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Evaluation by Cardiac Catheterization for Right Ventricular

Dysfunction as a Pulmonary Ventricle—Secondary Publication
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Recently, growing number of difficult cases with congenital heart disease can grow up and become adults. Func-

tion of right ventricle as a pump for pulmonary circulation has great impact on the quality of life, mortality, and

the necessity of re-operation in such patients. Cardiovascular visualization and volume measurements, which

previously required cardiac catheterization, can be obtained by non-invasive well-developed modalities such as

computed tomography or magnetic resonance imaging. However, only cardiac catheterization can provide the

direct pressure and oxygen saturation measurements for the irreplaceable assessment of cardiovascular function,

and systemic and pulmonary circulation. This review summarizes and discusses the common and detailed eval-

uations, and future direction of right heart catheterization.
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Introduction

In the field of cardiovascular medicine, the right ven-
tricle (RV) (the pulmonary ventricle responsible for the
pulmonary circulation) has not been sufficiently assessed
and analyzed compared with the left ventricle (LV)
(responsible for the systemic circulation). On the other
hand, the investigators are increasingly interested in RV
function as a pulmonary chamber, and recognize it as
important, because an ejection fraction (EF) of the RV
is known to be related closely with prognosis in dilated
cardiomyopathy? and pulmonary hypertension.?) In
congenital heart disease (CHD) such as tetralogy of Fal-
lot, various conditions of heart defects reflect disorders
in the RV. That is why the right heart system has attracted
attention in this setting. Despite the recognition, there
are many issues to elucidate regarding RV function.

The RV has three portions: the inlet, the trabecular,
and the outlet portions. Usually, the RV is concavely
configured by the convex LV, and assessing RV volume is
not straightforward because of its complicated shape. In

recent years, noninvasive modalities, such as magnetic
resonance imaging (MRI), echocardiography, and com-
puted tomography (CT), have made remarkable prog-
ress, and cardiac catheterization is indicated much less
frequently.” Still, use of cardiac catheterization remains
important in the evaluation of RV function in CHD,
since direct and accurate measurement of pressure is
unique and informative (Fig. 1). This article outlines
standard evaluation, detailed analysis and assessment,
and also a perspective of cardiac catheterization in CHD.

Routine Evaluation

Generally, right heart catheterization for CHD (Fig. 1)
consists of (1) pressure measurement and (2) oxygen
saturation sampling at various locations, followed by
(3) angiography. First, a catheter is inserted into the
peripheral pulmonary artery (PA) (Fig. 2). A balloon is
expanded to block blood flow there, and recorded is pul-
monary capillary wedge pressure which reflects left atrial
pressure. Pressure and oxygen saturation are then mea-
sured in the peripheral and central PA, while the cathe-
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Right heart assessment in cardiac catheterization
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Measurement of pressure and oxygen saturation, and angiography/ventriculography, provide either general or special
assessment of the right heart. ICE, intracardiac echocardiography; IVUS, intravascular ultrasound; PH, pulmonary hyper-
tension; Qp/Qs, pulmonary-to-systemic flow ratio; RV, right ventricle.
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In routine catheterization, pressure and oxygen saturation

capillary wedge position. ECG, electrocardiogram.

ter is withdrawn with pressure continuously recorded.
A similar maneuver is carried out in the contralateral
PA. Subsequently, pressure and oxygen saturation are
measured at each site while pulling the catheter back
further down to the RV and the right atrium. This pro-
cess allows quantified assessment of pressure gradients
(severity of stenosis), the amount of pulmonary blood
flow, and pulmonary vascular resistance. Cardiac angi-
ography is usually performed after these measurements
completed. Right ventriculography is used to evaluate
the RV volume, RVEEF, the shape of the pulmonary valve,
and tricuspid regurgitation. Pulmonary angiography can
be used to evaluate configuration of the PAs and pulmo-
nary regurgitation. Presence or absence of pulmonary

