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Abstract

Echocardiography is an important non-invasive cardiac procedure which
has revolutionized the practice of cardiology globally. Indirect
assessment of mean pulmonary arterial pressure (MPAP) may assist
management of critically ill patients with pulmonary hypertension and
right heart dysfunction; however, this has not been validated in Sudan,
the purpose of this study was to Study the Pulmonary Artery Pressure
and Resistance in Sudanese Using Echocardiography. This was a cross-
sectional observational study done using transthoracic color flow
continuous wave Doppler echocardiography in Military hospital,
Omdurman, Sudan. A total of three hundred consecutive patients 157
males and 143 females, their ages ranged from 20 to 69 years were
studied. Age, weight, Right ventricle (RV) Dimensions (Cm), TV MAX
ms, and Maximum velocity of tricuspid regurgitation (TR) were taken
for all patients. The results of this study showed that the mean +
standard deviation of the patient age, weight (independent variables),
Pulmonary artery systolic pressure (PASP), Right ventricle (RV) and
tricuspid regurgitation (TR) Maximum velocity was: 37.2+11.1 years,
61.4+10.0 kg, 37.4+£10.8 mmHg, 2.3+0.1 cm and 2.8+0.4 ms (dependent
variables) respectively. The results also showed that there is strong and
significance correlation between the dependent and independent

variables at p <0.001 which gives a direct linear relationship where the



dependent variables can be predicted successfully using patient age and
weight; where for age the PASP increased by 0.68 mmHg/year starting
at 12.2mmHg, TVmax increased by 0.024 ms/year starting at 1.9ms and
RV increases by 0.006 cm/year starting at 2.1cm. also the patient weight
can be used to predicted RV and PASP, where the RV increased by
0.005 cm/kg starting at 2.02 cm and PASP increased by 0.52 mmHg/kg
starting at 5.4 mmHg. PASP mean for Sudanese’s is 33.08 mmHg . In
conclusion the parameters of the pulmonary artery pressure and
resistance can be predicted for the patient using the age and body weight

as normative data for better judgment.
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Chapter one

1.1. Introduction:

Transthoracic echocardiogram (TTE) is a common noninvasive screening tool used
to assess patients with shortness of breath(Frost et al. 2018).. Pulmonary
hypertension (PH), often noted on TTE as elevated pulmonary artery systolic
pressure (PASP), is caused by a heterogeneous group of disorders and is well
recognized to be associated with higher morbidity and mortality, regardless of
cause(McLaughlin et al. 2009). It is particularly important to identify patients who
may have World Health Organization (WHO) group 1 pulmonary arterial
hypertension (PAH) or WHO Group 4 chronic thromboembolic PH, since it has
significant implications for their prognosis and management strategies.
Unfortunately, in spite of published guidelines, there has been no meaningful
decrease in the time from symptom onset to diagnosis of PAH in the past 20 years.
On the other hand, there is a rising tendency to the misuse of PAH-specific
therapies in patients with left heart disease (LHD) or lung disease associated
PH(Kim et al, 2018). Although there are limitations to the echocardiographic
estimations of PH severity, the estimated PASP of 60 mm Hg (any peak tricuspid
regurgitation velocity >3.4 m/s) is consistent with a high probability of PH, even in
the absence of other associated echocardiographic findings( Arcasoy , et al.
2003,Galiée , et al. 2015 ). In addition to estimating PASP, TTE can assess right
ventricular size and function. Right ventricular enlargement is categorized as
normal, mild, moderate, or severe based on right ventricular basal
diameter(Rudski, et al.. 2010). This measure is easy to perform, widely available,
and has strong associations with the outcome in PH(Forfia et al, 2006). Elevated
pulmonary artery pressure (PAP) increases the static and the pulsatile afterload of
the right wventricle, leading to right ventricular enlargement and

dysfunction(Thenappan et al,2016 ) Pathological wave reflection because of
1



elevated pulmonary vascular impedance can cause systolic deceleration or
“notching” of the right ventricular outflow tract Doppler flow velocity envelope in
patients with PH. The notching can be midsystolic or late systolic in nature. Both
mid and late systolic notching have been associated with elevated pulmonary
vascular resistance, poor right ventricular function, and worse outcomes(Arkles, et
al.. 2011, Takahama, et al. 2017 ). Left atrial enlargement is a strong indicator of
PHLHD. In fact, left atrial enlargement has been considered the hemoglobin A1C
of left-sided filling pressures. Left atrial volume index >43 mL/m2 by cardiac
magnetic resonance imaging differentiates PH-LHD from precapillary PH with a
97% sensitivity and 100% specificity(Crawley et al,2013). An echocardiographic
model based on lateral mitral E/E’ ratio, left atrial anteroposterior diameter,
pulmonary artery acceleration time, and midsystolic notching of the right
ventricular outflow tract pulse Doppler has been proposed to differentiate
precapillary PH from PH-LHD( Opotowsky et al, 2012).

Pulmonary hypertension (PH) is defined as a hemodynamic state in which the
pressure in the pulmonary arterial tree is elevated2. (Stepienet al. (2009), Kellihan
et al. 2012). Pulmonary hypertension is not a specific disease, but a consequence of
a wide range of primary cardiopulmonary and systemic etiologies(McLaughlin ,
2009). Although PH was first described during an autopsy in 1891 as “pulmonary
vascular sclerosis”, it was not until mid-1900 when pulmonary artery pressures
could be directly measured via heart catheterization that factors regulating
pulmonary artery pressure (PAP) were understood(Stepien,2008). Due to the
debilitating clinical symptoms and the negative prognostic impact PH has in both
people (Rich& Rabinovitch, 2008).and animals(Borgarelli et al ,2015), there is a
focus on prompt diagnosis and treatment of this condition. Historically, a reliable
and easily obtained clinical diagnosis of PH has been challenging. The accepted

gold standard is direct measurement of the PAP using right heart catheterization(B

2



recker et al,1994).. This is rarely done in animals, however, due to invasiveness,
cost, potential risk, and the need for heavy sedation or general anesthesia which
can affect cardiac output (CO) and measured pressures. Doppler echocardiography
(DE) has made it possible to evaluate PAP non-invasively(Thenappan et al,2007),
Lewis et al ,2013). The assessment of variables potentially influencing the
accuracy of DE-based PAP estimation is the focus of this thesis. The pulmonary
vascular resistance (PVR) is a good surrogate for pulmonary vascular disease at a
certain level in patient with congenital heart disease. The surgical planning, risk of
the procedure, and clinical decision are aligned with the presence or absence of
significant pulmonary vascular disease (Lopes et al, 2014).Although several
clinical and noninvasive procedures give valuable data of hemodynamic condition
of the patient with congenital heart defect (CHD), such as using Doppler
echocardiography, which is a commonly implemented method for non-invasive
measurement of pulmonary arterial pressure; however, Doppler echocardiography
on the whole has a weakness in quantitative measurement because of limited
acoustic window especially for evaluation of pulmonary circulation and the
operator dependency for data acquisition (Mansencal, et al 2005). In the current
era, phase-contrast magnetic resonance imaging (MRI) is counted as an added non-
invasive method for assessment of hemodynamics of pulmonary or systemic
circulation (Lotz et al 2002) . These techniques offer the prospect for precise
estimation of pulmonary circulation parameters, and their measurements were
more accurate and reproducible than Doppler echocardiography (Lee et al,1997)..
Despite that nonetheless invasive right and left heart cardiac catheterization
remains to be the gold-standard procedure of calculation PVR in the CHD field
(Rosenzweig et al, 2019).. The PVR calculation is based on the hydraulic version
of Ohm’s law (9).



1.2. Problem of the study:
Echocardiography is an important noninvasive cardiac procedure which has
revolutionized the practice of cardiology globally. Indirect assessment of mean
pulmonary arterial pressure (MPAP) may assist management of critically ill
patients with pulmonary hypertension and right heart dysfunction; however, this
has not been validated in Sudan.
1.3. Objective of the study:

1.3.1. General objective:

The main objective of this study was to Study the Pulmonary Artery Pressure and
Resistance in Sudanese Using Echocardiography.

1.3.2. Specific objectives:

- To find normal pulmonary artery pressure values and co-relate with
echocardiogram finding.

- To identify the correlation between raise pulmonary artery and possibility of
ilIness.

- To evaluate the relation between the normal pulmonary pressure, Doppler blood
flow, main pulmonary pressure, pulmonary artery pressure. And the heart

- To substantiate the use of echocardiography in diagnosis of pulmonary artery
diseases.

- To compare the normal pulmonary artery pressure in Sudanese people with

stander values.

1.4 Research outline:

The research included five chapters. Chapter one deal with the general introduction
of the research, problem statement and the objectives of the study. Chapter two
deals with literatures review cover the theoretical background and previous studies.
Chapter three deal with the methodology of the study, including materials, method

4



and equipment. Chapter four will cover the results. And chapter five covers

discussion, conclusion, recommendations and references.



Chapter Two
Literature Review and Background Studies
Theoretical background and literature review
2.1 Anatomy of the heart
The heart, slightly larger than a clenched fist, is a double, self-adjusting, suction
and pressure pump, the parts of which work in unison to propel blood to all parts of
the body. Right side of the heart (right heart) receives poorly oxygenated (venous)
blood from the body through the SVC and IVC and pumps it through the
pulmonary trunk to the lungs for oxygenation. "
The left side of the heart (left heart) receives well-oxygenated (arterial) blood from
the lungs through the pulmonary veins and pumps it into the aorta for distribution
to the body. The heart has four chambers: right and left atria and right and left
ventricles. The atria are receiving chambers that pump blood into the ventricles
(the discharging chambers). The synchronous pumping actions of the heart's two
atrioventricular (AV) pumps (right and left chambers) constitute the cardiac cycle .
The cycle begins with a period of ventricular elongation and filling (diastole) and
ends with a period of ventricular shortening and emptying (systole) (Moore, and
Dalley, 2006).
The wall of each heart chamber consists of three layers
-Endocardium, a thin internal layer (endothelium and sub endothelial connective
tissue) or lining membrane of the heart that also covers its valves.
-Myocardium, a thick, helical middle layer composed of cardiac muscle.
-Epicardium, a thin external layer (mesothelium) formed by the visceral layer of
serous pericardium.
The walls of the heart consist mostly of thick myocardium, especially in the

ventricles.



When the ventricles contract, they produce a wringing motion because of the
double helical orientation of the cardiac muscle fibers (Moore, and Dalley, 2006).
2.1.1The apex of the heart

Is formed by the inferolateral part of the left ventricle.

Lies posterior to the left 5th intercostal space in adults, usually approximately 9 cm
(a hand's breadth) from the median plane.

Remains motion less throughout the cardiac cycle.

Is where the sounds of mitral valve closure are maximal (apex beat), the apex
underlies the site where the heartbeat may be auscultated on the thoracic
wall(Moore, and Dalley, 2006).

2.1.2The base of the heart

Is the heart's posterior aspect (opposite the apex), is formed mainly by the left
atrium, with a lesser contribution by the right atrium.

Faces posteriorly toward the bodies of vertebrae T6-T9 and is separated from them
by the pericardium, oblique pericardial sinus, esophagus, and aorta, extends
superiorly to the bifurcation of the pulmonary trunk and inferiorly to the coronary
groove, receives the pulmonary veins on the right and left sides of its left atrial
portion and the superior and inferior vena cava at the superior and inferior ends of
its right atrial portion(Moore, and Dalley, 2006).

2.1 .3 The surfaces of the heart

The four surfaces of the heart are the:

Anterior (sternocostal) surface, formed mainly by the right ventricle,diaphragmatic
(inferior) surface, formed mainly by the left ventricle and partly by the right
ventricle; it is related mainly to the central tendon of the diaphragm,right
pulmonary surface, formed mainly by the right atrium,left pulmonary surface,

formed mainly by the left ventricle; it forms the cardiac impression of the left lung



and the SVC enters its right side. Posterior to the aorta and pulmonary trunk and
anterior to the SVC, this border forms the inferior boundary of the transverse

pericardial sinus(Moore, and Dalley, 2006).

Internal View of the Heart

Pulmonary valve Aorta (arch)

B\ Pulmonary
: arteries

Pulmonary
veing —

Left atrium

Mitral valve

Aortic vak
Right ventricle ortic vake

T

Left ventricle

Figure 2.1 Gross anatomy of the heart (Buba, et al., 2008).
2.1.4 Right Atrium

The right atrium forms the right border of the heart and receives venous blood
from the SVC, IVC, and coronary sinus. The ear-like right auricle is a conical
muscular pouch that projects from this chamber like an add-on room, increasing

the capacity of the atrium as it overlaps the ascending aorta (Buba, et al., 2008).



