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Background: Pulmonary hypertension is a fatal
disease of multiple etiologies that is estimated to
affect over 100 million people worldwide, therefore
earlier diagnosis of pulmonary hypertension would be
of great benefit for the estimation and treatment of the
condition and underlying causes. Aim of study: The
purpose of this analysis is to study the reliability and
accuracy of echocardiography in the measurement
of pulmonary artery pressures in comparison with
right heart catheterization for patients with pulmonary
hypertension. Patients and Methods: In a prospective
study 150 patients evaluated for suspected pulmonary
hypertension. Echocardiography was performed and
systolic and mean pulmonary artery pressure estimated.
Subsequently, pulmonary hemodynamic parameters
measured by right heart catheterization for definitive
diagnosis of pulmonary hypertension. Results: The
echocardiographic parameters showed high sensitivity
(87.5%), specificity (94%), with significant p-value ( <
0.001 ) for systolic pulmonary artery pressure and high
sensitivity (79%), specificity (82.5%) with significant
p-value (< 0.001 ) for mean pulmonary artery pressure
. There is strong correlation between the Systolic
pulmonary artery pressure (67.13+26.53) mm Hg
measured by echocardiography and (71.43+30.89) mm
Hg measured by right heart catheterization (r = 0.91,
p < 0.001). Correlation also observed between mean
pulmonary artery pressure (43.23+18.8) mm Hg by
echocardiography and (49.31+22.7) mm Hg by right
heart catheterization (r = 0.80, p < 0.001). Conclusion:
Echocardiographic parameters have high sensitivity for
detecting pulmonary hypertension. Estimation of systolic
pulmonary artery pressure has the highest correlation
with right heart catheterization. Invasive measurement
of pulmonary pressure is required among patients with
possible pulmonary hypertension on echocardiogram
for further evaluation and stratification.

Keywords: Correlation, Echocardiography, Right, Heart,
Catheterization, Diagnosis, Pulmonary, Hypertension.

Antecedentes: La hipertensiébn pulmonar es una
enfermedad mortal de multiples etiologias que se estima
que afecta a méas de 100 millones de personas en todo
el mundo, por lo que un diagnéstico méas temprano de
la hipertension pulmonar seria de gran beneficio para la
estimacion y el tratamiento de la afeccion y las causas
subyacentes. Objetivo del estudio: El proposito de este
analisis es estudiar la confiabilidad y precision de la
ecocardiografia en la medicion de las presiones de la
arteria pulmonar en comparacién con el cateterismo
del corazon derecho para pacientes con hipertension
pulmonar. Pacientes y Métodos: En un estudio
prospectivo se evaluaron 150 pacientes por sospechade
hipertension pulmonar. Se realizd una ecocardiografia
y se estimd la presion sistolica y media de la arteria
pulmonar. Posteriormente se midieron los parametros
hemodindmicos pulmonares mediante cateterismo
cardiaco derecho para el diagnostico definitivo de
hipertension pulmonar. Resultados: Los parédmetros
ecocardiograficos mostraron alta sensibilidad (87,5%),
especificidad (94%), con valor de p significativo (<
0,001) para la presidon de la arteria pulmonar sistolica
y alta sensibilidad (79%), especificidad (82,5%) con
p-significativo. valor (< 0,001) para la presién media de
la arteria pulmonar. Existe una fuerte correlacion entre
la presion de la arteria pulmonar sistolica (67,13+26,53)
mm Hg medida por ecocardiografia y (71,43+30,89)
mm Hg medida por cateterismo cardiaco derecho (r =
0,91, p < 0,001). También se observé correlacion entre
la presion media de la arteria pulmonar (43,23+18,8)
mm Hg por ecocardiografia y (49,31+22,7) mm Hg por
cateterismo cardiaco derecho (r = 0,80, p < 0,001).
Conclusion: Los pardmetros ecocardiograficos tienen
alta sensibilidad para detectar hipertension pulmonar.
La estimacion de la presion sistolica de la arteria
pulmonar tiene la mayor correlacion con el cateterismo
del coraz6n derecho. Se requiere una medicion invasiva
de la presion pulmonar en pacientes con posible
hipertension pulmonar en un ecocardiograma para una
evaluacién y estratificacion adicionales.

