD, weight loss of at least 7% has been shown to have clinical and prognostic
benefits (13)

The only proven effective treatment in CH is liver transplantation. It is indicated in CH that does not
respond to drug treatment. Survival at one year after transplantation is 85% and at 5 years 72%.

2.1.6. EXTRAHEPATIC DAMAGE AND COMPLICATIONS

CH can remain compensated for a long period of time until complications develop, but with these
complications the prognosis of patients decreases dramatically. The complications of CH are jaundice,
ascites, hyponatremia, hepatic encephalopathy, spontaneous bacterial peritonitis, hepatorenal
syndrome and bleeding from esophageal varices.

11
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2.2.1. GENERAL DATA

As early as 70 years ago, the first cardiovascular changes in patients with end-stage liver disease
were described. Mortopathologically, dilatation of the cardiac cavities, cardiomyocyte edema,
myocardial fibrosis, all in the absence of ischemic coronary artery disease or valvular heart disease or
hypertension, were described.

Patients with CH have been found to have increased cardiac output, peripheral vascular resistance and
consequently low blood pressure. Despite an increased cardiac output, the cardiac response to
physiologic and pharmacologic stimuli is abnormal. These cariac changes have been termed cirrhotic
cardiomyopathy (CMC) as early as three decades ago (14,15).

In the absence of a clear diagnostic protocol consensus, the term "cirrhotic cardiomyopathy" is currently
defined by :

- Increased resting cardiac output with altered ventricular contractile response to various
stimuli

- Systolic and diastolic dysfunction
- Absence of ventricular dysfunction at rest

- Electrophysiologic changes (chronotropic incompetence and corrected QT prolongation)
(16,17)

Without clear diagnostic guidelines or protocols, the exact prevalence of CMC remains unknown. Even
estimating it is difficult because the disease is generally latent and only becomes symptomatic when the
patient is subjected to an external stimulus, such as physical exertion, change in body position, certain
medications, or events such as bleeding or surgery. (18)

2.2.2. PATHOPHYSIOLOGICAL MECHANISMS

The mechanisms responsible for the development of CMC are only partially elucidated, despite
numerous studies in animals and humans. These mechanisms are diverse and complex, including
neurological, humoral and vascular disorders.

2.2.3 DIAGNOSTIC
There is currently no single diagnostic test that confirms the presence of CMC in CH patients.

Although the pathophysiologic mechanisms underlying the development of CMC have been
elucidated in animal studies, there is no universally accepted diagnostic protocol worldwide. At the
World Congress of Gastroenterology in Montreal in 2005, a panel of experts proposed preliminary
criteria for the diagnosis of CMC.

Given the advances in the last decade in the determination of systolic and diastolic function, as
well as in electrophysiology and laboratory analysis, the need to improve these criteria has been
recognized.

Asftel, by bringing together several specialists internists, hepatologists, cardiologists and
anesthesiologists, the Consortium of Cirrhotic Cardiomyopathy was formed in 2019, with the aim of
proposing improved criteria for the diagnosis of CMC based on the latest findings.

12
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2.2.3.1 SYSTOLIC DYSFUNCTION

Although EF has been considered the classic parameter in the estimation of systolic function, it has
many limitations, being dependent on pre and post pregnancy, the vasodilator state in CH generates a
low postsarginin which should achieve an increase in EF. Thus, although EF remains an important
measure of global systolic function, additional parameters are needed for this purpose.

Strain ultrasound technique, also known as myocardial strain imaging, has gained ground in recent years
as a useful and reliable method for quantifying myocardial contractile function. Strain is divided into
several categories (circumferential, longitudinal, radial, and transverse), allowing a more comprehensive
assessment of systolic function, more powerful than FE which basically measures mainly radial
constrictive function.

Clinical data regarding the use of GLS in the detection of CMC in patients with normal EF are limited and
conflicting, with three studies showing normal GLS(19-21) and a 4th study where GLS was found to be
decreased. (22)

In another study, the TEl index (sum of isovolumetric contraction time and isovolumetric relaxation time
divided by ejection time) was used to estimate systolic function in cirrhotic patients and was found to
have a significant impact on patient prognosis(23).

Cardiac MRl is a noninvasive method for the estimation of SV function and myocardial strain. The T1
images obtained provide diagnostic as well as prognostic value of the degree of myocardial fibrosis and
has an extremely useful role in specifying diastolic dysfunction. T2 images are a marker of acute
myocardial inflammation, and the use of contrast is useful in detecting cardiac edema and subclinical SV
dysfunction.

The 2019 CMC Consortium recommends the use of GLS to detect systolic dysfunction in patients with
CH who have preserved EF ( >50%) . Low EF or decreased GLS (> -18) in the absence of any pre-existing
heart disease are diagnostic for CMC.

2.2.3.2. DIASTOLIC DYSFUNCTION

In 2016, the ESA published new guidelines for the assessment of diastolic VS diastolic dysfunction, an
examination that is a routine part of any echocardiographic evaluation. These guidelines recommend
screening for elevated VS filling pressures using 4 criteria :

- The protodiastolic velocity of the septal part of the mitral annulus (e') < 7 cm/s and < 10
cm/s for the lateral part of the mitral annulus, respectively

- Ratio of mitral inflow early diastolic velocity (E) to e' (measured by tissue Doppler) > 14
- Left atrial indexaxt volume > 34 ml/m?

- Tricuspid regurgitation velocity > 2.8 m/s

Diastolic dysfunction is relatively common in elderly, hypertensive, coronary or diabetic
patients. Thus, in the diagnosis of CMC it is of utmost importance to exclude existing comorbidities that
could explain diastolic dysfunction.

In conclusion, implementation of the ASE and EACVI guidelines for the determination of diastolic
function in patients with CH is recommended.

13



—
—
I In I I Universitatea
Transilvania
[ ]| din Brasov

2.2.3.3. ELECTROPHYSIOLOGICAL CHANGES

Electrophysiological changes in CMC are divided into two broad categories: autonomic
dysfunction and changes in ventricular repolarization (prolongation of the corrected QT interval).