2.1.5 Right Ventricle

The right ventricle forms the largest part of the anterior surface of the heart, a
small part of the diaphragmatic surface, and almost the entire inferior border of the
heart. Superiorly it tapers into an arterial cone, the conus arteriosus
(infundibulum), which leads into the pulmonary trunk. The interior of the right
ventricle has irregular muscular elevations (trabeculae carneae). A thick muscular
ridge, the supraventricular crest, separates the ridged muscular wall of the inflow
part of the chamber from the smooth wall of the conus arteriosus, or outflow part.
The inflow part of the ventricle receives blood from the right atrium through the
right AV (tricuspid) orifice located posterior to the body of the sternum at the level
of the 4th and 5th intercostal spaces.

The tricuspid valve guards the right AV orifice. The bases of the valve cusps are
attached to the fibrous ring around the orifice (Snell, 2000).

2.1.6 Left Atrium

The left atrium forms most of the base of the heart. The valve less pairs of right
and left pulmonary veins enters the smooth-walled atrium. In the embryo, there is
only one common pulmonary vein, just as there is a single pulmonary trunk. The
wall of this vein and four of its tributaries were incorporated into the wall of the
left atrium, in the same way that the sinus venous was incorporated into the right
atrium(Snell, 2000).

2.1.7 Left Ventricle

The left ventricle forms the apex of the heart, nearly all its left (pulmonary) surface
and border, and most of the diaphragmatic surface because arterial pressure is
much higher in the systemic than in the pulmonary circulation.

The interior of the left ventricle has Walls that are two to three times as thick as
that of the right ventricle (Snell, 2000).



The mitral valve has two cusps, anterior and posterior. The mitral valve is located
posterior to the sternum at the level of the 4th costal cartilage. Each of its cusps
receives tendinous cords from more than one papillary muscle (Snell, 2000).

2.1.8 Vasculature of the Heart

The blood vessels of the heart comprise the coronary arteries and cardiac veins,
which carry blood to and from most of the myocardium. The blood vessels of the
heart are affected by both sympathetic and parasympathetic innervations(Moore,
and Dalley, 2006).

2.1.8.1 Arterial Supply of the Heart

The coronary arteries, the first branches of the aorta, supply the myocardium and
epicardium. The right and left coronary arteries arise from the corresponding aortic
sinuses at the proximal part of the ascending aorta. The coronary arteries supply
both the atria and the ventricles; however, the atrial branches are usually small and
not readily apparent in the cadaveric heart. The ventricular distribution of each
coronary artery is not sharply demarcated. MThe right coronary artery (RCA)
arises from the right aortic sinus of the ascending aorta and passes to the right side
of the pulmonary trunk, running in the coronary groove. Near its origin, the RCA
usually gives off an ascending sinuatrial nodal branch The RCA then descends in
the coronary groove and gives off the right marginal branch, which supplies the
right border of the heart as it runs toward the apex of the heart the RCA supplies
The right atrium, most of right ventricle, part of the left ventricle (the
diaphragmatic surface), part (usually the posterior third) of the IV septum. The SA
node (in approximately 60% of people), the AV node (in approximately 80% of
people) (Moore, and Dalley, 2006).

The left coronary artery (LCA) arises from the left aortic sinus of the ascending
aorta , passes between the left auricle and the left side of the pulmonary trunk, and

runs in the coronary groove the LCA divides into two branches, the anterior 1V
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branch (left anterior descending (LAD) branch) and the circumflex branch . The

anterior 1V branch passes along the IV groove to the apex of the heart(Fig 2.2)
(Moore, and Dalley, 2006).

1. Aorta

2. Right Coronary
- Artery

3. Left Anterior
Descending
Coronary Artery

4. Circumflex Coronary
Artery

5. Left Main
Coronary Artery

Figure 2.2 arteries of the heart (Buba, et al., 2008).
2.2.8.2 Venous Drainage of the Heart
The heart is drained mainly by veins that empty into the coronary sinus and partly
by small veins that empty into the right atrium. The coronary sinus, the main vein
of the heart, is a wide venous channel that runs from left to right in the posterior
part of the coronary groove. The coronary sinus receives the great cardiac vein at

its left end and the middle cardiac vein and small cardiac veins at its right end. The

11



left posterior ventricular vein and left marginal vein also open into the coronary
sinus.
The great cardiac vein is the main tributary of the coronary sinus. Its first part
(anterior interventricular vein) begins near the apex of the heart and ascends with
the anterior 1V branch of the LCA .The great cardiac vein drains the areas of the
heart supplied by the LCA. The middle cardiac vein (posterior IV vein)
accompanies the posterior interventricular branch (usually arising from the RCA),
and a small cardiac vein accompanies the right marginal branch of the RCA. "
Some cardiac veins do not drain via the coronary sinus. Several small anterior
cardiac veins begin over the anterior surface of the right ventricle; cross over the
coronary groove, and usually end directly in the right atrium sometimes they enter
the small cardiac vein. The smallest cardiac veins are minute vessels that begin in
the capillary beds of the myocardium and open directly into the chambers of the
heart, chiefly the atria. Although called veins, they are valve less communications
with the capillary beds of the myocardium and may carry blood from the heart

chambers to the myocardium(Fig 2.3) (Moore, and Dalley, 2006).
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Figure 2.3 venues drainage of the heart (Buba, et al., 2008).

2.1.9 Lymphatic Drainage of the Heart

Lymphatic vessels in the myocardium and subendocardial connective tissue pass to
the subepicardial lymphatic plexus. Vessels from this plexus pass to the coronary
groove and follow the coronary arteries. A single lymphatic vessel, formed by the
union of various vessels from the heart, ascends between the pulmonary trunk and
left atrium and ends in the inferior tracheobronchial lymph nodes, usually on the
right side (Snell, 2000).

2.1.10 Innervations of the Heart

The heart is supplied by autonomic nerve fibers from the cardiac plexus which is

often quite artificially divided into superficial and deep portions.
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The sympathetic supply is from presynaptic fibers, with cell bodies in the
intermediolateral cell columns of the superior five or six thoracic segments of the
spinal cord, and postsynaptic sympathetic fibers, with cell bodies in the cervical
and superior thoracic paravertebral ganglia of the sympathetic trunks. The
postsynaptic fibers traverse cardiopulmonary splanchnic nerves and the cardiac
plexus to end in the SA and AV nodes and in relation to the terminations of
parasympathetic fibers on the coronary arteries. Sympathetic stimulation causes
increased heart rate; impulse conduction; force of contraction; and, at the same
time, increased blood flow through the coronary vessels to support the increased
activity (Moore, and Dalley, 2006).

The parasympathetic supply is from presynaptic fibers of the vagus nerves.
Postsynaptic parasympathetic cell bodies (intrinsic ganglia) are located in the atrial
wall and interatrial septum near the SA and AV nodes and along the coronary
arteries. Parasympathetic stimulation slows the heart rate, reduces the force of the
contraction, and constricts the coronary arteries, saving energy between periods of
increased demand. Postsynaptic parasympathetic fibers release acetylcholine,
which binds with muscarinic receptors to slow the rates of depolarization of the
pacemaker cells and atrioventricular conduction and decrease atrial contractility
(Moore, and Dalley, 2006).

2.2 Physiology of the heart The heart is the muscular organ of the circulatory
system that constantly pumps blood throughout the body. Approximately the size
of a clenched fist, the heart is composed of cardiac muscle tissue that is very strong
and able to contract and relax rhythmically throughout a person's lifetime.
(William 2003) The human heart is actually two pumps in one. The right side
receives oxygen-poor blood from the various regions of the body and delivers it to

the lungs. In the lungs, oxygen is absorbed in the blood. The left side of the heart

14



receives the oxygen-rich blood from the lungs and delivers it to the rest of the body
(Ganong, , 2003)

The heart has four separate compartments or chambers. The upper chamber on
each side of the heart, which is called an atrium, receives and collects the blood
coming to the heart. The atrium then delivers blood to the powerful lower chamber,
called a ventricle, which pumps blood away from the heart through powerful,

rhythmic contractions (Ganong, , 2003)
2.2.1Mechanical events of the cardiac cycle

2.2.1.1 Events in Late Diastole

Late in diastole, the mitral and tricuspid valves between the atria and
ventricles are open and the aortic and pulmonary valves are closed. Blood
flows into the heart throughout diastole, filling the atria and ventricles. The
rate of filling declines as the ventricles become distended, and especially
when the heart rate is low the cusps of the atrioventricular (AV) valves
drift toward the closed position the pressure in the ventricles remains low
(Ganong, , 2003)

2.2.1.2AtrialSystole

Contraction of the atria propels some additional blood into the ventricles, but about
70% of the ventricular filling occurs passively during diastole. Contraction of the
atrial muscle that surrounds the orifices of the superior and inferior vena cava and
pulmonary veins narrows their orifices, and the inertia of the blood moving toward
the heart tends to keep blood in it; however, there is some regurgitation of blood
into the veins during atrial systole (Ganong, , 2003)

2.2.1.3VentricularSystole

At the start of ventricular systole, the mitral and tricuspid (AV) valves close.

Ventricular muscle initially shortens relatively little, but intraventricular pressure
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rises sharply as the myocardium presses on the blood in the ventricle (Ganong, ,
2003)

This period of isovolumetric (isovolumic, isometric) ventricular contraction lasts
about 0.05 s, until the pressures in the left and right ventricles exceed the pressures
in the aorta (80 mm Hg) and pulmonary artery (10 mm Hg) and the aortic and
pulmonary valves open. During isovolumetric contraction, the AV valves bulge
into the atria, causing a small but sharp rise in atrial pressure (Ganong, , 2003)
When the aortic and pulmonary valves open, the phase of ventricular ejection
begins. Ejection is rapid at first, slowing down as systole progresses. The
intraventricular pressure rises to a maximum and then declines somewhat before
ventricular systole ends. Peak left ventricular pressure is about 120 mm Hg, and
peak right ventricular pressure is 25 mm Hg or less. Late in systole, the aortic
pressure actually exceeds the ventricular, but for a short period momentum keeps
the blood moving forward. The AV valves are pulled down by the contractions of
the ventricular muscle, and atrial pressure drops. The amount of blood ejected by
each ventricle per stroke at rest is 70-90 mL. The end-diastolic ventricular volume
is about 130 mL. Thus, about 50 mL of blood remains in each ventricle at the end
of systole (end-systolic ventricular volume), and the ejection fraction, the percent
of the end-diastolic ventricular volume that is ejected with each stroke, is about
65%. The ejection fraction is a valuable indexofventricularfunction (Ganong, |,
2003)

2.2.1.1Early Diastole

Once the ventricular muscle is fully contracted, the already falling ventricular
pressures drop more rapidly. This is the period of protodiastole. It lasts about 0.04
s. It ends when the momentum of the ejected blood is overcome and the aortic and
pulmonary valves close, setting up transient vibrations in the blood and blood

vessel walls. After the valves are closed, pressure continues to drop rapidly during
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the period of isovolumetric ventricular relaxation. Isovolumetric relaxation ends
when the ventricular pressure falls below the atrial pressure and the AV valves
open, permitting the ventricles to fill. Filling is rapid at first, then slows as the next
cardiac contraction approaches. Atrial pressure continues to rise after the end of
ventricular systole until the AV valves open, then drops and slowly rises again
until the next atrial systole (Guyton, 2006).
2.2.2 Electrical Conduction System
The heart is composed primarily of muscle tissue. A network of nerve fibers
coordinates the contraction and relaxation of the cardiac muscle tissue to obtain an
efficient, wave-like pumping action of the heart (Fig 2.4) (Guyton, 2006).

1. Sinoatrial node (SA node)

2. Atrioventricular node (AV node)

3. Common AV Bundle

4. Right & Left Bundle

Branches

Figure 2.4 Electrical Conduction System of heart (Buba, et al., 2008).
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The Sinoatrial Node (often called the SA node or sinus node) serves as the natural
pacemaker for the heart. Nestled in the upper area of the right atrium, it sends the
electrical impulse that triggers each heartbeat. The impulse spreads through the
atria, prompting the cardiac muscle tissue to contract in a coordinated wave-like
manner.

The impulse that originates from the sinoatrial node strikes the Atrioventricular
node (or AV node) which is situated in the lower portion of the right atrium. The
atrioventricular node in turn sends an impulse through the nerve network to the
ventricles, initiating the same wave-like contraction of the ventricles (Guyton,
2006).

The electrical network serving the ventricles leaves the atrioventricular node
through the Right and Left Bundle Branches. These nerve fibers send impulses that

cause the cardiac muscle tissue to contract (Guyton, 2006).