are measured using a “pullback” fashion from the pulmonary

venous stenosis as well as the size of the left heart system
and its wall motion are illustrated by imaging the venous
return phase. Pulmonary regurgitation is affected not
only by the pulmonary valve itself but also by the pul-
monary vascular bed and the RV. A degree of pulmo-
nary regurgitation, in turn, influences RV end-diastolic
volume and work eficiency. RV end-diastolic volume is
referred when determining indication of reoperation for
pulmonary valve regurgitation after repair of tetralogy
of Fallot. RV dilation eventually affects LV function.® >
Nowadays, cardiovascular MRI is popular and takes
place frequently. In spite of the trend, we describe how
significant the data derived from cardiac catheterization
are, compared with those from MRI and other proce-
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dures, in the following section.

Right Heart Angiography Versus MRl and
Other Procedures in CHD

Right heart angiography for CHD is usually per-
formed in one or two projections, by injecting contrast
medium through a catheter that is invasively inserted
into the cardiovascular system. MRI is noninvasive,
can produce images without use of contrast agents,
and visualizes on multiple planes via a single scan. In
recent years, MRI has become the gold standard for
RV volumetry. The volume data are quantified without
use of geometric assumption. In contrast, RV volume
derived from right ventriculography is hypothetical
calculation based on the area-length method® (measur-
ing a cross-sectional area and a length) or the Simpson
method” (determining as integration of thin disks).
While MRI is capable of quantifing the amount of regur-
gitation, angiocardiographic evaluation of regurgitation
is mainly qualitative such as how dense the contrast dye
stains around the regurgitant site (Sellers classification)
or how smoothly the contrast dye flows forward away
(Table 1). On the other hand, angiographic assessment
of regurgitation is visually dynamic, intuitive, and easy
to share with the surgeons. These are advantages of
the traditional procedure. When performing cardiac
catheterization, it is important to optimize the imaging
setup such that arrhythmias are less likely induced and
proper cardiovascular pictures are provided. Admitting
that MRI is the gold standard for RV volumetry, there is
room for some factors of human error; visual judgement
and handling are involved in multiple occasions when,
for example, determining the lumen, setting the region
of interest (ROI), and so on. A comprehensive and
organized management should be sought in the light

of volumetric evaluation derived from each modality
employed.

As a downside, MRI has specific contraindications.
CT and cardiac catheterization have an issue of radia-
tion exposure. CT produces static imaging only. On the
other hand, cardiac angiography has the finest spatial
resolution (cardiac catheterization>CT>MRI). In this
respect, cardiac catheterization remains important in
some cases, even if performed only for morphological
diagnosis or angiographic delineation of small vessels.
When examining a patient on MRI or CT, even a “single
move” of the patient’s body would make the pictures
much less reliable. In angiocardiography, such a factor
would not spoil the whole evaluation.

Despite these favorable features, nonetheless, the
invasive nature of cardiac catheterization and radiation
exposure need to be taken into consideration. As far as
focusing on morphological diagnosis, MRI is appro-
priate in general and superior to echocardiography or
CT. The main role of cardiac catheterization is direct
pressure evaluation at various sites necessary for basic
and precise understanding of cardiovascular status. This
feature is to be described in the next section. Another
obvious merit of catheter evaluation is that the investiga-
tion can be combined with catheter intervention.

Functional Assessment Using Pressure Data

We discuss here the greatest advantage of cardiac
catheterization; that is, general understanding of cardio-
vascular function on the basis of pressures measured.