Palabras clave: Correlacion, Ecocardiografia, Derecho,
Corazén, Cateterismo, Diagnoéstico, Pulmonar,
Hipertension.
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ulmonary hypertension (PH) is a significant global
health issue, affecting an estimated 100 million
people worldwide, with a prevalence of about 1%
globally and up to 10% in individuals over 65 years of
age1,2. Characterized by increased pulmonary vascular
resistance leading to elevated pulmonary artery
pressure, right ventricular hypertrophy, and heart failure,
PH presents non-specific symptoms such as dyspnea
on exertion, fatigue, chest pain, and syncope3-6. The
pathogenic features of PH include sustained pulmonary
vasoconstriction, vascular remodeling, in situ
thrombosis, and increased vascular stiffness3,4. PH is
defined by a mean pulmonary arterial pressure (mPAP)
over 20 mmHg, with the diagnostic criteria also including
pulmonary vascular resistance (PVR) and pulmonary
arterial wedge pressure (PAWP) to differentiate pre-
capillary PH from other types7-9. The life expectancy
of PH patients has notably improved, with a current
3-year survival rate of 70-80%, compared to 40% in
the 1980s10,11. Epidemiologically, PH has different
incidences and prevalences across regions. In Europe,
the prevalence of pulmonary arterial hypertension
(PAH) is 15-60 patients per million adult populations,
with an incidence of 5-10 cases per million per year.
In Germany, the incidence of chronic thromboembolic
pulmonary hypertension is 4 per 1 million adults per
year10. Pediatric PH incidence ranges from 4-10 cases
per million children per year in Europe and 5-8 cases
per million in the USA12-14. A Dutch study reported an
annual incidence rate of 63.7 per million children15.
The clinical classification of PH has evolved to better
categorize conditions based on pathophysiological
mechanisms, clinical presentation, hemodynamics,
and management16. Notable changes include
additions to idiopathic pulmonary artery hypertension
(IPAH) subgroups and the inclusion of conditions like
pulmonary veno-occlusive disease/pulmonary capillary
haemangiomatosis (PVOD/PCH) and persistent PH of
the newborn (PPHN) in group 1 PAH17-19. Bedside
cardiovascular findings in PH patients are crucial
for assessing the severity of right heart failure. Key
indicators include blood pressure, resting heart rate,
jugular venous pressure (JVP), presence of right
ventricular heave, and palpable P220-22. Transthoracic
echocardiography is used for PH estimation, with
challenges in measuring right ventricular ejection
fraction due to its unique geometry23-25. Surrogate
measures of right ventricular function are used, with
peak tricuspid regurgitation velocity measured by
continuous-wave Doppler echocardiography being a
key indicator. Despite advancements in understanding
and managing PH, the condition remains incurable,
and its complex nature necessitates detailed clinical

evaluation for accurate diagnosis and treatment26-28.
The purpose of this analysis is to study the reliability
and accuracy of echocardiography in the measurement
of pulmonary artery pressures in comparison with
right heart catheterization for patients with pulmonary
hypertension.

n this prospective study conducted at Ibn-Albitar

specialty center for cardiac surgery in Baghdad from

June 2022 to May 2023, 150 patients were evaluated
for pulmonary hypertension (PH). Pre-capillary PH was
defined as a mean pulmonary artery pressure (mPAP)
> 20 mmHg and pulmonary vascular resistance (PVR)
= 3 woods units (WU) as per the European Society of
Cardiology (ESC) and World Symposium for Pulmonary
Hypertension-6 (WSPH-6) guidelines. Post-capillary PH
was characterized by mPAP > 20 mmHg and pulmonary
capillary wedge pressure (PCWP) >15 mmHg. Datawere
collected through direct interviews and questionnaires
after obtaining consent. Demographic characteristics
detailed medical history, and family history of PH were
recorded. EchoCardiography (TTE) was performed using
the G.E Vivid E9 echocardiography machine, estimating
right ventricular systolic pressure (RVSP) by adding
mean right atrial pressure (RAP) to the transtricuspid
pressure gradient (TPG), calculated using the modified
Bernoulli equation. TTE also assessed anatomical and
functional abnormalities indicative of PH. Right heart
catheterization (RHC) was performed under general or
local anesthesia through femoral access, measuring
various hemodynamic parameters. RHC was reserved
for patients with strong clinical suspicion of PH or those
with low probability PH by TTE but with consistent
symptoms or risk factors. The study included patients
of any age who voluntarily consented and had risk
factors for PH. Exclusions included patients refusing
RHC, those where tricuspid regurgitation couldn’t be
measured, and patients with complex heart anatomical
abnormalities. Statistical analysis was performed
using SPSS 29.0, with continuous data presented as
mean and standard deviation, and categorical data
as frequency and percent. The relationship between
estimated RVSP by TTE and RHC measurements was
assessed using Pearson correlation analyses. The
sensitivity, specificity, positive, and negative predictive
values of TTE in diagnosing PH were calculated using
RHC as the gold standard. A value of p < 0.05 was
considered statistically significant.
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150 patients in whom PH s
suspected underwent TTE and RHC.
They include 70 (46.7%) males and
80 (53.3%) females. The mean age (14.03+13.406), the
patients divided into three age groups including those
with age less than 6 years are 52(34%) patients in
which 24 (46.2%) males and 28 (53.8%) females, and
those ages between 6-18 years are 54 (36%) patients in
which 27 (50%) males and 27 (50%) females and those
more than 18 years are 44 (30%) patients in which 19
(43.2%) males and 25 (56.8%) females All these data
showing in table 1.