2-3 Pathology of the heart
2-3 -1 Right Heart Failure

The symptomatic and prognostic relevance of the right ventricle in a myriad of
conditions, including pulmonary arterial hypertension (PAH), left heartfailure, and
after implantation of left ventricular assist devices (LVADs), has renewed interest
in the right ventricle as more than a mere conduit for transmitting blood to the
lungs. Accordingly, there has been growing interest in proper and ac-curate
assessment of right ventricular (RV) function. Because right heart failure is
typically aconsequence of increased afterload, a careful study of functional
interactions between the right ventricle and pulmonary vascular system is
warranted. Traditional hemodynamics by right heart catheterization (RHC) is
routinely used to draw in-ferences on RV function, preload, and afterload.

However, more robust methods for characterizing function, load, ventricular-
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vascular coupling, and diastole are available and can more accurately interpret
hemodynamics in patients with RV failure. This article reviews traditional and
gold-standard hemodynamic assessments of the right ventricle in health and
disease. (Verdecchia P 1990).

Figure (2.5): 2D echocardiogram from the subcostal view of a normal heart (left

panel) and the heart in a patient with RV hypertrophy (right panel) showing

measurement of RV free wall thickness (arrows),( Pleister, et al 2015)

2-3-2 Hypertensive heart disease

The cause of hypertensive heart disease is chronically elevated blood pressure
(BP); however, the causes of elevated BP are diverse. Essential hypertension
accounts for 90% of cases of hypertension in adults. Secondary causes of
hypertension account for the remaining 10% of cases of chronically elevated BP.
According to the Framingham Study, hypertension accounts for about one quarter

of heart failure cases.[ In the elderly population, as many as 68% of heart failure
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cases are attributed to hypertension .Community-based studies have demonstrated
that hypertension may contribute to the development of heart failure in as many as
50-60% of patients. In patients with hypertension, the risk of heart failure is
increased by 2-fold in men and by 3-fold in women.

Uncontrolled and prolonged elevation of BP can lead to a variety of changes in the
myocardial structure, coronary vasculature, and conduction system of the heart.
These changes in turn can lead to the development of left ventricular hypertrophy
(LVH), coronary artery disease (CAD), various conduction system diseases, and
systolic and diastolic dysfunction of the myocardium, complications that manifest
clinically as angina or myocardial infarction, cardiac arrhythmias (especially atrial
fibrillation), and congestive heart failure (CHF).

Thus, hypertensive heart disease is a term applied generally to heart diseases, such
as LVH, coronary artery disease, cardiac arrhythmias, and CHF, that are caused by
the direct or indirect effects of elevated BP. Although these diseases generally
develop in response to chronically elevated BP, marked and acute elevation of BP
can lead to accentuation of an underlying predisposition to any of the symptoms
traditionally associated with chronic hypertension.

2-3 -3 Valvular disease

The diagnosis and management of commonly occurring valvular heart diseases for
the primary care provider. Basic understanding of pathologic murmurs is important
for appropriate referral. Echocardiography is the gold standard for diagnosis and
severity grading. Patients with progressive valvular heart disease should be
followed annually by cardiology and imaging should be performed based on the
severity of valvular dysfunction. Surgery or intervention is recommended only
when symptoms dictate or when changes in left ventricular function occur. Surgery
or intervention should be performed after discussion by a heart team, including
cardiologists and cardiac surgeons. (Kannel W, Cobb J.1992).
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Figure (2.7): Mitral regurgitation, (Verdecchia P 1990).

2-3 -4 Left heart disease

Pulmonary hypertension (PH) is frequent in left heart disease (LHD), as a
consequence of the underlying condition. Significant advances have occurred over
the past 5 years since the 5th World Symposium on Pulmonary Hypertension in
2013, leading to a better understanding of PH-LHD, challenges and gaps in
evidence. PH in heart failure with preserved ejection fraction represents the most

complex situation, as it may be misdiagnosed with group 1 PH. Based on the latest
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evidence, we propose a new haemodynamic definition for PH due to LHD and a
three-step pragmatic approach to differential diagnosis. This includes the
identification of a specific "left heart" phenotype and a non-invasive probability of
PH-LHD. Invasive confirmation of PH-LHD is based on the accurate measurement
of pulmonary arterial wedge pressure and, in patients with high probability,
provocative testing to clarify the diagnosis. Finally, recent clinical trials did not
demonstrate a benefit in treating PH due to LHD with pulmonary arterial

hypertension-approved therapies.

Figure (2.8): Concentric LVH (Verdecchia P 1990).

2-3 -5 Left atrial abnormalities

Frequently underappreciated, structural and functional changes of the left atrium
are very common in patients with hypertension. The increased afterload imposed
on the LA by the elevated LV end-diastolic pressure secondary to increased BP
leads to impairment of the left atrium and left atrial (LA) appendage function, plus
increased LA size and thickness.

Increased LA size accompanying hypertension in the absence of valvular heart
disease or systolic dysfunction usually implies chronicity of hypertension and may

correlate with the severity of LV diastolic dysfunction.
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In addition to LA structural changes, these patients are predisposed to atrial
fibrillation. Atrial fibrillation, with loss of atrial contribution in the presence of

diastolic dysfunction, may precipitate overt heart failure, (Avdi¢ S, et al 2007).

Figure (2.9): Dilated Right, left atrium.

2-3 -6 Congenital heart disease

Pulmonary arterial hypertension (PAH) is commonly associated with congenital
heart disease (CHD) and relates to type of the underlying cardiac defects and repair
history. Large systemic to pulmonary shunts may develop PAH if untreated or
repaired late. PAH, when present, markedly increases morbidity and mortality in
patients with CHD. Significant progress has been made for patients with
Eisenmenger syndrome in pathophysiology, prognostication and disease-targeting
therapy (DTT), which needs to be applied to routine patient care. Patients with
PAH-CHD and systemic to pulmonary shunting may benefit from late defect
closure if pulmonary vascular resistance (PVR) is still normal or near normal.
Patients with PAH and coincidental defects, or previous repair of CHD should be
managed as those with idiopathic PAH. Patients with a Fontan circulation, despite

not strictly fulfilling criteria for PAH, may have elevated PVR; recent evidence
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suggests that they may also benefit from DTT, but more data are required before
general recommendations can be made. CHD-PAH is a lifelong, progressive
disease; patients should receive tertiary care and benefit from a proactive DTT
approach. Novel biomarkers and genetic advances may identify patients with CHD
who should be referred for late defect closure and/or patients at high risk of
developing PAH despite early closure in childhood. Ongoing vigilance for PAH

and further controlled studies is clearly warranted in CHD. ( Van Dissel,et al,2017)

Figure (2.10):. Transthoracic echocardiographic (apical four chamber view) images of the 4
clinical subgroups in pulmonary arterial hypertension associated with congenital heart disease
(PAH-CHD): (A) Eisenmenger syndrome: atrioventricular septal defect; (B) PAH associated
with prevalent systemic-to-pulmonary shunt lesion: atrial septal defect with left-to-right shunt;
(C) PAH associated with small or coincidental cardiac defect: secundum atrial septal defect; (D)
PAH after defect closure: closed atrial septal defect. LA = left atrium; LV = left ventricle; RA =

right atrium; RV = right ventricle.( van Dissel,et al,2017)
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2-3 -7 .Myocardial ischemia

Patients with angina have a high prevalence of hypertension. Hypertension is an
established risk factor for the development of coronary artery disease, almost
doubling the risk. The development of ischemia in patients with hypertension is
multifactorial.

Importantly, in patients with hypertension, angina can occur in the absence of
epicardial coronary artery disease. The reason for this is 2-fold. Increased afterload
secondary to hypertension leads to an increase in LV wall tension and transmural
pressure, compromising coronary blood flow during diastole. In addition, the
microvasculature beyond the epicardial coronary arteries has been shown to be
dysfunctional in patients with hypertension, and it may be unable to compensate
for increased metabolic and oxygen demand, (Avdic¢ S, et al 2007).

The development and progression of arteriosclerosis, the hallmark of coronary
artery disease, is exacerbated in arteries subjected to chronically elevated BP.
Shear stress associated with hypertension and the resulting endothelial dysfunction
cause impairment in the synthesis and release of the potent vasodilator nitric oxide.
A decreased nitric oxide level promotes the development and acceleration of
arteriosclerosis and plaque formation. Morphologic features of the plague are
identical to those observed in patients without hypertension.
2-4-Echocardiography:

Echocardiography is a simple ultrasound of the heart performed by ultrasound
specialist its done with the patient lying down. The specialist uses a computer with
a transducer attachment and a clear jelly like substance is wiped on the skin and
helps the transducers accuracy .this is the same technology used to look at fetuses

during pregnancy .the transducers is then pushed against the patients chest.it emits
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sound waves that (echo) back when they hit an object like aheart valve allowing a

moving image to be seen on screen
2-4-1 Sites of transducer placement:

Air being a poor conductor of ultrasound, the transducer should be placed at
points without lung interference .Such sites are( left parasternal space ( standard
point ) apex of the heart, suprasternal notch ( to study aorta & major branches )
, Xiphisternum — useful in patients emphysematous lung , right parasternal space in
dextroposition&dextrocardia, and oesophagus,using a trans—oesophageal

transducer

2-4-1-1 Right Heart Imaging Protocol

The protocol includes the measurement of a range of parameters assessed from
windows (parasternal, apical and subcostal view), which is first described using
Doppler examination and secondly using M-mode examination. The aim of the
measures selected is to determine the pressure within, and the capacity and
function of, the RV.

2-4-1-2 Parasternal views

In normal subjects the anterior RV wall is thin; its mass is less than one sixth and
its diameter less than one third of the LV.

In the parasternal long-axis view, the moderator band is usually seen close to the
IVS traversing the RV and care should be taken not to include the moderator band
in the measurements of the IVS. In significant PH, the LV cavity may be reduced
in size in both systole and diastole, with deviation (bowing) of the septum towards
the LV (fig. (2-7). aand b).
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Figure (2-11). a) Normal parasternal long-axis view. Note that the right ventricle
Is less than one third of the size of the left ventricle. b) Parasternal long-axis view
in pulmonary hypertension (PH). Severely dilated right ventricle with hypertrophy
of the moderator band and the right ventricular free wall. The left ventricular
cavity is small due to chronic right ventricular pressure overload. c) Normal
parasternal long-axis view of the right ventricular outflow tract (RVOT) showing
the main pulmonary trunk, branches of the pulmonary artery and the pulmonary
valve. d) Parasternal long-axis view of the RVOT in PH showing the dilated
pulmonary artery and branches. €) Normal apical four-chamber view. f) Apical
four-chamber view in PH showing marked right ventricular dilation and
hypertrophy.

The long-axis view of the RV inflow tract may also allow for optimal alignment
for estimation of TRV when the tricuspid regurgitant jet is eccentric.

Abnormalities of the leaflets and subvalvular apparatus should also be assessed to
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exclude primary valvular pathology. In addition, this view may be used to provide
a qualitative estimate of RV systolic function.

The long- and short-axis views of the right ventricular outflow tract (RVOT) are
useful for the assessment of the main pulmonary artery, which is dilated in relation
to the adjacent aorta in PH, and pulmonary regurgitation (fig. (2-7). c and d).
However, we are not aware of any data to suggest that dilation of the pulmonary
artery is a sensitive measurement for detection of PH using echocardiography.

As well as demonstrating the atria and RV, the short-axis view of the aorta and left
atrium shows the aortic, tricuspid and pulmonary valves simultaneously, making
this a useful view for the assessment of structural valvular abnormalities. It can
also help to identify an atrial septal defect using a zoom view of the interatrial
septum with colour Doppler imaging. RV dilation and hypertrophy, as well as
dilation of the pulmonary artery, can also be seen in this view. Finally, the degree
of distortion of the LV and IVS arising due to increased pressure in the RV during
diastole and systole (LV eccentricity index) can be quantified using a short-axis
view at the level of left ventricular papillary muscles. While in a normal situation
the LV appears circular in shape, in systole and diastole dilation of the RV and
increased RV pressure in severe PH shifts the IVS to the left, giving the LV a
characteristic D-shape. Consequently, a RV that is dilated purely due to volume
overload will deviate the septum, mainly in diastole, due to raised end diastolic
pressure and, conversely, a pressure-loaded RV will deviate the septum in systole.
When pressure overload is severe the septum may even be deviated into the LV
cavity itself.

