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Comparing Certain Echocardiographic Measurements with
Catheterization in Children with Pulmonary Hypertension due to
Left-to-Right Cardiac Shunt
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Background: Children with left-to-right cardiac shunt are at increasing risk of developing pulmonary hypertension and it's degree
will guides the line of management of those patients. However, cardiac catheterization is the standard way to investigate PHT, and
echocardiography shows an increasing role in diagnosis. Objectives: To check the consistency of noninvasive echocardiographic
parameters with that is measured by conventional cardiac catheterization in assessing children with pulmonary hypertension due
to congenital heart disease (PHT-CHD). Materials and Methods: This prospective cross-sectional study included 60 children with
PHT-CHD we assessed six echocardiographic parameters; pulmonary vascular resistance (PVR), mean pulmonary artery pressure (MPAP),
pulmonary capillary wedge pressure (PCWP), pulmonary to systemic flow (QP/QS), acceleration time of right ventricular outflow tract,
and shunt gradients. Then these data were compared with same catheterization parameters. Results: There insignificant difference
among PVR, MPAP, PCWP, and QP/QS measured by catheterization and the same parameters measured by echocardiography with
P> 0.05. The total sensitivity of echocardiographic measurements was 94.23%, specificity 91.45%, positive predictive value 90.71%,
and negative predictive value 87.35%. Conclusion: Echocardiographic measurements show respectable similarity to catheterization
results in patients with PHT-CHD.
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INTRODUCTION play an important role in evaluating patients with left-to-right
cardiac shunt, and it is the most crucial inexpensive, easy,
and noninvasive screening device used to assess sequel and
prognosis of PHT.! Moreover, it is a reliable way to detect

physiologic and h.isto.logic changes in the pulmonary PVR,¥ QP/QS and PCWP!! that have good correlation
vascular tree resulting in pulmonary hypertension (PHT). with hemodynamics obtained by heart catheterization.!”

Unfortgnately, around S%fm% of patient§ with congenital Furthermore, echocardiography is a good tool to assess shunt
heart disease (CHD) (especially when there is delayed or even gradient throw cardiac defect and estimation of acceleration

no correction) develop PHT.™ time of right ventricular outflow tract (RVOT-AT), which

Cardiac catheterization proved to be mandatory to confirm
the severity of PHT, type of management, measurement
of pulmonary vascular resistance (PVR), mean pulmonary
artery pressure (MPAP), pulmonary capillary wedge
pressure (PCWP), and systemic-to-pulmonary flow (QP/
QS),?! in addition to do vasoreactivity test.’! Noninvasive
echocardiographic measurements of hemodynamic parameters

Significant cardiac shunts that lead to blood overflow in
pulmonary circulation can result in variable and considerable

Submission: 30-09-2019 Accepted: 24-12-2019 Published Online: 17-03-2020

This is an open access article distributed under the terms of the Creative Commons

. . . Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix,
Access this article online . X . .
tweak, and build upon the work non-commercially, as long as the author is credited

Quick Response Code: and the new creations are licensed under the identical terms.
Website:
www.medjbabylon.org For reprints contact: reprints@medknow.com
DOI:

10.4103/MJBL.MJBL_53_19

.@ 2020 Medical Journal of Babylon | Published by Wolters Kluwer - Medknow




[Downloaded free from http://www.medjbabylon.org on Thursday, April 2, 2020, IP: 10.232.74.26]

Tuky, et al.: Comparing echocardiography with catheterization in pulmonary hypertension

could be used for the estimation of right ventricular pressure
and pulmonary pressure.®!

Scheme of clinical, echocardiographic, and catheterization
results was suggested by Lopes and O’Leary to detect
operability in patients with PHT-CHD.

The aim of this study is to evaluate the diagnostic accuracy of
echocardiographic measurements in children with PHT-CHD
by comparison with cardiac catheterization.

MaTeriALs AND METHODS

This prospective cross-sectional study was agreed on by the Ethics
Committee at AL-Hindiya General Hospital and Babylon College
of Medicine with a verbal agreement. All parents were informed
regarding the aspects of the study and signed informed consent.

Patients selection

This prospective cross-sectional study includes 60 children
with PHT-CHD selected from AL-Hindiya General Hospital/
Karbala/Iraq echocardiography Unit and then cardiac
catheterization was done to them at Shaheed AL-Mihrab
Catheterization Center/Babylon/Iraq during the period from
October 2018 to June 2019. Echocardiographic measurements
were used to test the concordance with catheterization.
Baseline informations of patients are shown in Table 1.

The selection criteria included normal ventricular function,
regular rhythm, absence of pulmonary stenosis, and presence
of tricuspid regurgitation that enabled echocardiographic
assessment of PVR. While exclusion criteria includes; Patients
who did not give consent, other causes of PHT rather than
cardiac shunt, bad image, single ventricle, aortopulmonary
collaterals, after Fontan procedure, heart failure, catheterization
revealing PVR >6 WU, change in clinical condition,
or >1 month between echocardiography and catheterization.