Autonom autonomic dysfunction is considered an autonomic imbalance secondary to relatively
low parasympathetic tone and increased sympathetic tone. (24,25)

Fleisher et al showed that cirrhotic patients with vagal neuropathy have a 5-fold increased risk of death
compared with patients without the disorder (26).

Also, QTc prolongation has been described as part of the constellation of changes in CMC, representing
a manifestation of electrophysiologic disturbances and autonomic dysfunction. Unfortunately, only few
studies have been able to demonstrate the relationship between these electrocardiographic changes
and the prognosis of CH patients (27).

One method of assessing cardiac autonomic function is the measurement of heart rate
variability (HRV), which involves the analysis of consecutive R-R intervals over a period of time. HRV
reflects the ability of the heart to adapt the heart rate to different circumstances by sensing and
responding rapidly to varying stimuli(28).(28)

2.2.3.4. BIOMARKERS

Currently, there is a great interest in researching non-invasively determined biomarkers with
diagnostic and prognostic accuracy in heart failure patients. Whether this research will also be
applicable to patients with CMC remains to be determined by specific research in this cohort.

The heart produces and releases peptide hormones known as natriuretic peptides, and in
pathological conditions of cardiac stress the levels of these hormones increase. For example, B-type
natriuretic peptide (BNP) levels increase in systolic and diastolic dysfunction, ventricular hypertrophy
and myocardial ischemia (29,30).(29,30)

Also, troponin |, a troponin isoform that is elevated in myocardial injury, has been elevated in
ethanolic CH patients in various studies (198). Elevated troponin | levels have been associated with
cardiovascular events and with significance in predicting cardiovascular mortality in patients with CH
and in those with CH post liver transplantation (31-33).(31-33)

2.2.4. VASCULAR ABNORMALITIES IN LIVER CIRRHOSIS

It is known that CH patients develop a hyperdynamic circulation, an increase in heart rate and a
decrease in central blood volume by mechanisms described in detail in the above chapters. In addition
to the changes in the intrahepatic vessels, as well as those in the portal circulation, ,changes discussed
above, vascular alterations are also described at 2 levels: the splahnic circulation and the systemic
circulation

In conclusion, in patients with CH the potent vasoconstrictive mechanisms are less effective in
increasing systemic pressure leading to increased blood volume, sodium retention with exacerbation of
ascites and at the same time a potent systemic arterial vasodilation is observed but with poor perfusion
of vital organs. (34)

The pronounced splahnic vasodilation leads to a progressive reduction in systemic vascular resistance
that cannot be counterbalanced by increased cardiac output. Thus an effective arterial hypovolemia
develops, with blood flow reducing effects in the kidneys, brain and muscles (35-37)

The more the liver disease progresses, the more the splahnic and systemic vasodilatation is exacerbated
with progressive reduction of blood flow to the organs with negative effects.
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2.2.5. TREATMENT

CMC is often asymptomatic and thus goes unrecognized until the onset of acute heart failure,
usually following decompensation of CH, liver transplantation or after TIPS implantation. Moreover, a
specific pharmacologic therapy for CMC does not currently exist and the only proven effective
treatment remains liver transplantation. (38-39)

However, recommendations have been made to counteract the various mechanisms involved. Thus, as
soon as symptoms of heart failure appear, specific treatment is recommended as recommended by the
European and American cardiology societies.

Sodium restriction is recommended as well as its elimination by diuretics. Andosterone antagonists, e.g.
spironolactone, are also indicated, since in addition to its diuretic effect, it inhibits myocardial fibrosis
and activation of the sympathetic nervous system. A study conducted by Pozzi et al in 2005 determined
the effect of long-term treatment with aldosterone antagonists in 22 patients and concluded a
significant reduction in ventricular wall thickness, LV telediastolic diameter and hepatic venous gradient.
They also found that there is a possible additional role for the use of beta blockers in addition to
aldosterone inhibitors in improving cardiac dysfunction in cirrhotic patients (40).

Angiotensin-converting enzyme inhibitors are in principle limited in use because of possible
exacerbation of systemic vasodilation in an already vasodilated vascular bed, and although they
promote sodium excretion, they have not demonstrated long-term beneficial effects (41).

Non-selective beta-blockers are one of the primary options in the treatment of portal
hypertension and in the prevention of variceal bleeding. However, these drugs have also been shown to
correct QTc prolongation and improve electromechanical dyssynchronism(42).(42)

Liver transplantation corrects metabolic dysfunction and increases systemic vascular resistance.
These effects led to an initial decrease in EF, probably due to cardiac dysfunction exacerbated by a
sudden increase in postsarcinosis, with subsequent full recovery(43).(43)

Liver transplantation is the only effective treatment with clear evidence of improvement in systolic and
diastolic dysfunction and normalization of the QTc interval (in about half of patients) (44).
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3.1.1. STUDY 1 - CARDIAC IMPAIRMENT IN PATIENTS WITH LIVER CIRRHOSIS ESTIMATED BY
ECHOCARDIOGRAPHIC PARAMETERS OF SYSTOLIC AND DIASTOLIC DYSFUNCTION. A COMPARISON
BETWEEN CLASSICAL AND NEW PARAMETERS.

3.1.1.1.1. INTRODUCTION AND WORKING HYPOTHESIS

Cirrhotic cardiomyopathy is classically defined by the altered systolic response to stress, either
physical or pharmacologic, the presence of diastolic dysfunction as well as the presence of
electrophysiologic alterations (45).(45)

Traditionally, the parameter used to assess systolic dysfunction has been ejection fraction (EF), with
normal values between 50% and 60%, with decreases below 50% indicating the presence of systolic
dysfunction.

Diastolic dysfunction is a complex and multifactorial process that combines the pressure gradient
between the left atrium and the left ventricle, passive and active relaxation of the ventricles as well as
the telediastolic compliance of the left ventricle. The classic E/A ratio and E wave deceleration time
were used to assess diastolic dysfunction.

However, there are limitations of these ultrasound parameters used for both systolic and diastolic
dysfunction parameters.