Apical four-chamber views

A number of parameters influenced by the presence of PH can be assessed in this
view, including RV dilation and hypertrophy, with systolic dysfunction and

reduced myocardial tissue velocities being quantifiable by tissue Doppler imaging.
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In PH, the apex is frequently hypertrophied and akinetic, and careful examination
of the apex should be performed to exclude thrombus or an apical mass .(Grapsa et
al,2011).. Diastolic opening of the tricuspid leaflets, which can also be assessed in
this view,

becomes less vigorous as PH progresses. The tricuspid valve leaflet adjacent to the
free wall may be either the anterior (most commonly) or posterior leaflet,
depending on the exact rotation and angulation of the image plane. Tricuspid
leaflets are uniformly echogenic, with normal coaptation in systole. When
significant tricuspid regurgitation develops in PH, careful identification of any
structural abnormalities is needed to ensure primary tricuspid incompetence is
differentiated from secondary incompetence due to the annular dilation.

The interatrial and interventricular septums can be clearly delineated (fig. (2-7). e
and f). Drop-out artefact is commonly seen in the region of fossa ovalis and this
should not be mistaken for an atrial septal defect. The use of tissue Doppler
imaging to the septal and lateral LV walls may help to identify significant LV
diastolic dysfunction.

Subcostal view

The subcostal view allows the degree of RV dysfunction and the thickness of the
RV walls to be estimated. This assessment is particularly useful in patients where
parasternal or apical window views are difficult to image, such as those with
COPD.

It provides the best view for the measurement of RV inferior wall thickness and
determines the presence of an atrial septal defect. The diameter of the inferior vena
cava measured at rest and during inspiration in this view can be used to provide an

estimate of right atrial pressure (Pra).
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Doppler examination

As part of a full echocardiographic assessment, Doppler examination should be
performed in the following sequence:( colour Doppler in all apical projections,
colour Doppler in parasternal projections (long axis/short axis), pulsed-wave
Doppler for transmitral velocities , pulsed-wave Doppler for LV outflow tract,
pulsed-wave Doppler for the tricuspid inflow, pulsed-wave Doppler for the RVOT

Continuous-wave Doppler across the LV outflow aortic valve, Continuous-wave
Doppler across the tricuspid valve (for tricuspid regurgitation); Continuous-wave
Doppler across the pulmonary valve (for pulmonary regurgitation), Tissue Doppler
imaging (TDI) of the RV free wall.

ressure Measurements in PH

PRA can be estimated by measurement of the diameter of the inferior vena cava at

end-expiration and during sharp inspiration using M-mode in the subcostal view
(fig. (2-8).

Figure. (2-12). Right atrial pressure: M-mode during sniff manoeuvre.
High PRA is associated with dilation of the vena cava (normal range 1.5-2.5 cm)
and/or failure of the segment adjacent to the right atrium to collapse by at least

50% with inspiration .
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Inferior vena cava diameter 20 mm with respiratory variation of diameter ,50% has
been shown to be significantly associated with mortality in patients with PAH
(Brierre et al. 2010)..

TRV reflects the difference in pressure between the RV and the right atrium and
can be measured from continuous wave Doppler of the tricuspid regurgitant jet

from the apical fourchamber view, or from the parasternal RV inflow view if the

regurgitant jet is eccentric (fig. (2-9).).

Figure. (2-13). the peak tricuspid regurgitant velocity.

When pulmonary stenosis is absent, the RV systolic pressure (RVSP) is assumed to
be equivalent to the systolic Ppa and can be calculated from the TRV using the

Bernoulli equation, using estimated Pra from
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inferior vena cava diameter .(Grapsa et al,2011).

systolic Ppa5RVSP54(TRVend)® +Pra

where TRVend is peak TRV at end diastole.

Mean Ppa and pulmonary end-diastolic pressure are not routinely used in the
diagnosis or follow-up of PH, but may be useful when TRV cannot be used or is
unreliable. In 2D-echocardiography, the pulmonary valve is best imaged fromthe
parasternal short-axis at the level of the aortic valve (fig. 1c and 1d). Pulmonary
valvular motion can be determined with M-mode echocardiography and may show
mid-diastolic closure. Mean Ppa and pulmonary enddiastolic pressure can be
derived from the TRV at the beginning (PRVbd) and end (PRVed) of diastole,
respectively (fig. (2-10).). pulmonary end-diastolic pressure54(PRVed)2+Pra
mPpa54(PRVbd)2

I
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Figure. (2-14). Pulmonary regurgitant velocity at the start of diastole
(PRVbd) and end-diastole (PRVed).
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By positioning the sample volume at the centre of the pulmonary artery (ideally at
the annulus) in the short-axis view, acceleration time can be measured in the

parasternal short-axis view (fig. (2-11).

Fr Rate:High AR SV Angle 0°
A Dep 6.9 ¢cm
Size 40 mm
Freq 20 MHz
WF Low
Dop 62% HMap 3 - 20

Col79% Map 1
WF High

PRF 4000 Hz
Flow Opt: Med V

- | PRF 2500
! \ ﬁ, ‘ - 10

- cmis

Figure. (2-15). .Acceleration time (AT) measured across the pulmonary outflow
tract in the parasternal short-axis view.

Cardiac Chamber Cavity Measurements in PH

Right atrial volume index is calculated from the apical four chamber view or from
the subcostal view, and is measured at maximum atrial volume at end-systole. The
single plane area— length method is used and right atrium volume is measured
using the area and the long-axis length of the atrium (fig. (2-15). aand b) .

right atrium volume index5(0.85 A2/L)/BSA where A is the atrium area in any
view (cm2), L is the long-axis atrium length (cm) and BSA is body surface area.
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RV fractional area change (%)5 (end-diastolic area - end-systolic area)/end-
diastolic area LV eccentricity index is the ratio of the minor axis of the LV parallel
to the septum (D2) divided by the minor axis perpendicular to the septum (D1) and
IS measured in the parasternal short-axis view at the level of the LV papillary
muscles (fig. (2-15). ¢ and d) in both end diastole and end systole.

Measures of function in PH

Myocardial performance index of the RV, also known as the Tei index, is made up
of a combination of systolic and diastolic measurements. It has a number of

advantages as a functional measure, including: 1) being relatively unaffected

Figure (2-16. a) Measurement of the right atrial a) area and b) long axis for
calculation of right atrial volume. c¢) Measurement of the left ventricular
eccentricity index in end-diastole and d) end-systole. DI: minor axis perpendicular

to the septum; D2: minor axis of the left ventricle parallel to the septum.
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by heart rate, loading conditions or the presence and severity of tricuspid
regurgitation; 2) having good reproducibility; 3) being quick to calculate; 4) not
relying on the use of geometric models; and 5) being able to be applied even in the
presence of a difficult acoustic window.

The Tei index can be measured either from colour Doppler imaging (apical four-
chamber view for the tricuspid inflow pattern and the parasternal short-axis RVOT
view for the determination of ejection time) or tissue Doppler imaging (fig. 2-13).
The Tei index should be indexed for heart rate, as described previously for RVOT
acceleration time. In patients with idiopathic PAH the index correlates with
symptoms and values .0.88 predict poor survival (Tei et al ,1996).

Systolic (S’) wave velocity is a measure of myocardial contraction and may be
determined from the average of three TDI signals from different cardiac cycles .
Like TAPSE, S” wave velocity is load dependent and may be pseudonormal under
conditions of increased volume loading . Unlike most indices of function, S’ wave
velocity requires correction when heart rate is.100 bpm or falls to ,70 bpm.
Therefore, S° wave velocity should be indexed for heart rate, as described
previously for RVOT acceleration time.

Normal values and those in PH obtained by echocardiography.lsovolumic
relaxation time (IVRT) of the RV is defined as the time from pulmonary valve
closure to tricuspid valve opening and can be measured either by pulsed-wave
Doppler from tricuspid inflow or with tissue Doppler imaging of the RV free wall.
Prolongation of IVRT indicates poor myocardial relaxation, which is highly

suggestive of PH, although it does not provide prognostic value (fig. 2-15).
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Figure (2-17). Measurement of myocardial performance index (MPI) using tissue

Doppler imaging. S’: systolic wave; IVCT: isovolumic contraction time; IVRT:

isovolumic relaxation time.

IVRT should be indexed for heart rate as described previously for RVOT
acceleration time.
TAPSE is the reflection of the movement of base to apex shortening of the RV in

systole and can be derived from the four-chamber view (fig. 2-16).
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Figure (2-18. Measurement of tricuspid annular plane systolic excursion (TAPSE);

ET: ejections time.

When measuring TAPSE, it is important to ensure that the entire RV is included in
the view, in particular that there is no dropout in the endocardial outline along the
IVS and RV free wall. Maximal TAPSE is defined by the total excursion of the
tricuspid annulus from its highest position after atrial ascent to the peak descent
during ventricular systole .( Kaul et al ,1984). A TAPSE of ,15 mm is associated
with a significantly higher risk of mortality compared with a TAPSE
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2-5 Previous Studies

In reviewing of literature there are some published studies regarding Pulmonary
Artery Pressure and Resistance Using Echocardiographys by many researchers
.The following is a summary of the most relevant studies:

Lin, et al in (2009). Studied The correlation between right descending pulmonary
artery diameter and echocardiographyestimated systolic pulmonary artery pressure
In a total of 229 subjects enrolled, SPAP was estimated by transthoracic Doppler
echocardiography. PH was defined as SPAP greater than 30 mmHg. RDPAD was
measured on a chest X-ray (postero-anterior view) taken within one month of the
echocardiography.We applied two-sample Student’s t-test to test the difference of
RDPAD between groups with and without PH. Linear regression analysis was
performed to assess the relationship between SPAP and RDPAD. Receiver
operating characteristic (ROC) curve was done to seek a potential cut-off point of
RDPAD that discriminated between PH and non-PH.they found Two-sample
Student’s t-test revealed RDPAD were higher in the PH group than the non-PH
group (p = 0.024). Linear regression analysis showed SPAP = 209 +
0.53*RDPAD (p = 0.047), which implied a positive association between RDPAD
and SPAP. However, ROC curve analysis did not find any satisfactory cut-off
point of RDPAD for predicting PH. Even with RDPAD value of mean + 2SD of
the non-PH group, its sensitivity and specificity, positive predictive value, negative
predictive value, overall accuracy, positive likelihood ratio, and negative
likelihood value were 6.7%, 97.9%, 66.8%, 62.3%, 62.5%, 3.1, and 0.95,
respectively.

Bossone in  (2013). Echocardiography in pulmonary arterial hypertension: from
diagnosis to prognosis. Pulmonary arterial hypertension is most often diagnosed in

its advanced stages because of the nonspecific nature of early symptoms and signs.
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Although clinical assessment is essential when evaluating patients with suspected
pulmonary arterial hypertension, echocardiography is a key screening tool in the
diagnostic algorithm. It provides an estimate of pulmonary artery pressure, either at
rest or during exercise, and is useful in ruling out secondary causes of pulmonary
hypertension. In addition, echocardiography is valuable in assessing prognosis and
treatment options, monitoring the efficacy of specific therapeutic interventions,and
detecting the preclinical stages of disease.

Howard et al in (2012). Studied Echocardiographic assessment of pulmonary
hypertension: standard operating procedure. ABSTRACT: Patients with suspected
pulmonary hypertension (PH) should be evaluated using a multimodality approach
to ensure that they receive a correct diagnosis. The series of investigations required
includes clinical evaluation, noninvasive imaging techniques and right heart
catheterisation (considered to be the ‘‘gold standard’’ for the diagnosis of PH).
Current guidelines recommend that a detailed echocardiographic assessment is
performed in all patients with suspected PH. In this review we summarise a
protocol adopted by the National Pulmonary Hypertension Centres of UK and
Ireland and approved by the British Society of Echocardiography for the evaluation
of these patients. The views and measurements described are recommended for
diagnosis, assisting in prognosis and providing a noninvasive means of following
disease progression or response to therapy.

Sbano et al (2003) . reviewed The role of Doppler echocardiography in the
evaluation of pulmonary hypertension , they revealed that A precise evaluation of
pulmonary pressure is of fundamental importance in the diagnosis and
management of patients with pulmonary hypertension (PH). Doppler
echocardiography is a low cost, non-invasive method that is widely used for
anatomical and functional assessment of the right cardiac chambers and estimation

of pulmonary pressure and the hemodynamic data obtained correlates well with
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that obtained through cardiac catheterization. Although the most appropriate and
common technique for determining pulmonary pressure is measurement of the
gradient between right ventricle and right atrium through tricuspid regurgitation, it
can also be determined by analysis of pulmonary regurgitation or systolic
pulmonary flow. When transthoracic echocardiography does not provide adequate
viewing, transesophageal echocardiography is an excellent option, allowing for
high quality imaging of cardiac structures and detection of some PAH-related
disorders. In the literature, the role of echocardiography in the diagnosis of PAH,
as well as in therapeutic and prognostic evaluation has been well established. In
pulmonary thromboembolism patients, right ventricular dysfunction, an important
indicator for thrombolytic therapy, can be detected using echocardiography. In
addition, echocardiography is currently being widely used for monitoring
therapeutic response in patients with primary PH, in the assessment of chronic
obstructive pulmonary disease and in the follow up of lung transplant patients.