Through a catheter, we can directly and accurately
measure pressures and pressure gradients at various
locations. The amount of pulmonary or systemic blood
flow is usually calculated using the Fick method with
measured values of oxygen saturation. Since PA pres-

Table 1 Comparison between cardia and MRI catheterization for assessment of right heart
Cardiac catheterization Vs MRI
Right ventricular volume Right ventriuclography << Gold Standard
Conductance catheter (uncommon)
Right ventriuclography
Pulmon_ary arteriography Ventricular volume change
Flow measurement Fick method <<

Thermodilution

Flow wire (uncommon)

Phase Contrast

Pulmonary regurgitation volume Qualitative << Quantitative
Pressure measurement
Blood sumpling Possible >>> Impossible

Catheter intervention
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sure, the amount of pulmonary blood flow, and pul-
monary vascular resistance are accurately measured,
cardiac catheterization has a good indication for evaluat-
ing pulmonary hypertension and determining efficacy
of treatments.” The right heart circulation is a low-
pressured system, and the so-called ‘drift’ phenomenon
has a considerable impact on values to be measured. The
zero point must be aligned precisely with great care.
Pulmonary hypertension has been defined as a mean
PA pressure of =25mmHg. The actual figure of PA
pressure alone is, in reality, not sufficient to scrutinize
pulmonary hypertension. Pulmonary vascular resis-
tance should be lower with a greater amount of pulmo-
nary blood flow, even if the pressure differences were
identical between mean PA pressure and pulmonary
capillary wedge pressure. RV systolic pressure can be
estimated, in a noninvasive way, from velocity of tri-
cuspid regurgitation, and mean PA pressure from that
of pulmonary regurgitation, on echocardiography. As
mentioned above, it is also important to pay attention to
the amount of pulmonary blood flow. Echocardiography
can provide an approximate value of the amount. Use of
Esculon Mini®, electrical velocimetry, is another way.
This equipment can measure systemic blood flow by
affixing electrodes. In the absence of an intracardiac
shunt, the value is deemed equivalent to the amount of
pulmonary blood flow. We repeat that it is important

to assess pressure information in conjunction with the

amount of blood flow.

Pulmonary vascular resistance, representing afterload
to the RV, is the most important determinant of pulmo-
nary hypertension; RVEF was adversely correlated with
pulmonary vascular resistance in a study of pulmonary
arterial hypertension in adults® (Fig. 3(a)). A case
report describes that RV volume decreased and RVEF
improved in parallel with a fall of pulmonary vascular
resistance responding to treatment of pulmonary hyper-
tension'? (Fig. 3(b)); this is of interest in considering
the relationship between RV behavior and pulmonary
vascular resistance. RVEF improved rapidly when
pulmonary vascular resistance came down below 600
dyne/sec/cm® (7.5 units X m?).

Systolic, diastolic, and mean pressures are recorded
in the left, right, and central PAs. The product ‘mean PA
pressure minus pulmonary capillary wedge pressure’ is
a pressure gradient across the pulmonary circulation,
which is divided by the amount of pulmonary blood flow
to calculate pulmonary vascular resistance. In the pedi-
atric field, it is often multiplied by the body surface area
and expressed in Wood units X m2. The figure of wood
units is equivalent to that in dyne/sec/cm® divided by 80.
When a stroke volume is divided by a difference between
systolic and diastolic PA pressures (the so-called pulse
pressure), we can readily obtain PA compliance. The
greater the pulse pressure was with the same stroke vol-
ume per beat, the less compliant the pulmonary vascular

RV volume
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Fig. 3 Relationship between pulmonary vascular resistance and right ventricular ejection fraction in non-congenital

heart disease adults with pulmonary arterial hypertension

(a) Right ventricular ejection fraction (RVEF) negatively correlated with pulmonary vascular resistance (PVR). (Reprinted
with permission from Inaba et al.?). (b) A serial change of right ventricular end-diastolic volume index (RVEDVI), end-systolic
volume index (RVESVI) and ejection fraction (RVEF) in an adult patient with pulmonary arterial hypertension. Reduction of
PVR by pulmonary vasodilator made RV less dilated and RVEF raised. Marked improvement of RVEF occurred below 600
dyne/sec/cm®. RV, right ventricle. (Reprinted and modified with permission from Yao.'9).
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bed would be; that is, the pulmonary vasculature should
be stiffer against expansion.