Table 1: Age and gender distribution of the study population.
Characteristics | (mean + SD)
Mean age | 14.03 £ 13.406
(years)
<6 years 24 (46.2) 28 (53.8) 52 (34%)
6 — 18 years 27 (50.0) 27 (50.0) 54(36%)
> 18 years 19 (43.2) 25 (56.8) 44(30%)
Total 70 (46.7) 80 (53.3) 150(100%)
Gender Male (n. %) Female (n. %) | Total

70 (46.7%) 80 (53.3%) 150 (100%)

The causes of PH in patients enrolled in this study
were CHD in 116 (77.4%) of cases, LHD in 17 (11.3%)
of cases and primary pulmonary hypertension in 17
(11.3%) of cases as seen figure 1.

Figure 1 causes of PH in patients

17(11.3%)

17(11.3%)

uPPH

116(77.4%) LHD

CHDv
Yo

The parameters measured by TTE and RHC were
evaluated and showed in means and standard deviations
including sPAP by TTE (67.13 +26.53) mmHg, mean
pulmonary artery pressure using early pulmonary valve
regurgitation (mPAP using PR) by TTE was (43.23
+18.8) mmHg, mean pulmonary artery pressure using
tricuspid valve regurgitation velocity (mPAP using TR)
by TTE was (39.67+16.44) mmHg, mean pulmonary
artery pressure using pulmonary artery acceleration time

(mPAP using PAAT) by TTE (39.75+15.79) mmHg, mean
right atrial pressure ( mRAP) by TTE was (6.45+3.16)
mmHg, mean pulmonary vascular resistance (mPVR) by
TTE was (4.53+2.69) WU, mean tricuspid regurgitation
jet velocity ( mTRV ) by TTE (2.47+0.739) m/s, mean
pulmonary artery acceleration time (mPAAT) by TTE was
(86.63+34.87) m/s, mean tricuspid annulus plane systolic
excursion (MTAPSE) was (17.81+2.799) mm, mean left
ventricular ejection fraction (MLVEF) was 53.5% (+6.48),
as shown in table 2.

Table 2: Mean values and standard deviations of TTE
parameters.

Echocardiography Mean (SD)
parameters

sPAP using TR (mmHg)
mPAP using PR (mmHg)
mPAP using TR (mmHg)
mPAP using PAAT (mmHg)

67.13 (+26.53)
43.23 (+18.8)

39.67 (+16.44)
39.75 (+15.79)

mRAP (mmHg) 6.45 (+3.16)
PVR (WU) 4.53 (+2.69)
TRV (m/s) 2.47 (+0.739)
PAAT (m/s) 86.63 (+34.87)
TAPSE (mm) 17.81 (x2.799)
LVEF (%) 53.5 (+6.48)

The RHC parameters including systolic pulmonary
artery pressure (sPAP) was (71.43+30.89) mmHg, mean
pulmonary artery pressure (mPAP) was (49.31+£22.7)
and mean pulmonary vascular resistance (mPVR) was
(8.74 £6.61) WU, these data demonstrated in table 3.

Table 3: Mean values and standard deviations of
RHC parameters.

RHC parameters Mean (SD)
sPAP (mmHg) 71.43 (£30.89)
mPAP (mmHg) 49.31 (£22.7)
PVR (WU) 8.74 (+6.61)

In this study we have shown that when compared to
sPAP by RHC; (98.91%) of those with a high probability
of PH by TTE had PH by RHC and (1.09%) no PH by
RHC, (97.2%) of those with an intermediate probability
of PH by TTE had PH by RHC and (2.8%) with no PH.
Strikingly, (36.36%) of patients with low probability of PH
by TTE had PH by RHC and (63.63%) with no PH with
significant P-value( P < 0.001) and when compared to
mPAP by RHC; (100%) of those with a high probability
of PH by TTE had PH by RHC and (0.0%) no PH by
RHC, (93.1%) of those with an intermediate probability
of PH by TTE had PH by RHC and (6.9%) with no PH,
(5.9%) of patients with low probability of PH by TTE had
PH by RHC (94.1%) with no PH with significant P-value(
P <0.001) as seen in table 4.
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Table 4: Number and percentage of patients with and without PH
by RHC according to low, intermediate and high probabilities of
PH by TTE.
Probability
of PH
based on
TRV
Parameter Low No. High ~ No. -value
(%) (%) P
sPAP by .
RHC <0.001
No PH 14 (63.63) | 1(2.78) 1(1.08)
PH 8 (36.36) 35 (97.2) 91 (98.91)
mPAP by -
RHC < 0.001
No PH 16 (94.1) 1(6.9) 0 (0.0)
PH 6 (5.9) 35 (93.1) 92 (100)