Augustine et al (2018). Studied Echocardiographic assessment of pulmonary
hypertension: a guideline protocol from the British Society of
Echocardiography,Pulmonary hypertension is defined as a mean arterial pressure
of >25 mmHg as confirmed on right heart catheterisation. Traditionally, the
pulmonary arterial systolic pressure has been estimated on echo by utilising the
simplified Bernoulli equation from the peak tricuspid regurgitant velocity and
adding this to an estimate of right atrial pressure. Previous studies have
demonstrated a correlation between this estimate of pulmonary arterial systolic
pressure and that obtained from invasive measurement across a cohort of patients.
However, for an individual patient significant overestimation and underestimation
can occur and the levels of agreement between the two is poor. Recent guidance
has suggested that echocardiographic assessment of pulmonary hypertension

should be limited to determining the probability of pulmonary hypertension being
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present rather than estimating the pulmonary artery pressure. In those patients in
whom the presence of pulmonary hypertension requires confirmation, this should
be done with right heart catheterisation when indicated. This guideline protocol
from the British Society of Echocardiography aims to outline a practical approach
to assessing the probability of pulmonary hypertension using echocardiography
and should be used in conjunction with the previously published minimum dataset
for a standard transthoracic echocardiogram.

Kanwar et al . (2021). Studied Elevated Pulmonary Pressure Noted on
Echocardiogram: A Simplified Approach to Next Steps. An elevated right
ventricular/pulmonary artery systolic pressure suggestive of pulmonary
hypertension (PH) is a common finding noted on echocardiography and is
considered a marker for poor clinical outcomes, regardless of the cause. Even mild
elevation of pulmonary pressure can be considered a modifiable risk factor,
informing the trajectory of patients’clinical outcome. Although guidelines have
been published detailing diagnostic and management algorithms, this
echocardiographic finding is often underappreciated or not acted upon. Hence,
patients with PH are often diagnosed in clinical practice when hemodynamic
abnormalities are already moderate or severe. This results in delayed initiation of
potentially effective therapies, referral to PH centers, and greater patient morbidity
and mortality. This mini-review presents a succinct, simplified case-based
approach to the “next steps” in the work-up of PH, once elevated pulmonary
pressures have been noted on an echocardiogram. Our goal is for clinicians to
develop a good overview of diagnostic approach to PH and recognition of high-
risk features that may require early referral.

Thienemann et al (2014). Studied Rationale and design of the Pan African
Pulmonary hypertension Cohort (PAPUCO) study: implementing a contemporary

registry on pulmonary hypertension in Africa. Pulmonary hypertension (PH) is a
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devastating, progressive disease with increasingly debilitating symptoms and
usually shortened overall life expectancy due to a narrowing of the pulmonary
vasculature and consecutive right heart failure. Little is known about PH in Africa,
but limited reports suggest that PH is more prevalent in Africa compared with
developed countries due to the high prevalence of risk factors in the region.

A multinational multicenter registry-type cohort study was established and tailored
to resource-constraint settings to describe disease presentation, disease severity and
aetiologies of PH,comorbidities, diagnostic and therapeutic management, and the
natural course of PH in Africa. PH will be diagnosed by specialist cardiologists
using echocardiography (right ventricular systolic pressure >35 mm Hg, absence of
pulmonary stenosis and acute right heart failure), usually accompanied by
shortness of breath, fatigue, peripheral oedema and other cardiovascular
symptoms, ECG and chest X-ray changes in keeping with PH as per guidelines
(European Society of Cardiology and European Respiratory Society (ESC/ERS)
guidelines). Additional investigations such as a CT scan, a ventilation/ perfusion
scan or right heart catheterisation will be performed at the discretion of the treating
physician. Functional tests include a 6 min walk test and the Karnofsky
Performance Score. The WHO classification system for PH will be applied to
describe the different aetiologies of PH. Several substudies have been implemented
within the registry to investigate specific types of PH and their outcome at up to 24
months. Data will be analysed by an independent institution following a data
analyse plan.

Farrag, et al (2012). Studied Prevalence and severity of pulmonary hypertension in
asymptomatic rural residents with schistosomal infection in the Nile Delta. Their
aim was to assess the prevalence of PHTN together with assessment of right

ventricular (RV) function in asymptomatic rural residents previously infected with
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schistosomiasis. Three hundred and seventy asymptomatic people from an endemic
area in the Nile Delta were screened for antibodies against schistosomiasis. All
were scheduled for transthoracic echocardiographic study to assess pulmonary
artery systolic (PASP) and diastolic (PADP) pressures as well as RV function.
PASP >40 mmHg was considered elevated. Seropositive (SP) and seronegative
(SN) groups had comparable age and body mass index. PASP >40 mmHg was met
in 18 subjects (Range 42—72 mmHg) (8.6%) of SP group and in no subject in SN
group (P = 0.000). Compared with SN group, the SP group had higher mean values
of PASP (30 £ 10 vs. 24 =+ 7 mmHg, P < 0.000) and PADP (12 + 4 vs. 9 £ 3
mmHg, P <0.000). The SP group had lower values of RV ejection fraction.

Bouhemad et al (2008). Studied Echocardiographic Doppler estimation of
pulmonary artery pressure in critically ill patients with severe hypoxemia. Their
study was aimed at determining whether the transesophageal approach could offer
an alternative. includedFifty-one consecutive sedated and ventilated patients with
severe hypoxemia (arterial oxygen tension/fraction of inspired oxygen < 300) were
prospectively studied. Mean PAP measured from the pulmonary artery catheter
was compared with several indices characterizing pulmonary artery blood flow
assessed using transesophageal echocardiography: preejection time, acceleration
time, ejection duration, preejection time on ejection duration ratio, and acceleration
time on ejection duration ratio. In a subgroup of 20 patients, systolic PAP
measured from the pulmonary artery catheter immediately before withdrawal was
compared with Doppler study of regurgitation tricuspid flow performed
immediately after pulmonary artery catheter withdrawal using either the
transthoracic or the transesophageal approach. They found that Weak and clinically
irrelevant correlations were found between mean PAP and indices of pulmonary

artery flow. A statistically significant and clinically relevant correlation was found
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between systolic PAP and regurgitation tricuspid flow. In 3 patients (14%),
pulmonary artery pressure could not be assessed echocardiographically.

Sheikhzadeh et al (2014). Studied The main pulmonary artery in adults: a
controlled multicenter study with assessment of echocardiographic reference
values, and the frequency of dilatation and aneurysm in Marfan
syndrome. Echocardiographic upper normal limits of both main pulmonary artery
(MPA) diameters (MPA-d) and ratio of MPA to aortic root diameter (MPA-r) are
not defined in healthy adults. Accordingly, frequency of MPA dilatation based on
echocardiography remains to be assessed in adults with Marfan syndrome (MFS).
They enrolled 123 normal adults (72 men, 52 women aged 42 + 14 years) and 98
patients with MFS (42 men, 56 women aged 39 + 14 years) in a retrospective
cross-sectional observational controlled study in four tertiary care centers. We
defined outcome measures including upper normal limits of MPA-d and MPA-r as
95 quantile of normal persons, MPA dilatation as diameters > upper normal limits,
MPA aneurysm as diameters >4 cm, and indication for surgery as MPA diameters
>6 cm. their Results revealed that MPA diameters revealed normal distribution
without correlation to age, sex, body weight, body height, body mass index and
body surface area. The upper normal limit was 2.6 cm (95% confidence interval
(Cl) =2.44-2.76 cm) for MPA-d, and 1.05 (95% CI = .86-1.24) for MPA-r. MPA
dilatation presented in 6 normal persons (4.9%) and in 68 MFS patients (69.4%; P
<.001), MPA aneurysm presented only in MFS (15 patients; 15.3%; P <.001), and
no patient required surgery. Mean MPA-r were increased in MFS (P < .001), but
ratios >1.05 were equally frequent in 7 normal persons (5%) and in 8 MFS patients
(10.5%; P = .161). MPA-r related to aortic root diameters (P = .042), reduced left
ventricular ejection fraction (P = .006), and increased pulmonary artery systolic
pressures (P = .040). No clinical manifestations of MFS and no FBN1 mutation

characteristics related to MPA diameters. Conclusions: We established 2.6 cm for
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MPA-d and 1.05 for MPA-r as upper normal limits. MFS exhibits a high
prevalence of MPA dilatation and aneurysm. However, patients may require MPA
surgery only in scarce circumstances, most likely because formation of marked

MPA aneurysm may require LV dysfunction and increased PASP.
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Chapter three
Material and Methods

A total of three hundred consecutive participants arriving at the echocardiography
department of the Military hospital in Omdurman were recruited in this study. The
sample consisted of 157 males and 143 females. Their ages ranged from 20 to
69(mean: 37.24, SD: 11.065) years. The study duration was form 2015 — 2021.PAP
measurements were taken for all patients. Maximum velocity of tricuspid
regurgitation (TR) obtained by continuous-wave Doppler with adding right atrial
(RA) pressure was used for measuring sPAP by TTE (sSPAP(TRVmax)).
3-1Materials :
Equipment used:Ultrasound machine MY LAB 50 SN 03486
(transducer):convex (5MHz) MyLab 50 offers high-performance standards
without compromise for General Imaging and cardiac ultrasound scanning. The
modular architecture and unique scalability of MyLab" 50 make it adaptable to a
variety of clinical applications both in general imaging and cardiovascular
configurations for adults and children, including cardiac, main and peripheral
vascular, abdominal, small parts, breast, ob/gyn, urology and musculoskeletal.

Fig. (3-1)

Figure (3-1): Ultrasound machine MY LAB 50 SN 03486 (transducer):
convex (5SMHz)



3-2 Subjects & selection method:

In a total of 300 subjects enrolled, SPAP was estimated by transthoracic Doppler
echocardiography.. The flow chart depicted in Fig. (3-2) is used to assess the
probability of PH. If the tricuspid regurgitation velocity (TRV) is >3.4 m/s then the
echocardiographic probability of PH is high. If the TRV is <3.4 m/s, then other
echocardiographic parameters suggesting PH must be used to assign the
probability of PH. These parameters are split into three categories (A: the
ventricles; B: the pulmonary artery; C: the inferior vena cava (IVC) and right
atrium (RT)). Parameters from at least two different categories are needed to
determine the probability of PH.

Echocardiography also provides information about the etiology and
prognosis in patients with PH. Patients with established PH or high probability for
PH should have a full assessment to exclude left-sided heart disease or intracardiac
shunts as the cause of PH. Right ventricular dilatation and dysfunction are

considered poor prognostic markers in patients with PH.
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Figure (3-2): Flow chart to assess the probability of pulmonary hypertension using

parameters identified from within >2 categories (the ventricles, pulmonary artery,
or the inferior vena cava and right atrium) in conjunction with tricuspid
regurgitation velocity. Adapted from ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension (Galie et al,2016).

Inclusion criteria:

1. Male and female with age between 20-69 years old

2. A population and their weight between 20-100 Kg.

Exclusion criteria:

1. Pregnant women,;

2. Patients with abnormal heart disorders

3. Patients less than 20 years old.

4. Patients with a previous history of angina, severe vascular disease, or another

life-threatening disease.
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Procedure methodology:

As part of a full echocardiographic assessment, Doppler examination should
be performed in the following sequence: 1) color Doppler in all apical projections;
2) color Doppler in parasternal projections (long axis/short axis); 3) pulsed-wave
Doppler for transmitral velocities; 4) pulsed-wave Doppler for left ventricles (LV)
outflow tract; 5) pulsed-wave Doppler for the tricuspid inflow; 6) pulsed-wave
Doppler for the RVOT; 7) continuous-wave Doppler across the LV outflow aortic
valve; 8) continuous-wave (CW) Doppler across the tricuspid valve (for tricuspid
regurgitation); 9) continuous-wave Doppler (WC)across the pulmonary valve (for
pulmonary regurgitation); and 10) tissue Doppler imaging (TDI) of the RV free
wall.

A pulmonary regurgitation (PR) signal is obtained in the parasternal short-
axis view using color Doppler. CW Doppler at a sweep speed of 100 mm/s is used
to measure the peak PR velocity. Peak pressure difference (measured by the
Bernoulli equation) is then added to the RAP. This method has been validated
against gold standard catheter measurements. Mean PAP can be approximated
from the peak PR Doppler signal using the following formula: mPAP = 4(PRpeak
velocity)” + RAP(Abbas et al,2003).