Failure to adequately detect systolic and diastolic dysfunction in these patients may have

adverse clinical consequences, therefore early detection may help to improve the prognosis of
patients(46).
The present work aims to evaluate systolic dysfunction in cirrhotic patients by estimating the TEIl post
exercise index, a more reliable parameter for early detection of systolic performance reduction
compared to the classic parameter used, namely EF. For the detection of diastolic dysfunction with
increased accuracy compared to the classic parameter E/A, the E/Vp ratio was used.

3.1.1.2. OBJECTIVES OF THE STUDY :

e Comparison between EF and TEl index in predicting the presence of systolic dysfunction at rest
and then during exercise

e whether or not the TEl index can detect the presence of systolic dysfunction in patients with
preserved EF

e comparison between E/a and E/Vp in the estimation of the presence of diastolic dysfunction at
rest and then during exercise

e the positive or not correlation of tei and E/Vp values in relation to the severity of liver disease

e assessing differences in the values obtained in relation to the age and sex of patients

e assessment of the correlation between the thei index and E/Vp ratio as markers of cirrhotic
cardiomyopathy

3.1.1.3. MATERIAL AND METHOD

We conducted an analytic, observational, prospective study, including 70 patients who were
evaluated between November 2022 and March 2024 in the outpatient clinic of the Cardiology Hospital
ClinlCCO Brasov. Each patient signed an informed consent form to participate, and the research was

carried out with the approval of the Ethics Committee of ClinICCO Hospital Brasov.

Patients with the following conditions were excluded from the study:
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- Heart failure from any cause other than CMC

- Persistent or permanent atrial fibrillation

- Significant ventricular arrhythmia

- Uncontrolled high blood pressure

- Ischemic coronary artery disease

- Chronic kidney disease on hemodialysis

- Ischemic or hemorrhagic stroke

- Inability to exercise

- Difficult ultrasound window that does not allow for proper measurements

They were submitted to a physical effort represented by 10 genoflexions and then immediately
assessed echocardiographically, where the systolic function was evaluated on the one hand by
measuring the ejection fraction by the Simpson method (normal values above 50%) and on the other
hand by measuring the TEl index using Doppler echocardiography and calculated as the sum of the
isovolumetric contraction time and the isovolumetric relaxation time divided by the ejection time.

The diastolic dysfunction was then assessed by measuring E/A by pulsed Doppler ultrasound in
the mitral valve and E/Vp by measuring Vp by color M-mode ultrasound.

The echocardiograph used was a General Electric Vivid E9 with a 4.2 MHZ heart transducer.
Physical effort was supervised by medical staff and echocardiography was performed both at rest and
immediately after exercise.

The percentage of patients with systolic dysfunction as assessed by ejection fraction and the
percentage of patients with systolic dysfunction as assessed by TEI index were noted and a comparison
between the two methods was performed. The presence of diastolic dysfunction was also assessed by
E/A ratio and E/Vp ratio. The two methods were then compared.

3.1.1.4. RESULTS

* Measurement of resting FE showed that all patients had values above 50%, with an average of
55%, thus indicating the absence of systolic dysfunction at rest

* FE measurements after physical exertion showed values between 40% and 60% with an average
of 58%.

* The TEl had values below 0.5 at rest in all patients in the group

* After exercise, values between 0.37 and 0.79 were obtained with a mean of 0.57.

* In terms of post-exertional diastolic dysfunction parameters, 64 of the 70 patients had E/A less
than 1

e E/Vp ratio values averaged 2.02 with a range between 1.5 and 2.6

* In terms of post-exertional diastolic dysfunction parameters, 64 of the 70 patients had E/A less
than 1

e E/Vp ratio values averaged 2.02 with a range between 1.5 and 2.6

* The TEI showed almost identical mean values between women and men, with a slightly higher
variation for women

e Similarly, gender variability in the E/VP and E/A ratio is small

* Ejection fraction had very similar mean values between the Child classes, with a slight variation.

e The TEl index shows an increase in the mean from class A to class C, suggesting progressive
cardiac damage with the severity of cirrhosis (p=0.030)

* E/VP ratio has mean values progressively increasing from class A to class C, suggesting
worsening diastolic dysfunction with worsening cirrhosis (p=0.022).(p=0.022)

* The results of the correlation analysis between ejection fraction and TEI indicate a very weak
correlation (Pearson correlation coefficient of 0.04)

e Not statistically significant (p-value of 0.772)
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* This suggests that there is no significant linear relationship between the two variables in this
data set

*  Finally, the correlation between the E/A ratio and the E/VP ratio is weak and negative
(coefficient of -0.19)

e Statistically insignificant (p-value of 0.114)

*  This suggests that there is no significant linear relationship between these two variables

3.1.1.5. DISCUSSIONS

Both systolic dysfunction parameters (EF and TEl index) had normal values at rest. This is a
finding consistent with existing data in the literature and can be partly explained by the systemic
vasodilatation ubiquitous in liver cirrhosis, which generates a low postsarginin . This is further evidence
that the diagnosis of cirrhotic cardiomyopathy is an extremely difficult one based strictly on resting
echographic determinations. (47,48)

On statistical analysis of the TEl index, a positive correlation between systolic dysfunction and
severity of liver disease was noted, a finding supported by statistical significance. This result is consistent
with data from previous studies that assessed systolic function by GLS (49-51).(49-51)

E/Vp where a directly proportional correlation was demonstrated between the degree of liver
damage and the severity of diastolic dysfunction assessed by this parameter with high specificity.

These data confirm once again, as well as pre-existing data in the literature, that this parameter is a

faithful indicator of diastolic function, its correlation with the severity of CH having clear

pathophysiologic explanations by worsening biohumoral changes and worsening cardiac receptor

function with worsening liver disease (52-55).

TEI has been shown to be a much more sensitive parameter than EF in detecting systolic dysfunction
Based on these results, it is recommended for use in patients suspected of CMC with preserved EF.
Widespread use of this parameter could lead to an increase in the diagnostic sensitivity of cirrhotic

cardiomyopathy with improved prognosis of these patients in various conditions, either without liver

transplantation, post liver transplantation or post TIPS implantation.