RV pressure is measured as systolic and end-dia-
stolic. End-diastolic pressure (EDP) is a simple and
useful index; this is an integrated marker of the diastolic
phase determined by preload to and stiffness of the RV.
In addition, RV minimum pressure is also recorded.
Minimum pressure provides important information on
diastolic capacity, which is the integration of interaction
among how far the ventricle can contract during systole,
how quickly it relaxes afterward, and how much ven-
tricular suction occurs. Elevated right atrial and central
venous pressures suggest diastolic dysfunction of the
RV or volume overload to the RV as far as the tricuspid
valve remains intact. Furthermore, solely from pressure
measurements, an index of contractility (dp/dt max) and
indices of relaxation (dp/dt min and the time constant
tau for relaxation) are calculated.

In ordinary pressure measurement using a transducer
via a pressure line filled with saline, a waveform often
fails to follow an instantaneous change of pressure, and
tends to overshoot near RV minimum pressure; the pres-
sure swings unusually lower than actually is. Accord-
ingly, measured RV minimum pressure requires inter-
pretation of the pressure curve on the basis of knowledge
what an exact pressure curve should be. It is also difficult
to calculate accurately dp/dt max and dp/dt min from
the derivative of the pressure waveform, or the time
constant tau, in ordinary pressure measurement. These
assessments can be performed accurately by inserting a
thin wire with a pressure transducer mounted!'"-? into a
catheter, although uncommon in children.

Following the end of systole, the first diastolic process
is relaxation. During relaxation, ventricular volume
remains unchanged, and intracavity pressure drops until
it goes below atrial pressure, which allows opening of
the atrioventricular valve and initiating the process of
filling from the atrium to the ventricle. The rate of RV
relaxation (time constant tau) should be as important as
that of the left heart in order to initiate ventricular filling
smoothly. Its clinical significance in the RV, however,
has not been fully elucidated, and further studies are
needed. Different from the LV, the RV ejects blood into
the low-pressured pulmonary circulation in patients
without pulmonary hypertension. Furthermore, indices
derived from pressures alone are affected by preload
and afterload to the RV. Each of the loading conditions

J Pediatr Cardiol Card Surg Vol. 7, No. 1 (2023)

poses their own limitation. It is important to evaluate
or analyze RV function in a load-independent (or less
load-dependent) manner. In this respect, the concept
of pressure-volume relationship described in the next
section is useful for the RV as is the case with the LV.
Although pressure-volume relationship is considered
difficult to apply and to evaluate in general clinical prac-
tice, it is possible to adopt the concept even from data
obtained by general measurements'® as far as the theory
is understood properly. This is the topic in the next sec-
tion, along with our findings.

Ventricular Pressure-Volume Relationship
and Pressure-Area Relationship

Ventricular pressure-volume relationship is a single
counterclockwise loop in a single cardiac cycle, which
is determined by plotting the ventricular volume (or
cross-sectional area) on the horizontal axis and ventric-
ular pressure on the vertical axis (Fig. 4). In the light of
the pressure-volume relationship, cardiac function can
be classified into heart rate, preload, afterload, contrac-
tility, and diastolic function; eventually these are evalu-
ated together.!?) Since this concept is useful for under-
standing the overall picture of ventricular function, we
have provided a brief overview. Animal studies have
shown that the pressure-volume relationship in the RV
is primarily similar, and has physiological significance,
as seen in the LV.'¥ The time-varying elastance model is
also valid for the RV, and the relationship between oxy-
gen consumption and pressure-volume area is similar to
that for the LV.'¥ On the horizontal axis, end-diastolic
volume (preload) and end-systolic volume are plotted,
and thus, stroke volume and EF are indicated (Fig. 4).
Once volume is known, in turn, the position of the pres-
sure-volume curve can be determined on the horizontal
axis. The vertical axis is for the ventricular pressure; the
height of the loop can be estimated noninvasively from
mean blood pressure for the LV or from tricuspid regur-
gitation velocity (pressure gradient) for the RV.