Mean pulmonary pressure is calculated by the formula: mPAP = 90 —
(0.62*ATgrvot). For example, if the ATryor IS 80 ms, the mPAP = 90 —(0.62*80),
that is 40.4 mmHg (normal < 25 mmHg). On the other hand, if the ATryor IS 137
ms, then the calculated mPAP is 90 — (0.62*137) = 5.06 mmHg. Figures (3-3,4,5):
represent sonographic appearance for pulmonary artery by Echocardiogram.
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G 64% CFM F 2.5 MHz G 40% CW F 2.5 MHz G 76%
cm XV 1 PRF 4.2kHz PRF -
PRS 2 PRC 2-L-H PRS 3 PRC 6-1
WF M PST 2
WF 600 Hz

RVPs 30.5 mmHg

Figure (3-3): 70 yrs. M with mild tricuspid regurgitant jet TV max (2.52 m/s)
PAP 5 mmHg the PASP  30.5 mmHg (Bernoulli equation) 4 (TV max)?+ PAP,

ST 2
WF 600 Hz

RVPs 56.4 mmHg

Figure (3-4): 42 yrs. M with moderate Tricuspid regurgitant jet TV max (3.
23 m/s) PAP elvated by 10 mmHg with PASP 51.7 mmHg (Bernoulli equation) 4
(TV max)2 + PAP.
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2.5 MHzZ G 40% CW F 2.5 MHz G 76%
F 3.7kH PRF -
PRC 6-1
PST 2
WF 600 Hz

Figure (3-5): 38 yrs. F with sever Tricuspid regurgitant jet TV max (3. 67 m/s)
PAP elvated by 10 mmHg with PASP 64 mmHg (Bernoulli equation) 4 (TV
max)2 + PAP.

3-3 Data analysis.

The SPSS 21 statistical software was used for data analysis. Statistical significance
of variables was estimated using chi —square for categorical variables and student t
— test for continuous variables. Pearson correlation coefficient analysis was used to
determine relationship between echocardiographic findings and weight and age.
Results with a p value <0.05 were regarded as being statistically significant.

3.4. Ethical considerations:

No part of this study relies on data which normaly was collected from routine
scaning. All patients were informed, that the result of examination was form part
of research project. No patient identification or individual patient detail was
bublished, and all specific information relating to patient’s identities was protected

in the same way.

51



Results

Chapter Four

A total of three hundred consecutive patients arriving at the echocardiography

department of the Military hospital in Omdurman were recruited in this study. The

sample consisted of 157 males and 143 females. Their ages ranged from 20 to 69(mean:

37.24, SD: 11.065) years. The two groups were comparable in age and sex distribution.

The baseline characteristics of all subjects are as shown in the table below.

Table (4-1): Baseline characteristics of the subjects

Descriptive Statistics

N | Minimum | Maximum | Mean Std. Deviation
Age(Yrs) 300 20.0 69.0 37.243 11.0646
Weight(Kg) 300 40 90 61.35 10.031
RV dimensions(Cm) 300 2.0 2.8 2.296 1134
TVMAXms 300 2 4 2.80 .368
PASPmmHg 300 26.0 80.0 37.440 10.8199
Valid N (listwise) 300
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Table (4-2): Frequency distribution of participants Gender:

Gender Frequency Percent
Male 157 52.3

Female 143 47.7
Total 300 100.0

Female

Figure (4-1): Frequency distribution of participants Gender
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Table (4-3): Frequency distribution of Age group

Age(Yrs) Frequency
20-30 11
30-40 101
40-50 107
50-60 55

>60 26
Total 300

Age of patients

Figure (4-2): Frequency distribution of Age group
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Table (4-4): The distribution frequency of weight of the patients

Weight(Kgs) Frequency
20-40 111
40-60 127
60-80 57

80-100 5
Total 300

Weight of the patients

M Frequency

Figure (4-3): The distribution frequency of weight of the patients
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Table (4-5): The correlation between the Patient Age(Yrs),
Weight(Kg),RV dimensions(Cm), TVMAXms and PASPmmHg

Age( | Weight( RV TVMAX( | PASP(mmHg
Yrs) Kg) dimension ms) )
s(Cm)
Age(Yrs) Pearson Correlation 1 664" 536" 719" 694"
Sig. (2-tailed) 000 000 000 000
N 300 300 300 300 300
Weight(Kg) Pearson Correlation | .664" 1 405" 5227 484~
Sig. (2-tailed) 1000 000 000 000
N 300 300 300 300 300
RV Pearson Correlation | 536" | .405 1 677 675
Dimensions(Cm) Sig. (2-tailed) .000 .000 .000 .000
N 300 300 300 300 300
TVMAXms Pearson Correlation | .719" | 5227 | 677 1 992”
Sig. (2-tailed) 000 | .000 000 000
N 300 300 300 300 300
PASPmmHg Pearson Correlation | .694 | .484" 675 9927 1
Sig. (2-tailed) 000 | .000 000 000
N 300 300 300 300 300

**_Correlation is significant at the 0.01 level (2-tailed).

56




Frequency Valid
Percent

57



RV dimensions(Cm)

1257

1007

Frequency
&
1

S0
25
0 T T T T T T T = T
21 21 22 23 2.4 25 26 27 28
RV dimensions(Cm)
Figure (4-4): Frequency distribution of RV Dimensions
TVMAXms
80
601 -
- _
2
S
o a0
o
20
2 2 2 3 3 3 3 3243 3 3 3 3 3 4 4 4 4 4 4 42554
TVMAXms

Figure (4-5): Frequency distribution of TV max
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Figure (4-6): Frequency distribution of PASP
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Table (4-7): Frequency distribution of TR-max

TR-max Frequency Percent
Mild TR 250 83.3
Moderate TR 29 9.7
Severe TR 21 7.0
Total 300 100.0

Mild TR

Moderate TR
TR- Max

Severe TR

Figure (4-7): Frequency distribution of TR-max
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Figure (4-9): Linear regression analysis showed the correlation between Age
(years) and PASP
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Figure (4-12): Linear regression analysis the correlation between weight and
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Figure 4.13: The PASP of all subjects
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Table (4-8): Shows the correlation between the Patient Age and RV dimension

Age * RV RV dimension Total
dimension 2.0cm | 2.1cm|2.2cm|2.3cm|2.4cm| 25cm | 2.6cm
age 20-30 1 10 0 0 0 0 0 11
30-40 33 46 14 3 3 1 1 101
40-50 55 27 15 6 3 1 0 107
50-60 30 13 7 5 0 0 0 55
>60 11 5 6 3 0 1 0 26
P value 0.007
Table (4-9): The correlation between the Patient Age * TV max
Age* TV TVmax Total
max
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0
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>60 (232|551 |1]lolofa]o|2|1|ofo[1]2|o[2|0[0f[0]0f0| 26
P value 0.000
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Table (4-10): The correlation between the Patient Gender * Echo finding
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Table (4-12): The correlation between the Patient Gender * PASP
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Table (4-13): The correlation between the Patient Weight * Echo finding
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Table (4-14): The correlation between the Patient Weight * TR max

Weight * TR max TR max Total
Mild TR | Moderate TR | Severe TR

weight | 20-40 97 10 4 111
40-60 112 9 6 127

60-80 41 7 9 57

80-100 0 3 2 5
Total 250 29 21 300

P value 0.000

Table (4-15): The correlation between the Patient Weight * TR max

Age * TR max TR max Total
Mild TR | Moderate TR | Severe TR

Age | 20-30 11 0 0 11
30-40 84 10 7 101

40-50 90 11 6 107

50-60 47 6 2 55

>60 18 2 6 26

Total 250 29 21 300

P value 0.085
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Table (4-16): The correlation between the Patient Gender * TR max

Gender * TR max TR max Total
Mild TR | Moderate TR | Severe TR
gender M 136 14 7 157
F 114 15 14 143
Total 250 29 21 300
P value 0.161

Table (4-17): The correlation between the Patient Gender * TR max
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Table (4-18): The correlation between the Patient Gender * TR max
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Table (4-19): The correlation between the Patient Gender * TR max
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Chapter Five
This part intended to provide details of discussion, conclusion, recommendation
and future work.
5.1 Discussion:
Pulmonary hypertension (PH) is a devastating, progressive disease with
increasingly debilitating symptoms and usually shortened overall life expectancy
due to a narrowing of the pulmonary vasculature and consecutive right heart
failure (RHF) (Simonneau et al 2013).. The epidemiology of PH in Africa and the
distribution of its multitude of aetiologies have not yet been described, but limited
reports suggest that the incidence of PH in Africa is higher than that reported from
developed countries, owing to the pattern of diseases prevalent in the
region(Thienemann et al,2013), (Sliwa et al 2012).. In this research, we aim to
Study of Pulmonary Artery Pressure and Resistance in Sudanese Using
Echocardiography.
This is descriptive analyses of a prospectively collected data. A total of 300
consecutive participants arriving at the echocardiography department of the
Military hospital in Omdurman- Khartoum-Sudan The sample consisted of
157males and 143 females. Their ages ranged from 20 to 69 (mean: 37.2, SD:
11.0646) years.
Baseline clinical and demographic characteristics were obtained from the subjects.
These included: Date of birth, age, gender and indication for echocardiography,
and weight.
Two-dimensional guided M-mode echocardiography with the use of commercially
available echo-machine Easote my lab 50 ultrasound machine ,Italy, Manufacture
2005 Modules; Doppler. CFM. Phased array. linear and HF. Convex probe
echocardiography ,Frequency 5 MHZ was performed on each subject in the partial

decubitus position. Echocardiographic examination was performed in the
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parasternal long axis, short axis, two chambers, apical four chambers, five
chambers and occasionally in the subcostal and suprasternal views.

Measurements and echocardiographic diagnoses were based on standard criteria.
Data management and analysis were performed with SPSS software version 21.
(SPSS, Inc. Chicago Illinois).

Continuous variables were expressed as mean z* standard deviation while
categorical variables are expressed as proportions.

A precise evaluation of pulmonary pressure is of fundamental importance in the
diagnosis and management of patients with pulmonary hypertension (PH). Doppler
echocardiography is a low-cost, non-invasive method that is widely used for
anatomical and functional assessment of the right cardiac chambers and estimation
of pulmonary pressure, and the hemodynamic data obtained correlates well with
that obtained through cardiac catheterization. Although the most appropriate and
common technique for determining pulmonary pressure is the measurement of the
gradient between the right ventricle and right atrium through tricuspid
regurgitation, it can also be determined by analysis of pulmonary regurgitation or
systolic pulmonary flow(Chatterjee et al 2002)..

The most frequency of ages distribute as ( 40-50 years old ( 36%), 30-40 years
(33%), 50-60 years (18%), more than 60 years (9%)and few percentages in aged
group 20-30 years(Table (4-4) and Fig (4-2)) , there is good correlation of age
with Systolic pulmonary artery pressure (SPAP) p-value 0.00(Fig (4-9), this agree
with finding of Lam et al ,2009. Recently, Argiento et al.,50 in a series of 113
healthy volunteers (mean age, 37 613 years; range, 19-63 years; 57 women [50%])
reported exercise flow-corrected upper limits of normal for MPAP of 34 mm Hg at
a cardiac output (CO) of <10 L/min, 45 mm Hg at a CO of <20 L/min, and 52 mm
Hg at a CO of <30 L/min(Argiento et al ,2012).
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Participant's weight were as (40-60 Kg, in127 participants, 20-40Kg in 111
participants, 60-80 Kgs in 57 participants, and the less one their weight range
between 80-100 Kg. Fig (4-3).

In current study, Right ventricles (RV) dimensions as( 2.3 cm in 133 ( 44.3%),
2.2cm RV in 79 (26.3%), and 2.1 cm in 19(6.3%) and 2.8 Cm in one participant
0.3%, Fig (4-4), there is good relationship between RV and age fig (4-10).

In figure (4-6) the result of this study showed that, the PASP measurements were
33 mmHg in 73 of participants, 31mmHg in 58 of the total, 37mmHg in 37.

These results are significant and deal with Sheikhzadeh et al (Sheikhzadeh et
al,2014)..

There was a significant correlation between TV max and RV dimension P-value
0.000. Table (4-18)

The most accurate and reliable noninvasive method of echocardiographic PAP
assessment is based on tricuspid regurgitation. It reflects the difference between
RV and RA pressure and can be calculated by the Bernoulli equation(Shano et al
2004).. When estimated RA pressure is added to that gradient, systolic RV pressure
Is obtained. Results from this method, which is simple and easily applied, have
correlated well with those from invasive PAP measures in hemodynamics
laboratory tests, with a correlation coefficient (r) between 0.89 and 0.94. Although
this method is only valid in cases of tricuspid valve insufficiency, this is rarely
regarded as a limitation, since approximately 90% of patients with PH present with
this condition. The accurate estimation of RA pressure makes for a more precise
calculation of systolic pressure in the pulmonary artery, and several noninvasive
approaches have been proposed for that assessment. The RA pressure can be
determined by the respiratory variation in inferior vena cava diameter observed
through the subcostal window). It is important to point out that, due to alterations

In intrathoracic pressures, the estimation of the diameter and inspiratory collapse of

75



the inferior vena cava is not useful in patients under ventilation with positive
pressure(Jatene et al ,2000)..