Regarding the accuracy of detection of systolic dysfunction by the two methods, it has been established

that the TEl index is a much more sensitive parameter than EF.

Widespread use of this parameter would increase the diagnostic sensitivity of cirrhotic cardiomyopathy

When analyzing the association between the results of the TEl and FE, no positive correlation was found.

3.1.1.6. CONCLUSIONS

These results suggest that the combined use of these parameters (EF, TEl, E/A and E/VP) may
provide a more comprehensive picture of the presence and severity of cardiomyopathy, with each
parameter contributing unique information on cardiac function.

Using multiple criteria can help to more accurately identify affected patients and avoid the high
rates of false-positive or false-negative results associated with the use of a single criterion.

Also, the results obtained encourage the use of the TEl index as a superior FE parameter in
terms of accuracy in detecting systolic dysfunction in patients with liver cirrhosis, and confirm its directly
proportional relationship with the degree of liver damage.

On the basis of our research, on the one hand, the accuracy of the E/Vp parameter in the
diagnosis of diastolic dysfunction and its correlation with the degree of liver damage, and on the other
hand, the lack of specificity of the E/A parameter.

Scaling the two proposed parameters (TEl index and E/Vp ratio) would lead to a better diagnosis
of systolic and diastolic dysfunction in cirrhotic patients, respectively, with positive effects on the
prognosis of these patients.
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3.1.1.7. LIMITATIONS OF THE STUDY

- Relatively small sample of patients

- Lack of a gold standard of systolic and diastolic dysfunction (e.g. cardiac MRI) against which
both EF and TEI could be compared

- Lack of comparison of the E/Vp ratio with a more accurate index of diastolic dysfunction,
e.g. e, E/e' orindexed AS volume
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3.2. STUDY 2 - ASSESSMENT OF AUTONOMIC DYSFUNCTION IN CIRRHOTIC PATIENTS BY VARIOUS
ELECTROPHYSIOLOGICAL PARAMETERS

3.2.1. INTRODUCTION

In patients with liver cirrhosis, various changes in electrophysiologic parameters are described in the
literature. The main change is autonomic dysfunction. Data in the literature mention a prevalence of
parasympathetic neuropathy in about 30-77% of patients and of sympathetic neuropathy in 12-37% of
patients(56). Autonomic dysfunction correlates directly proportionally with cardiac output and
peripheral vascular resistance. Although there are several theories that may explain the occurrence of
these changes, the exact mechanism is still unknown.

It was also found that there was a 70% improvement in autonomic dysfunction after liver
transplantation(57).(57)

This paper aims to better understand these changes using different assessment methods and
different parameters. Patients included in the study were examined by three main methods : Simple
electrocardiography at rest and Valsalva maneuver , ambulatory HOLTER ECG ambulatory monitoring
and pathophysiological response to standardized exercise stress test.

3.2.2. STUDY OBJECTIVES

e Assessment of autonomic dysfunction through parameters that follow the patient in
different states: at rest, at Valsalva maneuver, on exertion and over 24 hours

e Comparison of these parameters between a group of CH patients and a group of healthy
patients

e Comparison of the parameters described above between the subgroup of patients with
ethanolic and non-ethanolic CH

e Determination of sympathetic nervous system activation in patients with CH at rest

e Determining the presence of an altered parasympathetic response in cirrhotics

3.2.3. MATERIAL AND METHOD

We evaluated 60 patients with liver cirrhosis by resting ECG, Valsalva ECG, Holter ECG/24 hours and
standardized exercise ECG test on cycle ergometer or treadmill (according to patient's preference) and
compared with a control group of 50 patients without liver cirrhosis and without other known significant
pathologies.

Out of the 60 patients in the liver cirrhosis group, 44 were included in the ethanolic and 16 in the
non-ethanolic subgroup.

As resting ECG parameters were used: ventricular allure (AV), the response to the Valsalva
maneuver, measured and interpreted using the Valsalva index (highest RR: lowest RR during the
maneuver) - normal values >1.20, and the corrected QT interval (QTc) (normal values <460 ms)

The Valsalva maneuver was performed with the patient in a sitting position on the bed, ECG
monitored throughout the Valsalva maneuver and 30 seconds after.

As Holter ECG parameters : Heart rate variability expressed by SDNN (standard deviation of NN
intervals) and QTc interval . Normal values for SDNN were considered those above 40 and for mean QTc
below 460 ms.

Exercise ECG test parameters: the maximum frequency reached by the patient (Fmax) and the
frequency at 2 minutes post exercise (FPE) were followed. It should be noted that the exercise test could
only be performed in 42 patients, the remaining 18 were unable to perform this investigation.

Patients were divided into two subgroups according to etiology: ethanolic and non-ethanolic.

Thus, the following comparisons were made: between patients with liver cirrhosis and the control
group and between patients with ethanolic and non-ethanolic cirrhosis.
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The following patients were excluded as exclusion criteria
- Liver cirrhosis Child Class C
- Heart failure of any etiology
- Atrial fibrillation
- Atrial flutter
- Significant driving disorders
- Ventricular arrhythmias
- Chronic kidney disease on hemodialysis
- Ischemic or hemorrhagic stroke
- Vertiginous Syndrome
- Inability to exercise

The results were statistically analyzed.

Resting VA, Valsalva Index as well as Fmax and FPE parameters were interpreted using the Student't
test.

Resting QTc intervals and Holter monitored mean QTc intervals were compared using one-way
ANOVA test (SAS software). For SDNN results the Fisher test was used.