The end-systolic pressure per stroke volume is called
effective arterial elastance (Ea), which is the slope of
the right-downward straight line shown in Fig. 4. Ea
is an excellent index representing afterload that can be
calculated noninvasively. High pressure with poor wall
motion is a determinant of increased afterload; we can
realize it by assessing Ea. In order to obtain a load-in-
dependent index of contractility such as end-systolic
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(a) Analog recording of simultaneous measurements of right ventricular pressure, area, and electrocardiogram (ECG). (b)
Right ventricular pressure-area relationship before and during inferior vena caval occlusion. End-diastolic area represents
preload. Effective arterial elastance (Ea), the ratio of end-systolic pressure to stroke area, represents afterload. End-systolic
elastance (Ees), the slope of end-systolic points during inferior vena caval occlusion, represents load-insensitive measure-
ment of contractility. The position and the slope of end-diastolic points represent stiffness. The recorded loops show all

these components of ventricular function in one plane.

elastance (Ees), in contrast, multiple loops are required
with different loading conditions, and it is calculated
as the slope of the straight line drawn on the left upper
shoulder of each loop. Temporary occlusion of the infe-
rior vena cava using an occlusive balloon is a relatively
easy way to alter loading conditions, but not really com-
mon in practice. Other methods to estimate Ees using a
single loop or various noninvasive measurement have
been reported for the LV.1>19 Further investigation is
required to clarify whether Ees of the RV can reasonably
be estimated from a solitary loop or not.

The ratio of contractility (Ees) to afterload (Ea),
Ees/Ea, is called as ventriculo-arterial coupling, and
indicates whether contractility is commensurate with
afterload. This is an important concept related to cardiac
mechanical efficiency.!”-'® A similar index is obtained
using cross-sectional area, instead of volume, for the
x-axis of the ventricular pressure-volume relationship.'?
We describe here a suggestive patient'® in whom cathe-
ter intervention was effective on RV functional dynam-
ics and this was proved by establishing RV pressure-area
relationship during the procedure.

Shown in Fig. 5 is a change in the RV pressure-area
relationship in a patient who underwent bilateral
stenting of the peripheral PAs to relieve their stenoses
after repair of tetralogy of Fallot.!” The interventional
procedure reduced RV preload and afterload, and at the

same time improved contractility slightly. As expected,
the RV became less tense with reduced pressure and
afterload, and could eject blood more efficiently with a
better contractile circumstance. From this consequence,
we realize how the RV would behave and respond. These
phenomena are often overlooked when evaluating pres-
sure gradients alone. For example, just imagine where
a stenosis was successfully dilated with morphological
improvement but the pressure gradient across the lesion
remained unchanged. Although sounds pessimistic, this
circumstance should be considered effective as far as
blood flow had increased sufficiently across the site. The
resistance across that site is to be calculated as decreased.
Even if an actual pressure-volume curve cannot be plot-
ted, we can envisage the changes in the pressure-volume
relationship. It is crucial to recognize the whole picture
systematically in the blood flow and volume matter.

The next topic is stiffness of the ventricle, the capacity
of late diastolic expansion; that is, the pressure required
to increase a certain unit of volume. A standard index
for this evaluation is stiffness 5, which is obtained by
approximating the curve consisting of end-diastolic
points with an exponential function at different loads
(Fig. 6(a)). The  is a load-independent index of stift-
ness, which is difficult to calculate (even if approached
invasively). For actual filling, a chamber stiffness (K)
seems more important?” than the 8 index. For the cham-
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Fig. 5 Pressure-area relationship before and after stent implantation in a patient with bilateral peripheral pulmo-

nary stenosis after repair of tetralogy of Fallot. (Reprinted with permission from Khono et al.’?)
(a) Pressure-area loops during inferior vena caval occlusion revealed high afterload relative to contractility. (b) Pressure-area
loops after bilateral stent implantation indicated that preload and afterload to the ventricle became favorable with contrac-

tility improved.
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Fig. 6 Assessment of diastolic ventricular stiffness
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(a) Exponential fitting to end-diastolic points on pressure-volume (or pressure-area) relationship during inferior vena caval
occlusion produces a passive stiffness (8).32 (b) Chamber stiffness (K). The slope of dashed line is the averaged RV chamber
stiffness (K) during diastole, which is calculated by dividing the change of pressure from the time of minimal RVP to end-
diastolic pressure with the change of the volume during this period.33® The slope of the real line, which is a ratio of the
same pressure change to stroke volume index, can be an approximation of K. EDPAR, end-diastolic pressure-area relation-

ship; RV, right ventricle; RVP, right ventricular pressure.