Other approaches to assessing RA pressure include clinical examination of the
distention of the jugular (secondary to retrograde circulatory arrest) and the
determination of values of 10 mmHg or 14 mmHg for the estimation of the RA
pressure. Systolic RV pressure estimated using the techniques for calculating RA
pressure also correlates well with values obtained in the hemodynamics
laboratory(Rich, 2001).

In this study, we demonstrate descriptive statistics for The mean + Std.Deviation of
age, weight, RV, TVMAX and PASP were 37.2 £11.06 , 61.3 + 10.03,2.29 + 0.11,
2.8+ 0.36, and 37.4 £ 10.8 respectively. Table (4-1)

These results are significant and deal with Sheikhzadeh et al (Sheikhzadeh et al,
2014).

83% of the patients with mild TR max, 10% moderate and 7% were severe TR
max measurements. Severe TR max with PASP with 61mmHg and 74 mmHg in 4
patients(Table (4-10),this agree with finding of Argiento et al (Argiento et al
,2012).

The PASP measurement range from 50 mmHg -74 mmHg common with 40-80 Kg
weight with p-value 0.002 considered the significant correlation between them and
most common weight-related to moderate TR with PASP werel3 of patients their
weighted 60-80Kg and severe TR with PASP were 2 of patients and their weighted
were 80-100Kg are 4 moderates TR with PASP and one patient were severe TR
with PASP with significant relation between weight and echo finding. Table (4-13)
Few patients RV dimension measure 2.4cm to 2.6 cm with high TR max range
between 3.68 m/s -4.19m/s respectively which considered high suggested PH.
Table(4-18)
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In figures (4.13, 4.14, 4.15) shows PASP mean and std. deviation and frequency
ofall subjects, Mild TR, Moderate and Severe TR  respectively were
(37.44+£10.82), (33.08+2.95), (59.26+9.36) mmHg PASP.Weak and clinically
irrelevant correlations were found between mean PAP and indices of pulmonary
artery flow. A statistically significant and clinically relevant correlation was found
between systolic PAP and regurgitation tricuspid flow. In 3 patients (14%),
pulmonary artery pressure could not be assessed echocardiographically.
The current study results was deal with Bouhemad et al (Bouhemad et al ,2008).
Figure (4-8) shows Linear regression analysis showed the correlation between Age
(years) and TV max the correlation could be fitted in the following equation: y =
0.0239x + 1.9043, R2=0.5173.

Figure (4-9) shows Linear regression analysis showed the correlation between Age
(years) and PASP the correlation could be fitted in the following equation: y =
0.0055x + 2.0909, Rz = 0.2877.

Figure (4-10) shows Linear regression analysis showed the correlation between
Age (years) and TV max the correlation could be fitted in the following equation: y
= 0.0239x + 1.9043 R2=0.5173.

Figure (4-11) shows Linear regression analysis showed the correlation between
weight and RV Dimensions the correlation could be fitted in the following
equation: y = 0.0046x + 2.015, R2 = 0.1638.

Figure (4-12) shows Linear regression analysis showed the correlation between
weight and PASP the correlation could be fitted in the following equation: y =
0.5225x + 5.383,R2 = 0.2347.

PH is presently defined as an increase in mean pulmonary arterial pressure to >25
mmHg at rest as assessed by right heart catheterisation (Galie et al2015).. The
clinical significance of a mean pulmonary arterial pressure between 21 mmHg and

24 mmHg is unclear. It can complicate many cardiovascular, respiratory and
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connective tissue diseases. Untreated, morbidity and mortality levels are high
(Hoeper et al 2017),0udiz,2013).
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5.2 Conclusion:
From the results shown above, it can be concluded that:

Detailed echocardiographic assessment of patients with PH allows useful
diagnostic information to be collected. It can also be used to assess the severity
of right ventricular dysfunction, providing prognostic information and a non-
invasive means of following disease progression or response to therapy.
Echocardiography can be used to accurately quantify PAPs, showing their
Impact on the right heart chambers and systemic veins. It is also useful as an
analytical tool in the evaluation of therapeutic responses and prognoses.
Regarding the right ventricle (RV) dimension, 133 participants (44.3%)
revealed that their (RV) dimension of 2.3 cm, the maximum and minimum RV
dimensions reported were 2.1cm and 2.8cm seen in one participant (0.3%) and
one participant (0.3%) respectively. Considering the pulmonary artery systolic
pressure (PASP), 33 mmHg was the most frequent value noted in 73
participants, the low and the high value represented 26mmHg and 80 mmHg
seen in 5 participants and 30 participants respectively.
The standard value of the pulmonary artery pressure in Sudanese population is
markedly greater than the universal reported in the public literature, larger
populations may be needed to corroborate our normative thresholds.
This study attempts to simulate the basic clinical or experimental
echocardiography M-mode protocol in Sudanese population. echocardiography
itself could be used for heart disease screening in clinical patients Precise
echocardiographic measurements in a study employing experimental rats could
result in a precise description of models with zero-pain and good clinical
relevance. We have established reliable regression equations for the calculation

of basic echocardiographic parameters Despite its technical limitations.
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Conventional echocardiography, alongside newer, richer techniques, provides
invaluable information about the extent of heart damage related to PHT and
cardiovascular risk, thus helping us to achieve better management and apply
better treatment.

This study is small study consisting of randomized populations of people in
Khartoum state and the study population cannot be the representation of whole

Sudanese population. Relatively the sample size was also small.
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5.3 Recommendation:

Based on the outcome of this study, the following recommendations are proposed:
Large population-based prospective studies in Sudan to determine the
prevalence and patterns of cardiovascular complications in the general
population.

Since echocardiography is not currently endorsed as a routine investigation for
Sudanese patients, despite its being a non-invasive and non-expensive method
of revealing cardiac functional and morphological changes, we recommend its
use in follow up and monitoring of patients in the Sudan.

Echocardiographic machines must be made available in emergency
hospitals/departments together with well trained staff.

As technological advances allow more detailed examination of these
structures, our knowledge of normal anatomy and pathologic conditions will
allow for more accurate and detailed examinations.

Further study needed to show the relation of Echo and other imaging modalities
and cardiac function.

One imaging modality is unable to reliably distinguish various cardiac diseases.
Ultrasound investigation should be used as routine for any patient complaining
of heart disorders.

All the Echocardiographic reference parameters that we use to compare during
Echocardiographic studies are derived from those defined in the western world.
We till now do not have a proper reference range based on studies conducted in
Sudan or Africa itself. It is a well-known fact that the population in Sudan has a
very much different genetic and physical make up as compared to the
population in the west. The difference in the body size in itself brings into
question the reference range that we quote as normal values derived from

studies conducted in the west. We have thus made an effort to study a
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hypertensive population in Sudan, for recording changes of echocardiographic
parameters.

Our study suggests that adequate control of should remain a clinical priority.
Also centers should pursue competence in full utilization of echocardiography,
including stress echocardiography as well as to purchase machines that have
full options. Subsequent studies should also indicate percentage of patients who

are in heart failure.
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Limitations
This study was hospital-based; hence it may not necessarily reflect the pattern
of echocardiographic features as well.
The echocardiography machine used to conduct this study did not have the
tissue Doppler imaging function which would have been more helpful in
further categorizing diastolic function in the subjects.
Right heart catheterization is the gold standard for diagnosing pulmonary
hypertension, hence, the reliance on echocardiography evaluation may not be
too accurate.
Some of our limitations include the non-availability of transesophageal
echocardiography,and as such posterior cardiac structures cannot be more
precisely studied. The lack of contrast echocardiography studies also implies
we could not reliably exclude such conditions as the presence of intracardiac
shunts.
We also do not perform stress echocardiography which helps to exclude
ischaemic heart disease.
Moreover, patients often have to pay out of their pocket for diagnostic tests,
and therefore accessibility to tests is limited due to the financial means of the

patient.
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APPENDICES
Appendix (1)

Data Collecting Form
1-No C] 2-Age C] 3-Hender C] 4—Weight©

5-PMH

NONE D
Heart diseases C]

Lung diseases C]

6-RV dimensions

7-Doppler Flow
TR
TV max

PASP

U T

PASP=4(V)*+RAP
RAP =5 -10 mm Hg

PASP= 25mm Hg (normal)



Appendix (2)

Cases

2.5 MHz G 76%
PRF -
PRS 3 ERC 6-1

ST 2
WF 600 Hz

G 64% CFM F 2.5 MHz G 40% CW F
XV 1 PRF 4.2kHz
PRS 2

Case (1) 70 yrs. M with

mild tricuspid regurgitant

o jet TV max (2.52 m/s) PAP

§ 5 mmHg the PASP 30.5

i mmHg (Bernoulli equation)
4 (TV max)®+ PAP,



G 52% CFM F
1 PR

G 2.5 MHZ G 40% CW F 2.5 MHz G 76%
TEID 17 cm XV 4.2kH P

F z RF -

PRC 7-3-H PRS 2 PRC 2-L-H PRS 3 PRC 6-1
W M PST 2
WF 600 Hz

FACTORY PA240

., i Case (2) 66 yrs. F with
[l mild tricuspid regurgitant

&l jet TV max (2. 66 m/s)
PAP 5 mmHg the PASP
33.2 mmHg (Bernoulli
] equation) 4 (TV max)2 +
PAP,

RVYPs 33 :2 mmHg




G 55% CFM F 2.5 MHz G 40%
XY 1 PRF 4.2kHz
PRS 2 \F:"EC 2=-L=-H PRS 3

§ Case (3) 42 yrs. F with mild
[l tricuspid regurgitant jet TV

l max (2. 79 m/s) PAP 5
mmHg the PASP 36.1
mmHg (Bernoulli equation)
| 4 (TV max)2 + PAP,




RVYPs 35.1 mmHg

55% CFM F 2.5 MHzZ G 40% Cw F .
1 PRF 4.2kHz PRF -
PRC 2-L-H PRS 3 PRC 6-1
WF PST 2
WF 600 Hz

 Case (4) 74 yrs. M with
B mild tricuspid regurgitant
jet TV max (2. 74 ml/s)
PAP 5 mmHg the PASP
§ 35.1 mmHg (Bernoulli
equation) 4 (TV max)2 +
| PAP.



B F G G 64% CFM F 2.5 MHzZ G 40% CW F
TEI D 14 cm XV 1 4 .2kH P
PRC: 7-=3-H PRS PRC 6-1
PST 2 WF M PST 2
WF 600 Hz

FACTORY PA240 I

m/s

Case (5) 54 yrs. F with
mild tricuspid regurgitant
jet TV max (2. 70 m/s)
PAP 5 mmHg the PASP
341 mmHg (Bernoulli
equation) 4 (TV max)2 +
PAP.




58% CFM F 2.5 MHzZ G 40% CW F 2.5 MHz G 76%
PRF 4.2kHz PRF -
PRC 2-L-H PRS 3 PRC 6-1
WF M PST 2
WF 600 Hz

i Case (6) 41 yrs. M with
mild tricuspid regurgitant
L jet TV max (2. AT mis)
PAP 5 mmHg the PASP
wieed 3V.1  mmHg (Bernoulli
equation) 4 (TV max)2 +
| PAP,




B F G G 43% CFM F 2.5 MHz G 40% CwW F
TEI D 18 cm XV RF 4.2kHz PRF
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3 PRC 6-1
PST 2 WF M PST 2
WF 600 Hz

FACTORY PA240 I

s, { | Case (7) 42 yrs. M with

4 ks "%lf i moderate Tricuspid

\Qt 8 regurgitant jet TV max (3.

| 23 m/s) PAP elvated by 10

IR mmHg with PASP 51.7

| mmHg (Bernoulli equation)
| 4 (TV max)”+ PAP,




Case (8) 65 yrs. M with
moderate Tricuspid
regurgitant jet TV max (3.
41 m/s) PAP elvated by 10
mmHg with PASP 56.4
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.