3.2.4. RESULTS

A) ELECTROCARDIOGRAPHIC PARAMETERS
e Atrest
-Resting heart rates (HR) were between 48 and 110 beats per minute in patients in the cirrhotic group
and between 55 and 90 in patients in the control group, with no statistically significant differences
(p>0.05)
-There were also no statistically significant differences between toxic and non-toxic patient groups.
e During and after the Valsalva maneuver
In the whole group of cirrhotic patients the mean Valsalva index value was 1.18 compared to
1.34 in the control group (p<0.05).
e QTcinterval
- Inthe cirrhotic patients as well as in the control group no resting QTc values above 500 ms
were recorded.
- The mean QTc value in the cirrhotic patients was 437 ms and 440 ms in the control group,
with no statistical significance between the two groups
- The same situation was observed in the comparison between subgroups with values of 438
ms in ethanolics and 440 ms in non-ethanolics
- When comparing the two subgroups (toxic and non-toxic) the values were 1.17 and 1.19
respectively, p>0.05.

B) ECG HOLTER PARAMETERS

e SDNN

- Standard deviation values of 24 h N-N intervals were statistically significantly reduced in
cirrhotic patients (SDNN=34) compared to non-cirrhotic patients (SDNN=55), p<0.05

- When comparing the subgroups there was no statistically significant difference p>0.05

e QTcinterval

- The mean QTc value in cirrhotic patients was 431 ms and in control patients 442 ms (p>0.05).

- The same situation was observed in the comparison between subgroups with values of 435 ms
in ethanolics and 444 ms in non-ethanolics (p>0.05)

C) PARAMETERS ASSESSED BY EXERCISE TESTING
e Maximum Heart Rate and Post Heart Rate
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- In patients with liver cirrhosis, the maximum HR during exercise (154 beats/minute) was not
statistically different from the control group (165 beats/minute), the same for the comparison
between subgroups (p>0.05)
- Incirrhotic patients the mean post-exertional HR was 114 beats/minute and in control patients

73 beats/minute (p<0.05). There were no differences between subgroups (p>0.05)
3.2.5. DISCUSSIONS

A) ELECTROCARDIOGRAPHIC PARAMETERS
e Resting frequency
Although described in the literature, and with demonstrated pathophysiologic
mechanisms, the activation of the sympathetic nervous system in cirrhotic patients manifested
by an increased resting heart rate (58), did not reach statistical significance in the patients
included in the study when compared with the control group.
A possible explanation for this finding could be the activation of the sympathetic nervous
system in the control patients due to their presence in the medical environment or anxiety
about medical examinations.

e Valsalva Index

In previous studies this parameter has been shown to be a very good indicator of
autonomic nervous system status. Previous research has demonstrated altered response to the
Valsalva maneuver as well as to other parasympathetic challenge tests such as deep inspiration
or the patient position shift test (59-63)

In the present study, the statistical significance was met, with cirrhotic patients having a
reduced Valsava index compared to the control group, confirming once again the predominant
parasympathetic nervous system involvement in CH patients.

B) HOLTER ECG PARAMETERS

In some studies in the literature, prolongation of ventricular repolarization manifested by
prolongation of the corrected QT interval has been described in patients with liver cirrhosis (64-67). This
change has been described especially in patients classified as Child Pugh C.(68)

In our study, although there was a trend of increased QTc interval in cirrhotic patients, statistical
significance was not reached, thus there was no difference between the two groups.

Of note is a study by Koshy et al which demonstrated that there is no correlation between QTc
prolongation and the diagnostic criteria for CMC established at the 2005 World Congress of
Gastroenterology and the Cirrhotic Cardiomyopathy Consortium, concluding that QTc prolongation and
CMC are two separate and unrelated entities. Of course, this conclusion is controversial, with other
studies concluding that QTc prolongation is a consequence of CMC and that it poses a significant risk for
malignant arrhythmias. (69-73)

Knowing from previous studies that disease severity correlates with QTc elongation, this could
be explained by the exclusion of Child Pugh C patients from the study.

Heart rate variability is a proven marker of autonomic dysfunction and its assessment by the
SDNN parameter has been shown to have high specificity and sensitivity. (74-76)
The presence of autonomic dysfunction was present in this study, with reduced SDNN values in patients
with CH compared to the control group, these results being statistically significant. Thus, the clear
presence of autonomic dysfunction in those with end-stage liver disease can also be confirmed by this
parameter. It is known from previous studies that this parameter is of prognostic importance, with
values above 100 ms having a 5-fold lower risk of mortality and morbidity than those with values below
50 ms(77).(77)
This finding is in agreement with the majority of previous studies by various mechanisms. One possible
explanation could be, the release of angiotensin Il secondary to mainly NO-mediated systemic
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vasodilation. This hormone has been shown to cause a significant interaction with bagal tone, reducing
its action. Furthermore, ACEl administration has been shown to improve heart rate variability.

Comparison of the two subgroups of patients showed no notable differences between the
different etiologies of cirrhosis.

A) PARAMETERS ASSESSED BY EXERCISE TESTING

Physiologically, exercise testing involves a stimulation of the sympathetic nervous system with
an acceleration of the heart rate, and after cessation of exercise with a progressive reduction in
adrenergic tone and an increase in parasympathetic tone activity. (78)

In our study, the following was revealed: there was no statistically significant difference
between the maximal exercise heart rate results, contrary to the hypothesis that there is an
overstimulation of the sympathetic nervous system in CH patients, without a clear explanation for this
result.

However, the persistence of post-exertional tachycardia in cirrhotic patients can be considered
as a sign of parasympathetic nervous system alteration. The obtained results showed that CH patients
have higher post-exertional heart rate values compared to the control group, these results being
statistically significant.

Again, there were no statistically significant differences between subgroups of cirrhotic patients.

3.2.6. CONCLUSIONS

Although the resting heart rate was similar between the two groups, measurement of the Valsalva
index showed an altered response in the cirrhotic patients, thus demonstrating altered parasympathetic
response in these patients.

The same response, with the same significance was also found when examining and statistically
analyzing the heart rate parameter at two minutes post exercise.

Heart rate variability was also altered in cirrhotic patients, all 3 parameters demonstrating the
presence of autonomic dysfunction in patients with cirrhosis.

There were no statistically significant differences in the subgroups of cirrhotic patients for all
parameters assessed.