The validity of the diagnosis of PH by echocardiography

was assessed compared to right heart catheterization
as a gold standard. The validity was assessed by
measuring the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and
accuracy. The echocardiographic measurement of
sPAP showed (87.5%) sensitivity, (94%) specificity,
(63.6%) PPV, (98.4%) NPV, (93.3%) accuracy and
correlation (0.91) with significant p-value (< 0.001),
the echocardiographic measurement of mPAP (via
PR) showed (79%) sensitivity, (82.5%) specificity,
(63%) PPV, (78%) NPV, (83.3%) accuracy and
correlation (0.81) with significant p-value (< 0.001),
the echocardiographic measurement of mPAP(using
sPAP) showed (84.1%) sensitivity, (82.5%) specificity,
(61.5%) PPV, (89.2%) NPV, (82.7%) accuracy and
correlation (0.82) with significant p-value (< 0.001), the
echocardiographic measurement of mPAP(using PAAT)
showed (74.1%) sensitivity, (71%) specificity, (57.1%)
PPV, (79.2%) NPV, (71.3%) accuracy and correlation
(0.77) with significant p-value ( < 0.001 ) as shown in
table 5.

heart catheterization.

Table 5. Validity and correlation of echocardiographic parameters with parameters in right

Comparison
w i t h
parameters of
RHC
Echocardiography | Sensitivity Specificity PPV NPV Accuracy Correlation r
parameters (p value)
Estimation of Spap | 87.5% 94% 63.6% | 98.4% | 93.3% 0.91
(<0.001)
Estimation of 79% 82.5% 63% 78% 83.3% 0.81
mPAP (using PR) (< 0.001)
Estimation of 84.1% 82.5% 61.5% |89.2% |82.7% 0.82
mPAP (sPAP) (<0.001)
Estimation of mPAP | 74.1% 71% 571% | 79.2% | 71.3% 0.77
(using PAAT)
(<0.001)




In this study, we found correlation between the sPAP
(67.13+26.53 mm Hg) measured by TTE and sPAP
(71.43+30.89 mm Hg) measured by right-heart
catheterization. A strong correlation was found (r
= 0.91, p < 0.001). Also, correlation was observed
between mPAP (43.23+18.8 mm Hg) by TTE and mPAP
(49.31+22.7 mm Hg) by RHC (r = 0.80, p < 0.001) as
seen in table 6.

Table 6. Correlation of invasive and noninvasive methods

in the measurement of both sPAP and mPAP.

TTE RHC Correlation | P-vlue
mPAP 43.23 49.31 0.80 0.001
(mmHg) (x18.8) (x22.7)
sPAP 67.13 71.43 0.91 0.001
(mmHg) (x26.53) (x30.89)
his study examines the role of

echocardiography in assessing pulmonary

hypertension (PH) and its correlation with right
heart catheterization (RHC) measurements. The study
involved 150 patients diagnosed with PH using both
transthoracic echocardiography (TTE) and RHC. It was
observed that the majority of the cases were females,
aligning with findings from studies by Sohail et al.4 in
Pakistan and Griener et al.28 in America. The mean age
of the patients was 14.03+13.406 years, with the most
common age group being between 6-18 years. This
contrasts with the findings of Sohail et al.4 and Griener
et al.28, who reported different predominant age groups
in their respective studies. In terms of echocardiographic
parameters, the study recorded systolic pulmonary
artery pressure (sPAP) at 67.13+26.53 mmHg, mean
pulmonary artery pressure (mPAP) using tricuspid
regurgitation (TR) at 39.67+16.44 mmHg, and mPAP
using pulmonary artery acceleration time (PAAT) at
39.75+£15.79 mmHg. These results are closely related
to those found in a study conducted in the Kingdom
of Saudi Arabia by Soofi et al.29. Regarding RHC
parameters, sPAP was measured at 71.43+30.89
mmHg and mPAP at 49.31+22.7 mmHg. These results
are similar to those from a study in China by Wang et
al.30 but differ from a German study by Hammersting|
C. et al. 16, possibly due to differences in sample sizes.
The study also found that a significant percentage of
patients with high and intermediate probabilities of PH
by TTE were confirmed to have PH by RHC, supporting
findings from a UK study by Slegg et al.31. Non-invasive
sPAP measurement by TTE showed good correlation
with RHC, with sensitivity, specificity, and accuracy
aligning closely with findings from an American study
by Griener et al.28. In terms of mMPAP measurement by
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