Echocardiographic study
Echocardiography was performed using Vivid E9
Ultrasound (GE Milwaukee, WI Medical System) with pediatric

Table 1: Baseline information of the patients

Characteristics Value
Age (year), mean+SD 11.289+2.368
Gender

Male, n (%) 26 (43.3)

Female, n (%) 34 (56.6)
Cause of pulmonary hypertension

VSD, n (%) 23 (38.3)

PDA, n (%) 19 (31.6)

AVSD, n (%) 11 (18.3)

PDA + VSD, n (%) 7 (11.6)
EF (%), mean+SD 66.7+4.6
BSA (m?), mean+SD 1.021+0.4

Null hypothesis was tested in this table which is rejected when
P<0.05. SD: Standard deviation, VSD: Ventricular septal defect,
AVSD: Atrioventricular septal defect, PDA: Patent ductus arteriosus,
EF: Ejection fraction, BSA: Body surface area

1.5-4.3 MHz phased array S6 transducers. Measurements were
done according to the American Society of Echocardiography
guidelines!” with accompanied electrocardiography from
typical views of suggested windows. Minimum of three heart
cycles was measured and the average was taken; sweep speed
of 50 mm/s for continuous and pulsed wave Doppler was used.
Estimation of ejection fraction was performed using biplane
modified Simpson’s method.

For the estimation of PVR, continuous wave Doppler was used
to detect the highest velocity of tricuspid regurgitation (TRV)
(m/s). Then, the pulse wave from the basal level of short-axis
views (just within the pulmonary valve) was used to detect time
velocity integral (TVI) RVOT (cm) and PVR can assessed by this
formulation; PVR = Highest TR v/ TVIRVOT x 10+ 0.16. This
method was performed as described previously by Abbas et al.!'!

Forthe estimation of MPAP, we used the early signals of pulmonary
valve regurgitation, which is common in PHT using the Bernoulli’s
equation and then adding the right atrial pressure (RAP)
according to this formula: MPAP = 4 x (initial peak velocity of
pulmonary regurgitation)? + RAP.I'?

To assess PCWP, the mitral valve peak E wave velocity obtain
four-chamber view by means of pulse wave Doppler through
small sample volume of 1-3 mm at the cusped tips of mitral
valve. From the same view, the medium of lateral and septal
wall tissue (Doppler index 1 cm, below the mitral annulus)
was taken to estimate (¢); so PCWP can be calculated from
this equation; PCWP = E/¢ x1.24 + 1.9.[%

Estimation of QP/QS was done by obtaining aortic level of
the parasternal short-axis view then TVI of the RVOT (cm)
was measured by carefully tracing the wave obtained from
pulsed wave Doppler, then carefully measure the RVOT
diameter. Using apical 5-chamber view, we could measure
TVI of left ventricular outflow tract (LVOT) just under the
aortic valve, whereas the diameter of LVOT was obtained from
parasternal long-axis view 0.5 cm proximal to the aortic cusps
in mid-systole frame. The cross-sectional area of RVOT and
LVOT can be measured from this equation: Cross-sectional
area = 0.785x (diameter)* and then by multiplying the
corresponding TVI by cross-sectional area, we can obtain
pulmonary flow QP and systemic flow QS.['¥

For the estimation of acceleration time of the right ventricular
outflow from parasternal short-axis view (aortic level) at
end expiration, we used pulse wave Doppler at the RVOT
and measured the time from the beginning of the flow to the
maximum velocity in milliseconds.['™

For the assessment of shunt gradient, the cursor of continuous
wave Doppler should be well aligned with the defect and shunt
gradient calculated by Bernoulli’s equation.t'®!

Cardiac catheterization

A retrograde catheterization performed by Swan—Ganz
catheter through the femoral vein, MPAP, RAP, PCWP, oxygen
saturation from different sites, and that from the pulmonary
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and femoral arteries for intracardiac shunts. Cardiac output
was perceived by thermodilution. PVR was estimated from
this formulation MPAP-PCWP/cardiac output. When PVR
was measured by catheterization more than 6 WU, the
echocardiographic PVR will be more than 0.275 WU, so
by multiplying the echocardiographic result by a constant
factor (21.8), we can get the approximate PVR measured by
catheterization. [!17:18]

Statistical analysis

The data were collected, arranged, and statistically explored
via SPSS system version 21 (SPSS, IBM Company, Chicago,
IL 60606, USA). Continuous variables were expressed
as mean + standard deviation, whereas other qualitative
parameters were stated as frequencies and correlated
percentages; linear regression analysis was used to evaluate the
relationships of the different echocardiographic parameters and
catheterization hemodynamic measurements. In cases where
the null hypothesis was rejected, P < 0.05 was considered as
statistically significant.

Ethical consideration

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of Helsinki.
It was carried out with patients’ verbal and analytical approval
before the sample was taken. The study protocol and the subject
information and consent form were reviewed and approved by
the local ethics committee.