3.2.7. LIMITATIONS OF THE STUDY

- Relatively small number of patients included

- Limitations related to variation in individual response to the Valsalva maneuver and physical
exertion, unrelated to pathology

- Exclusion from the study of patients in Child-Pugh class C, where the highest prevalence of
electrophysiologic disorders is reported
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3.3. STUDY 3 - VASCULAR ENDOTHELIAL DYSFUNCTION ASSESSED BY VASCULAR DOPPLER
ECHOGRAPHY: A COMPARISON BETWEEN PATIENTS WITH LIVER CIRRHOSIS AND A
CONTROL GROUP

3.3.1. INTRODUCTION

Traditionally it is considered that a pathology such as liver cirrhosis is accompanied by systemic
and splahnic vasodilatation produced by various mediators. A major role is played by nitric oxide (NO), a
vasodilator substance released by the endothelium (79,80).(79,80)

Important emphasis has been placed in recent years on the clinical consequences of alteration of
normal endothelial function. (81-83)

Previous studies have concluded that there is a decrease in nitric oxide production in the hepatic
vascular endothelium as well as an increase in nitric oxide production in systemic vessels.

Numerous previous studies have used flow-mediated dilation (FMD) as a parameter to estimate
endothelial function, a traditional parameter with limitations in accurately assessing NO-mediated
vasodilation (84,85).

In this work, the estimation of endothelial function was done using a more accurate parameter,
namely lower limb passive motion (sPLM) - a parameter considered to be more accurate than other
parameters in the estimation of endothelial function (86-89).(86-89)

3.3.2. STUDY OBIJECTIVES

- Determining the correlation between LBF and LVC

- Assessment of endothelial dysfunction parameters

- Comparison of endothelial dysfunction parameters between cirrhotics and a resting control
group

- Comparison of parameters between etiologic subgroups of cirrhosis at rest

- Comparison of parameters between the different etiologic subgroups and the resting control
group

- Comparison between different APRI scores and the control group at rest

- Making the above comparisons after 2 minutes of sPLM

3.3.3. MATERIAL AND METHOD

Follow-up of patients was performed between November 2019 and June 2021 in the outpatient clinic
of St. Constantine Hospital in Brasov. Two groups were included in the research.

The first group included 78 patients aged between 44 and 75 years with a diagnosis of cirrhosis of the
liver. 70% were men and 30% women. In the second group, 30 patients with no known pathology were
included. The APRI (platelet-related TGP Index) score was also calculated and 60 patients (76%) had a
value greater than 1, 49 patients (62%) greater than 1.5 and 18 patients (24%) less than 1.
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We used the following protocol: patients were supine, we placed a linear transducer with a frequency
between 3.5-10 MHz (General Electric Vivid S6) at the level of the common femoral artery while an
assistant performed passive calf extensions on the thigh for 3 minutes.

Limb blood flow (LBF) and limb vascular conductance (LVC) (calculated as LBF divided by mean
arterial pressure) were measured in ml/min, respectively ml/min x mmHg, using Doppler parameters.
Mean arterial pressure was calculated using the formula : MAP = PD = PD + 1/3(PS - PD) (PD = diastolic
pressure; PS = systolic pressure)

In the group with cirrhotic patients there were 75% patients treated with non-selective beta
blockers. In the control group patients had no medication. All patients taking medication were advised
to discontinue 24 hours before measurements. The patients were also advised not to smoke and not to
drink alcohol for at least 24 hours before as well as not to eat six hours before the determination of the
parameters.

Exclusion criteria were :

- Lower limb arterial disease

- Acute or chronic deep vein thrombosis in the lower limbs
- Postthrombotic lower limb thrombotic syndrome

- Heart failure of any etiology

- Atrial fibrillation

- Atrial flutter

- Significant driving disorders

- Ventricular arrhythmias

- Chronic kidney disease on hemodialysis

- Ischemic or hemorrhagic stroke

The statistical analysis was done using the Mann-Whitney U Test Calculator. Comparisons were
made between the two main groups then between subgroups - as etiology (ethanolic, viral, other
etiologies) and APRI score (below 1, 1-1.5 , above 1), and finally between subgroups and the control

group

3.3.4. RESULTS

THE REPAYMENT:

* LVCresults were in line with those of LBF

*  When comparing the two main groups, there was no statistically significant difference (p>0.05),
the same for the comparison of the subgroups of post-viral cirrhosis and cirrhosis of other
etiologies with the control group (p>0.05)

*  When comparing the ethanolic subgroup with the control group the differences were found to
be statistically significant p<0.01

* Also when comparing the ethanolic subgroup with the viral subgroup no statistically significant
difference was found (p>0.05)

* No comparison was made with the subgroup of patients with cirrhosis of other etiologies due to
the small number of patients in this category.

* The only statistically significant difference was noted when comparing the control group with
the subgroup of patients with APRI score above 1.5 (p<0.01).

*  When comparing the three subgroups of APRI score, no statistically significant difference
(p>0.05) was observed.
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e LVCwas 2.2 ml/min/mmHg in the cirrhotic group and 2.1 ml/min/mmHg in the control group.
(p>0.05).

AFTER THE EFFORT :

*  Statistical significance was achieved when comparing the main group with the control group
(p<0.01)

*  When comparing all subgroups of cirrhotic patients with the control group, significant
differences (p < 0.001) were observed

* No statistically significant differences were obtained when comparing the different etiologies

* In subgroups of patients according to APRI score the mean LBF value was 1150 ml/min in those
with APRI score below 1, 1100 ml/min in those with APRI score between 1 and 1.5 and 1400
ml/min in those with APRI score >1.5.

* Patients with an APRI score above 1.5 had higher LBF values compared to the control group and
also compared to those with an APRI score below 1.5 (p<0.01).

* LVCresults were in line with LBF results

3.3.5. DISCUSSIONS
A) Rest

Studies in the literature have shown that liver cirrhosis induces vasoconstriction in the
intrahepatic endothelium and NO-mediated vasodilation in the endothelium of systemic vessels
including the lower limbs. (90-95)

Under resting conditions, when comparing the two main groups, no statistically significant
differences were observed, contrary to the hypothesis that there is an increased secretion of vasodilator
mediators in CH patients (95-97).