ber stiffness, pressure increase from the phase of mini-
mum ventricular pressure to end-diastole is divided by
the change of volume over the corresponding period, We
further simplify this equation (Fig. 6(b)) to the formula

below for approximation'?2V:

K = diastolic pressure increase*/
stroke volume corrected by body surface area;
*: diastolic pressure increase
= end-diastolic pressure —minimum pressure

LV stiffness is an independent determinant of pulmo-
nary-to-systemic blood flow ratio in atrial septal defects,

J Pediatr Cardiol Card Surg Vol. 7, No. 1 (2023)

i.e., the greater the LV stiffness was, the greater the
pulmonary-to-systemic blood flow ratio would be.2!
The relationship between LV stiffness and other echo
indices has been also reported in children.'? Using this
method, stiffness can be easily calculated from ordinary
cardiac catheterization data. The concept is to be applied
to the RV as well. We have noted that calculated K for
the RV positively correlates with right atrial contractility
Ees (unpublished data). This finding indicates that right
atrial contractility rises in response to an increase in RV
stiffness that is an afterload to right atrial contraction.
It is suggested that interaction exists between the right
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atrium and the RV. ‘Diastolic stiffness’ may seem difficult
to understand at a glance. The simplified method for
quantifying this feature of the pumping chamber can be
used in routine cardiac catheterization, and is expected
to contribute to future investigations in diastolic func-
tion in CHD.

Simultaneous Measurement of Pressure and
the Amount of Blood Flow

In this section, we briefly discuss two concepts,
impedance and wave intensity; these can be calculated
by measuring pressure and the amount of blood flow
simultaneously. The former provides detailed informa-
tion about the pulmonary vascular bed, while the latter
about RV-PA coupling. We believe that these factors
should promote understanding of the pathogenesis of
CHD in the future.

Pulsatile pressure and the amount of blood flow is
regarded as a periodic function per beat. The function
can be approximated by the sum of a steady flow and
several sine waves whose fundamental frequency is a
single cardiac cycle. The pressure-to-flow ratio of the
steady flow components is the vascular resistance. For
the sine-wave components, the ratio of amplitude of
each frequency behaves as if to be a “resistance” at each
frequency. All these together, the resistant characteris-
tics is called impedance.

Input impedance of the PA is a RV afterload, and cal-
culated by simultaneously measuring pressure and the
amount of blood flow in the PA. This evaluates not only
pulmonary vascular resistance, but also compliance of
the vessel, compliance that represents distensibility and
characteristic impedance?? that documents stiffness of
the proximal PA wall as well as detailed properties of the
pulmonary vascular bed such as reflection.?® In repaired
tetralogy of Fallot, for example, pulmonary vascular
resistance is greater, pulmonary blood flow refluxes
more, and the PAs are less compliant than normal®;
i.e,, their vascular beds are more reluctant to flow, more
bouncing, and less capable of receiving stroke volume
than normal. These would be unfavorable for the pulmo-
nary circulation after all. Pulmonary valve regurgitation
is often mentioned as the target lesion of RV enlarge-
ment in repaired tetralogy. Less compliant PA, nonethe-
less, is associated with dilatation of the cavity as shown
in Fig. 7. This pulmonary vascular characteristic is an
important factor of RV enlargement independent of pul-