94% CFM F 2.5 MHz G 40% CW
PRF 3.7kHz
PRC 2-L-H PRS 3
WF

| Case (9) 38 yrs. F with
B sever Tricuspid regurgitant
1 jet TV max (3. 67 m/s)
PAP elvated by 10 mmHg
with PASP 64 mmHg
=21 (Bernoulli equation) 4 (TV
bl max)? + PAP.




e i Case (10) 65 yrs. M with
WPs 6217 mmig A P % sever Tricuspid regurgitant

L& £ | jet TV max (3. 63 mis)
PAP elvated by 10 mmHg
with  PASP 62 mmHg
(Bernoulli equation) 4 (TV
max)” + PAP.




B F G G 70% CFM F 2.5 MHZ G 40% CW F 2.5 MHz G 76%
TEI D 13 cm XV 1 PRF 4.2kHz PRF -
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3 PRC 6-1
PST 2 WF M PST 2
WF 600 Hz

FACTORY PA240 I

Case (11) 51 yrs. M with
mild Tricuspid regurgitant
jet TV max (2. 43 ml/s)
PAP elevated by 5 mmHg
with PASP 28.7 mmHg
(Bernoulli equation) 4 (TV
max)” + PAP.

RVPs 28.7 mmHg




B F G 52% CFM F 2.5 MHZ G 40% CW F

G .
TEI D 17 cm XY 1 PRF 4.2kHz PRF -
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3 PRC 6-1
PST 2 Wi M PST 2
WF 600 Hz

FACTORY PA240

Case (12) 66 yrs. f with
mild Tricuspid regurgitant
jet TV max (2. 66 m/s)
PAP elevated by 5 mmHg
with PASP 33.2 mmHg
(Bernoulli equation) 4 (TV
max)2 + PAP.




2.5 MHz G 40% CW
PRF 4.2kHz
PRC 2-L-H PRS 3
WF M

Case (13) 65 yrs. m with
mild Tricuspid regurgitant
jet TV max (2. 74 ml/s)
PAP elevated by 5 mmHg
with  PASP 35.1 mmHg
(Bernoulli equation) 4 (TV
max)*+ PAP.




G 76%

PRC 2-L-H  PRS 3
WF M

e, Biom | Case (14) 53 yrs. f with

mild Tricuspid regurgitant
jet TV max (2. 43 ml/s)
PAP elevated by 5 mmHg
with PASP 28.7 mmHg
(Bernoulli equation) 4 (TV
max)*+ PAP




CFM F 2.5 MHz G 40% CW
PRF 4.2kHz
PRC 2-L-H PRS 3
WF M

Case (15) 61 yrs. f with
mild Tricuspid regurgitant
jet TV max (2. 92 m/s)
PAP elevated by 5 mmHg
with PASP 39.1. mmHg
| (Bernoulli equation) 4 (TV
. oA . nad o AT i max)? + PAP.




B F 2.5 MHz G 40% CW
TEI D 13 cm 1 PRF 4.2kHz
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3
PST 2 WF M PST 2
WF 600 Hz

FACTORY PA240 I

Case (16) 76 yrs. f with
mild Tricuspid regurgitant
jet TV max (2. 57 ml/s)
PAP elevated by 5 mmHg
with PASP 31.4. mmHg
(Bernoulli equation) 4 (TV
max)2 + PAP.




B F G G ¥ CFM F 2.5 MHZ G 40% CW
TEI D 13 cm XV 1 PRF 4.2kHz
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3
PST 2 WF M

FACTORY PA240 I

Case (17) 52 yrs. T with
mild Tricuspid regurgitant
jet TV max (2. 57 ml/s)
PAP elevated by 5 mmHg
with PASP 31.4. mmHg
(Bernoulli equation) 4 (TV
max)* + PAP.




F 2.5 MHz G 40% Cw F
PRF 4.2kHz PR
PRC 2-L-H

WF

Case (18) 70 yrs. f with
mild Tricuspid regurgitant
jet TV max (2. 79 m/s)
PAP elevated by 5 mmHg
with PASP 36.1. mmHg
(Bernoulli equation) 4 (TV
max)* + PAP.




G 76% CFM F 2.5 MHzZ G 40% CW
PRF 3.7kHz
2 PRC 2-L-H PRS 3

WF M

Case (19) 62 yrs. f with
mild Tricuspid regurgitant
jet TV max (2. 74 ml/s)
PAP elevated by 5 mmHg
with PASP 35.1. mmHg
(Bernoulli equation) 4 (TV
max)* + PAP.




CFM F 2.5 MHz G 40% CW F 2.5 MHz G 76%
PRF 4.2kHz PRF -
PRC 2-L-H PRS 3 PRC 6-1
WF M PST 2
WF 600 Hz

| Case (20) 60 yrs. M with
|

mild Tricuspid regurgitant

5.0

e = - | | jet TV max (2.57 m/s) PAP
| elevated by 5 mmHg with
PASP 31.4. mmHg
(Bernoulli equation) 4 (TV
max)” + PAP.




B F G 43% CFM F 2.5 MHz G 40% CwW F 2.5 MHz G 76%
TEI D 14 cm 1 PRF 4.2kHz
PRC 7-3-H PRC 2-L-H PRS 3
PST 2 WF M

FACTORY PA240 I

Case (21) 30 yrs. f with
mild Tricuspid regurgitant
jet TV max (2.57 m/s) PAP
elevated by 5 mmHg with
PASP 31.4. mmHg
(Bernoulli equation) 4 (TV
max)* + PAP.




88% CFM F 2.5 MHz G 40% CW F 2.5 MHz G 76%
PRF 4.2kHz PRF -
PRC 2-L-H PRS 3 PRC 6-1
WF M PST 2
WF 600 Hz

Case (22) 18 yrs. T with

~ s mild Tricuspid regurgitant
WP 287w e ~ jet TV max (2.43 m/s) PAP
> 5 - elevated by 5 mmHg with
PASP 28.7. mmHg
(Bernoulli equation) 4 (TV
max)” + PAP.




29.1 mmHg
RVPS 34.1 mmHg

Case (23) 37 yrs. f with
mild Tricuspid regurgitant
jet TV max (2.70 m/s) PAP
elevated by 5 mmHg with
PASP 34.1. mmHg
(Bernoulli equation) 4 (TV
max)* + PAP.



CFM F 2.5 MHz G 40% CW
PRF 4.2kHz
PRC 2-L-H PRS 3
WF M

Case (24) 19 yrs. M with
mild Tricuspid regurgitant
jet TV max (2.48 m/s) PAP
elevated by 5 mmHg with
PASP 29.6 mmHg
(Bernoulli equation) 4 (TV
max)* + PAP.




B F G G 64% CFM F 2.5 MHz G 40% CW F 2.5 MHz G 76%
TEI D 21 cm XV 1 PRF 4.2kHz
PRC 8-3-H PRS 2 PRC 2-L-H PRS 3
PST 2 WF M

FACTORY PA240 I

Case (25) 70 yrs. M with
mild Tricuspid regurgitant
jet TV max (2.52 m/s) PAP
elevated by 5 mmHg with
PASP 30.5 mmHg
(Bernoulli equation) 4 (TV
max)*+ PAP.




B F G G 64% CFM F 2.5 MHz G 40% CW
TEI D 14 cm XV 1 PRF 4.2kHz
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3
PST 2 W M

FACTORY PA240 I

Case (26) 54 yrs. F with
mild Tricuspid regurgitant
jet TV max (2.70 m/s) PAP
elevated by 5 mmHg with
PASP 34.1 mmHg
(Bernoulli equation) 4 (TV
max)*+ PAP.

m/s




B F G G 55% CFM F 2.5 MHZ G 40% CW F 2.5 MHz 76%
TEI D 15 cm XV 1 PRF 4.2kHz PRF -
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3 PRC 6-1
PST 2 WF PST 2
WF 600 Hz

ACTORY PA240

Case (27) 42 yrs. F  with
mild Tricuspid regurgitant
jet TV max (2.79 m/s)
PAP elevated by 5 mmHg
with PASP 36.1 mmHg
(Bernoulli  equation) 4
(TV max)* + PAP.

RVPs 36.1 mmHg
o o4




BF G G 52% CFM F 2.5 MHz G 40% CW 2.5 MH 76%
TEID 17 cm X¥ 1 PR .2kH
g 27-3-H PRS 2

FACTORY PA240

Case (28) 64 yrs. m with
mild Tricuspid regurgitant
jet TV max (2.43 m/s) PAP
elevated by 5 mmHg with
PASP 28.7 mmHg
(Bernoulli equation) 4 (TV
max)” + PAP.




2.5 MHz G 40% CW F z
F 4.2kHz PRF -
PRC 2-L-H PRS 3 PRC 6-1

PST 2
WF 600 Hz

WF M

: Case (29) 46 F yrs. m
W R with  mild  Tricuspid
B regurgitant jet TV max
(2.66 m/s) PAP elevated by
5 mmHg with PASP 33.2
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.




G 43% CFM F 2.5 MHz G 40% CwW F
XY 1 PRF 4.2kHz P

PRS 2-L-H PRS 3

Case (30) 42 yrs. M with
mild Tricuspid regurgitant
jet TV max (2.43 m/s) PAP
elevated by 5 mmHg with
PASP 28.7 mmHg
(Bernoulli equation) 4 (TV
max)” + PAP.




RVYPs 70.7 mmHg

PRS

52% CFM
1

E

2.5 MHz G 40% CW
.2kH

F
P
PRC
PST
WF

2.5 MHZz G 76%
RF -

6-1
2
600 Hz

Case (31) 55 yrs. M with
severe Tricuspid
regurgitant jet TV max
(2.79 m/s) PAP elevated by
10 mmHg with PASP 70.7
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.



2.5 MHz G 40% CW F
F 4.2kHz P

PRS 3

Case (32) 50 yrs. F with
severe Tricuspid
regurgitant jet TV max
(2.79 m/s) PAP elevated by
10 mmHg with PASP 62.7
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.




2.5 MHz G 40% CW F
3.7kH PR

put®

PRC 6-1
PST 2
WF

600 Hz

Case (33) 38 yrs. F with
severe Tricuspid
regurgitant jet TV max
(2.67 m/s) PAP elevated by
10 mmHg with PASP 64.0
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.



RYPs 70.7 mmHg

Case (34) 55 yrs. M with
severe Tricuspid
regurgitant jet TV max
(2.89 m/s) PAP elevated by
10 mmHg with PASP 70.7
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.



52% CFM F 2.5 MHzZ G 40% CW
PRF 3.7kHz
PRC 2-L-H PRS 3
WF M
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Case (35) 58 yrs. M with
moderate Tricuspid
regurgitant jet TV max
(3.41 m/s) PAP elevated by
: ' 10 mmHg with PASP 56.4
* mmHg (Bernoulli equation)
4 (TV max)® + PAP.

y




G 67% CFM F 2.5 MHz G 40% CW
XY 1 . z
RS 2

Case (36) 40 yrs. M with

| 7 moderate Tricuspid
s 506 g - E regurgitant jet TV max
N T ; (3.19 m/s) PAP elevated by

10 mmHg with PASP 50.6
mmHg (Bernoulli equation)
4 (TV max)® + PAP.




G 79% CFM F 2.5 MHz G 40% Cw F
XY 1 PRF 4.2kHz -
PRS 2 PRC 2-L-H PRS 3 PRC 6-1
WF M PST 2
WF 600 Hz

Case (37) 42 yrs. F with
moderate Tricuspid
regurgitant jet TV max
(3.23 m/s) PAP elevated by
10 mmHg with PASP 51.7
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.

RYPs 51.7 mmHg




CFM F 2.5 MHz G 40% Cw F 2.5 MHz G 76%
PRF 4.2kHz PRF -
PRC 2-L-H PRS 3 PRC 6-1
WF M PST 2
WF 600 Hz

Case (38) 50 yrs. F with
severe Tricuspid
regurgitant jet TV max
(3.63 m/s) PAP elevated by
10 mmHg with PASP 62.7
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.

RVPS 62.7 mmHg




42.9 mmHg
RVPS 52.9 mmHg

2.5 M
F 3.

Hz G 40% CwW F

7kHz

PRS 3

PR

WF

2.5 MHz G

i
PRC 6-1
PST 2

600 Hz

Case (39) 52 yrs. M with
moderate Tricuspid
regurgitant jet TV max
(3.27 m/s) PAP elevated by
10 mmHg with PASP 52.9
mmHg (Bernoulli equation)
4 (TV max)® + PAP.



B F G G 70% CFM F 2.5 MHz G 40% CW F
TEI D 15 cm XY 1 PRF 4.2kHz
PRC 7-3-H PRS 2 PRC 2-L-H PRS 3
PST 2 WF M
600 Hz

FACTORY PA240 l

Case (40) 47 yrs. F with
severe Tricuspid
regurgitant jet TV max
(4.74 m/s) PAP elevated by
10 mmHg with PASP 99.7
mmHg (Bernoulli equation)
4 (TV max)®+ PAP.