However, an interesting, statistically significant difference was observed when comparing the
subgroup of patients with ethanolic liver cirrhosis with the control group. These results were similar for
both parameters used (LBF and LVC). In support of this result comes the study by Coli et al where
additional arterial vasodilation was found in ethanolics without a clear explanation. (98)

In previous articles there have been several disputes related to the effect of chronic alcohol
consumption on the endothelium and on nitric oxide (NO) production.(99) In contrast to our result, in
various studies it has been hypothesized that ethanol inhibits nitric oxide synthesis by different
mechanisms including inhibition of NO synthase.(100,101)

One thing to note is that these patients were no longer active drinkers either, so there is no clear
explanation for this result.

Also patients with ARPI score <1 showed more vasodilation at rest compared to the control
group. This finding could be partly explained by lower oxidative stress in this subgroup with less existing
fibrosis.

B) After three minutes of sPLM

The direct comparison between the two main groups was found to be statistically significant
confirming the hypothesis that patients with cirrhosis of the liver show increased nitric oxide-induced
systemic vasodilation in contrast to endothelial dysfunction in hepatic porto vessels manifested by
vasoconstriction.(335-339) In our study both parameters used were concordant.

The mechanism involved is described in the literature and involves increased secretion of
vasoactive molecules such as adrenomedullin, vascular endothelial growth factor, carbon monoxide,
tumor necrosis factor alpha, prostacyclin (PGI2)(102,103).(102,103)

In our case the physical stressor used - passive lower limb passive motion (sPLM) - led to an
increase in nitric oxide production with the direct effect of greater vasodilation than in the control
group.

The greatest increase in vasodilation was noted in the ethanolic subgroup.
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Regarding the subgroups according to the APRI score, only those in the subgroup with APRI over
1.5 showed a statistically significant increase in the measured vasodilation parameters, a result possibly
explained by the increased degree of fibrosis in this subgroup, with increased release of vasodilation
mediators (345-350). It is noteworthy that 62 percent of the total number of patients were in this
category.

3.3.6. CONCLUSIONS

The existing hypothesis that a pathology such as liver cirrhosis manifests nitric oxide-mediated
systemic vasodilation was proven by our study but only after performing a maneuver that increases
nitric oxide production, namely sPLM.

Another remarkable finding is the additional vasodilatation manifested both at rest and during
exercise in patients in the subgroup with ethanolic liver cirrhosis.

Also, an increased vasodilation was found in patients with APRI score below 1 at rest and in
those with APRI above 1.5 at exercise by mechanisms that require better understanding.
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FINAL CONCLUSIONS

The results of our research show that the combined use of the parameters used (EF, TEI, E/A and
E/Vp) provides a more comprehensive picture of the presence and severity of cirrhotic
cardiomyopathy, better delineating the degrees of systolic and diastolic dysfunction

The use of the TEl is encouraged as a parameter with increased accuracy in determining the
presence of systolic dysfunction in patients with cirrhotic cardiomyopathy and its use is
recommended in the evaluation of all cirrhotic patients, especially in post-transplant patients
where there is a significant risk of cardiac decompensation

The TEI has been shown to be superior in the diagnosis of systolic dysfunction in cirrhotic
cardiomyopathy compared to EF, leading to its recommended use in cirrhotic patients with
preserved EF

Our study demonstrated a directly proportional correlation between changes in TEl and the
degree of liver damage, which was not found in the FE analysis.

The accuracy of the E/Vp parameter in the diagnosis of diastolic dysfunction in patients with
end-stage liver disease has been demonstrated

The parameter E/Vp is superior in terms of accuracy in the assessment of diastolic function
compared with the E/A ratio, a conclusion in agreement with the literature.

The E/Vp parameter has been shown to correlate directly proportional to the degree of liver
damage

We note the low specificity of the E/A parameter in the assessment of diastolic dysfunction,
with a U-type relationship with diastolic function, so that healthy patients and those with
significant diastolic dysfunction have the same values.

Based on the results of our research, and the statistical analysis performed, it is proposed to
widely use the two proposed parameters (TEl index and E/Vp ratio) in the evaluation of patients
with liver cirrhosis. This could lead to a better diagnosis of systolic and diastolic dysfunction in
cirrhotic patients, respectively, with positive effects on the prognosis of these patients.

The resting heart rate was found to be statistically similar between the group of cirrhotic
patients and the group of control patients with no known pathology

The results obtained from the statistical analysis of the Valsalva index demonstrated altered
parasympathetic response in cirrhotic patients compared to healthy patients

The heart rate variability expressed by SDNN, a parameter with an important prognostic value,
showed significantly lower values in cirrhotic patients compared to the control group. Thus, this
conclusion places cirrhotic patients at increased arrhythmic risk compared to healthy patients.
There was no statistically significant difference in SDNN between the various subgroups of
cirrhotic patients.

Post-exertional heart rate was significantly increased in cirrhotic patients, manifested by
persistent tachycardia, reflecting the predominant alteration of parasympathetic tone in this
group.

The results obtained at Valsalva index (response to a forced breathing maneuver against a
closed glottis), and those obtained at SDNN analysis (heart rate monitoring continuously over a
24-hour period), as well as the persistence of post-exertional tachycardia (response to physical
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exertion) lead to the conclusion that there is an alteration of vagal tone in cirrhotic patients in
different stages and moments of the life of patients with cirrhosis of the liver.

. No significant prolongation of the corrected QT interval was found in cirrhotics, neither at rest

nor on 24-hour Holter ECG monitoring

. The existing hypothesis that a pathology such as liver cirrhosis manifests nitric oxide-mediated

systemic vasodilation was proven by our study but only after performing a maneuver that
increases nitric oxide production.