250
|

R=-0.69, p=0.0001

200

RV end-diastolic volume, %
150

100

Compliance, ml/mmHg/m2

Fig. 7 Impact of pulmonary arterial wall stiffness
on RV end-diastolic volume in patients with
repaired tetralogy of Fallot. A significant cor-
relation was seen between RV end-diastolic
volume and pulmonary arterial compliance in
patients with moderate or severe pulmonary
regurgitation (closed circles) and those without
(open circles). RV, right ventricle. (Reprinted
with permission from Inuzuka et al.23)

Q@

monary valve regurgitation in multivariate analysis.??)
In the analysis of our tetralogy case mentioned earlier,
stenting of the stenoses at the bilateral peripheral PAs
reduced pulmonary vascular resistance, characteristic
impedance (indicating proximal stiffness), impedance
of low-frequency components, and reflection (Fig. 8).
The pulmonary circulation became smooth and efficient
after the interventional procedure; the improvement was
detected by impedance analysis.!”

Wave intensity is the product of the derivatives of the
pressure and that of the flow waveforms simultaneously
recorded, which enables evaluation of ventriculo-arte-
rial coupling.?25 Wave intensity has been applied to
the PAs.2% Noninvasive calculation of the index has also
been attempted using MRL.?” In cardiac catheterization,
pressure and the amount of blood flow can be measured
simultaneously using a combination wire. In our previ-
ous study, we found an association between severe pul-
monary valve regurgitation after tetralogy repair and the
second part of wave intensity as an independent factor
by multivariate analysis.? )

How does the nature of the pulmonary vascular bed
influence the pathogenesis of the pulmonary circu-
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sion from Khono et al.’9)

lation? How about the RV-PA coupling? In repaired
tetralogy, residual pulmonary valve stenosis of a mild
degree has been generally regarded as favorable against
progressive RV enlargement related to pulmonary valve
regurgitation.*® 3V But, the circumstance is not as simple
as that. Quite a few factors have a significant impact on
determining the amount of regurgitant flow across the
pulmonary valve; such as morphology of the valve, fea-
tures of the pulmonary vascular bed (including vascular
resistance and compliance), RV function, and RV-PA
coupling. Equivalent pressure gradients across stenotic
pulmonary valves should behave differently. Reducing
the stenosis could be beneficial outweighing disadvan-
tages posed by volume overload in the long-term in
some patients, whereas to increase regurgitation would
be disadvantageous in others over the long-term benefits
by pressure offloading. When contemplating whether
intervention is to be carried out or not for peripheral
PA stenosis, characteristics of the pulmonary vascular
bed, RV function, and RV-PA coupling should play
important roles. Changes responding to interventional
treatments, once employed, would be regulated by these
factors. We ought to go beyond making decisions for
interventions based solely on morphological appearance
and pressure gradient there. We ought to arrange tai-
lor-made treatments based on a good understanding of
the nature of the pulmonary vascular bed, RV function,
and RV-PA coupling. This is an important issue for our
future practice.

Conclusions

Before the development of echocardiography, cardiac
catheterization used to be the most basic method for
evaluating cardiac function. As a matter of fact, the

J Pediatr Cardiol Card Surg Vol. 7, No. 1 (2023)

threshold for invasive testing has increased as nonin-
vasive methods develop. Still, cardiac catheterization
is an important option for accurate assessment of
the pulmonary circulation and RV function. Cardiac
catheterization provides valuable information. There
is room for advancement of this technique, even more
profound, in pathophysiological evaluation of the RV
and pulmonary vasculature. Pathophysiology is different
from one individual to another; a diagnostic entity does
not warrant a solitary pattern of physiology. Moreover,
each entity is not necessarily comprised of an extensive
number of patients. It is difficult to establish a uniform
scientific basis for determining their treatment plans.
Therefore, the optimal treatment strategy is to be chosen
based on understanding characteristics and details in
each individual patient. It is necessary to have an insight
what the impact of treatments to be planned would be
and how the decision should be made. Detailed evalua-
tion of pathophysiology should clarify these aspects and
potential prognoses in each patient.
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