ResuLts

Baseline information about patients

The characteristic parameters of 60 patients demonstrated that
the mean age of presentation was 11.289 years + 2.368, female
patients represented 56.6%, and male-to-female ratio was 0.76;
the most frequent congenital heart shunt defect causing PHT
was VSD which presents in 23 children (38.3%); the mean
ejection fraction of patients was 66.7 = 4.6; and the mean body
surface area was 1.021 £+ 0.4, as shown in Table 1.

Comparison between catheterization and
echocardiographic measurements

The results revealed that there was no statistically
significant difference between mean PVR measured by
catheterization (7.465 + 1.519) and mean PVR measured
by echocardiography (0.327 + 0.064) after multiplying the
echocardiographic results by constant factor 21.8 (P > 0.05);
there was no statistically significant difference among MPAP
measured by catheterization (52.406 = 13.280) and mean MPAP
measured by echocardiography (63.450+ 13) (P>0.05); there was
no statistically significant difference between PCWP measured
by catheterization (15.612 + 1.147) and mean PCWP measured
by echocardiography (14.359 + 1.283) (P> 0.05); and there was
no statistically significant differences between QP/QS measured
by catheterization (1.471 £ 0.425) and mean QP/QS measured
by echocardiography (1.621 + 0.399) (P > 0.05). The
mean RVOT-AT was 89.656 = 20.612 and the mean

shunt gradient was 21.612 + 14.388, whereas the last two
measurements (RVOT-AT and shunt gradient) cannot be
measured by catheterization, as shown in Table 2.

Validity of echocardiographic measurements

The echocardiographic results of PVR, MPAP, PCWP, and
QP/QS in comparison with catheterization results display
sensitivity of 94.23%, specificity of 91.45%, positive
predictive value of 90.71%, and negative predictive value of
87.35%, as shown in Figure 1.

Discussion

The most frequent CHD associated with PHT was VSD. It was
found alone in 23 patients, as part of AVSD in 11 patients, and
in combination with PDA in 7 patients out of a total number
41 (68.33%) [Table 1]. This finding was proved by Paladini
et al." and Beghetti.?” The second most frequent CHD-PHT
was PDA, found alone in 19 patients and in combination with
VSD in 7 patients. Hence, VSD and PDA are the most frequent
causes of PHT. This was proved by Frank and Hanna.!!

The results of echocardiographic measurements of PVR
revealed no significant differences with PVR measured in
accordance with catheterization. This outcome was noticed
by many studies.!'!17:18:22]

There is a worthy relation between catheterization and
echocardiographic measurements of MPAP with no
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Figure 1: Validity of echocardiographic measurements. Binary
classification test (2 x 2 contingency table) used. PPV: Positive predictive
value, NPV: Negative predictive value

Table 2: Echocardiographic and catheterization
measurements

Mean=SD P
Echocardiography Catheterization

Measurements Units

PVR WU/m? 0.327+0.064* 7.465£1.519  >0.05
MPAP mmHg 63.450+13.211 52.406+13.280 >0.05
PCWP mmHg 14.359+1.283 15.612+1.147  >0.05
QP/QS % 1.621+0.399 1.471+0.425  >0.05
RVOT-AT ms 89.656+20.612

Shunt gradient —mmHg 21.612+14.388

Null hypothesis was tested in this table which is rejected when P<0.05.
PVR: Pulmonary vascular resistance, MPAP: Mean pulmonary artery
pressure, PCWP: Pulmonary capillary wedge pressure, QP/QS:
Pulmonary to systemic flow, RVOT-AT: Acceleration time of right
ventricular outflow tract, SD: Standard deviation, *By multiplying the
echocardiographic results by constant factor 21.8 give result of 7.128
which is statistically insignificant from catheterization results
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statistically significant difference; this result goes with that
described by Lopes.”?! Estimation of PCWP also shows no
statistically significant difference between catheterization and
echocardiography, corresponding to the finding of Sugimoto
et al Y

Estimation of QP/QS also demonstrates no significant
difference between catheterization and echocardiography.
These results were compatible with those obtained by Cloez
et al. who found a very good relation between QP/QS estimated
by catheterization and echocardiography.! Measurements
of RVOT-AT provide dependable estimation of pulmonary
hemodynamics as described by Levy et al.;?* however, it has
low sensitivity and specificity to predict PVR >6, as achieved
in a study done by Roushdy et a/.*”) Finally, we found that
echocardiographic assessment of shunt gradients plays a major
role in the evaluation of flow and cardiac chamber pressure
and the presence of high-shunt gradients may indicate that the
patients are operable. This result was supported by several
authors worldwide such as Awasthy and Radhakrishnan.!'®
However, this study gives high sensitivity and specificity
in comparison with catheterization result, but still there is a
chance to false positive and false negative results, which may
be explained by procedural influences such as cooperation of
the patient or getting perfect echocardiographic windows and
typical views.

CONCLUSION

The estimated Doppler echocardiographic parameters display
high sensitivity, specificity, positive predictive value, and
negative predictive value in the evaluation and selection of
the best way of management of patients with PHT-CHD,
with excellent correlation with reference catheterization
parameters which could be a simple noninvasive alternative
to catheterization.
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