. Our research found that there is an additional vasodilatation manifested both at rest and on

exercise in patients in the subgroup with ethanolic liver cirrhosis

. Increased vasodilatation was found in patients with APRI score above 1.5 (representing

increased fibrotic load) on exercise by mechanisms that require better understanding
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First of all, the originality of this work is given by the subject investigated, cirrhotic
cardiomyopathy and systemic vascular endothelial damage being pathologies with completely
unknown pathophysiology, heterogeneous clinical presentations and implicitly a diagnostic
algorithm still unstandardized.

Our study is the only study in the literature that assessed systolic dysfunction by TEl index and
diastolic dysfunction by E/Vp ratio in cirrhotic patients, these parameters being used in
several previous studies but in groups of patients with cardiac and not liver pathology

Our study is original in determining the correlation between TEI and EF in cirrhotic patients

This is the first research in the literature to demonstrate a positive correlation between
increased TEl values and severity of liver disease

The first use of a parameter combining pulsed Doppler cardiac ultrasound and M-Mode
cardiac ultrasound to assess diastolic function in cirrhotics, namely E/Vp

The importance of these findings is that a more accurate diagnosis of cardiomyopathy in
cirrhotics may improve the prognosis of these patients.

Another original element is the follow-up of autonomic dysfunction in an exhaustive way, at
different moments of the life of cirrhotic patients (at the doctor's visit, at rest, 24-hour
monitoring, during and after exercise)

Positive correlation between Valsalva index, SDNN and post-exertional heart rate in cirrhotic
patients.

The determination of the degree of systemic vasodilation by sPLM and its correlation with
APRI score and Child-Pugh classes at rest and exercise is an original research with applicable
results in practice.

Using the APRI score as a surrogate for liver biopsy to estimate the degree of fibrosis and
using this parameter to analyze the degree of peripheral vasodilation is a noninvasive, rapid,
practical and non-invasive method, free of possible complications of liver puncture.

The elements used in the research as well as their estimation by multiple parameters
contribute to a better understanding of cirrhotic cardiomyopathy, the presence and severity
of autonomic dysfunction in patients with end-stage liver disease, and a better definition of
the relationship between liver cirrhosis and vascular endothelial damage.

The tests used in the presented studies are non-invasive, have a high applicability and are
easy to use, thus giving our studies a significant clinical relevance.

LIMIT

In all of the studies conducted, an obvious limitation is the relatively small sample of patients
followed up, with a larger number having higher statistical power.

As for the disruptive factors, their influence was minimized by strict inclusion and exclusion criteria.

In the first study, the lack of comparison of the values obtained with a "gold standard" such as, for
example, the comparison of TEI, FE, E/A and E/Vp index values with cardiac MRI data, this comparison
adding to the statistical significance of the results.

The use of the comparison between the TEl and GLS index, as well as their correlation, would have
represented a better definition of the diagnostic algorithm in CMC. Also, the comparison of the E/Vp
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ratio would have been more representative of the tissue velocity of the mitral annulus in diastole (e')
than the E/A ratio, given the higher diagnostic accuracy of e', and its use in the most recent diagnostic
algorithm for diastolic dysfunction in cirrhotics.

The presence of cardiac dysfunction was not correlated with the presence of elevated values of
heart failure biomarkers (BNP, NT-pro BNP)

In the second study, only patients with compensated liver cirrhosis were evaluated. As it is known
that autonomic nervous system impairment is more prevalent in liver decompensation, a possible
underestimation of autonomic nervous system impairment in our study can be concluded.

No specific tests have been performed to assess sympathetic nervous system response.

In the third study, the fact that the assessment of the degree of liver fibrosis was based on the
APRI score and not on liver biopsy, the gold standard in fibrosis diagnosis, represents a limitation in the
analysis of the presented conclusions. It is also worth mentioning that the usability of the Fibroscan
device was limited by its high cost and low availability.

There is also a lack of comparison of the parameters used with classical parameters in the estimation of
endothelial dysfunction, such as flow-mediated dilation (FMD). Another limitation is the very small
number of patients categorized in the non-viral, non-ethanolic subcategory, making it practically
impossible to perform statistical analysis on this subgroup.

6. FUTURE DIRECTIONS

Performing these studies on a larger sample of patients with larger subgroups would allow a
better estimation of cirrhotic cardiomyopathy, autonomic dysfunction and endothelial dysfunction, with
better analysis of the differences between the different subgroups of patients.

In relation to systolic function in cirrhotic cardiomyopathy, it is proposed to compare the TEl index
with the GLS and to compare these parameters with the systolic and diastolic function obtained by
cardiac MRI, which would be of particular diagnostic and therefore prognostic importance. Similarly, a
comparison between the E/Vp ratio and e' or left atrial indexed volume could represent an interesting
research target.

Correlation of cardiac dysfunction parameters with heart failure biomarker values would
constitute a hypothesis with scientific potential.

Related to electrophysiologic impairment in liver cirrhosis, it could be investigated using other
parameters, such as RMSSD (square root of the successive differences between normal heart beats),
pNN50 (percentage of adjacent NN intervals that differ by more than 50 ms) or the triangular index of
heart rate variability. Another possible research direction would be the use of electrophysiologic studies,
which, although invasive, have the property of providing extremely important details, impossible to
assess by non-invasive methods, which could provide new information with diagnostic and especially
prognostic potential. It should be noted that there is currently no research in the literature using
electrophysiologic studies in patients with liver cirrhosis.

It is proposed to use the above mentioned parameters also in patients with decompensated cirrhosis of
the liver, in order to better assess autonomic dysfunction in this high-risk subgroup.

Also, for the comparison between different grades of liver fibrosis, a more eloquent parameter
than the APRI score would be the liver biopsy, so it is worthwhile to investigate the systolic and diastolic
dysfunction parameters, the autonomic dysfunction parameters, but also the degree of peripheral
vasodilatation in accordance with the degree of liver fibrosis obtained by liver biopsy. It should also be
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noted that liver biopsy may also give false results due to inaccuracies in the pre-washing process and is
encumbered by a potential risk of complications.

Given the pathophysiology of liver cirrhosis, the possibility of estimating the parameters of
endothelial dysfunction by pharmacologic stress tests is observed.
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