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Abstract
Purpose: Studies in the context of research have shown a signi�cant disagreement between the
echocardiographic measurement of the systolic pulmonary artery pressure (sPAP) and right atrial
pressure (RAP) and that obtained by right heart catheterization (RHC). We compare measurements of
sPAP and RAP, veri�ed by transthoracic echocardiogram (TTE) with those detected by RHC in patients
being investigated for pulmonary hypertension (PH).

Methods: Cross-sectional study was performed in a context of usual clinical practice in the public referral
center for PH, including patients with high or intermediate echocardiographic probability of pulmonary
arterial hypertension and chronic thromboembolic PH. Bland-Altman test was used to assess the
agreement amongthe values and ROC curve to identify sPAP and tricuspid regurgitation velocity (TRV)
values   with better accuracy. Clinically acceptable differences of 10 mmHg for sPAP and 5 mmHg for RAP
were considered.

Results: Ninety-�ve patients were included. The Bland-Altman analysis showed a bias of 8.03 mmHg for
sPAP and -3.30 mmHg for RAP. Area under the curve for sPAP and TRV measured by TTE were 0.936(95%
CI: 0.836-1.0) and 0.919(95% CI: 0.837-1.0), respectively. According to the pre-de�ned pressure
differences, only 33.4% of the echocardiographic estimate of sPAP and 55.1% of RAP were accurate, as
compared to the measurements obtained by RHC.

Conclusions: Real life study revealed that echocardiographic evaluation demonstrated a high
discriminatory power for diagnosis of PH, but sPAP and RAP measurements showed signi�cant
disagreements in relation to hemodynamic measures. The technical improvement of diagnostic services
may contribute to the earlier recognition of this condition by TTE.

Introduction
Pulmonary hypertension (PH) is characterized by an increased pulmonary arterial resistance, and it is
currently de�ned by the presence of mean pulmonary artery pressure (mPAP) higher than 20 mmHg and
pulmonary vascular resistance (PVR) higher than or equal to 3 UW, as directly measured in the pulmonary
artery by right heart catheterization (RHC) [1]. This condition causes increased afterload of the right
ventricle, resulting in hypertrophy, cavity dilation with reduction in contractility, which ultimately lead to
right-sided heart failure and death. PH represents a factor of worse prognosis, although with variable
survival time, depending on the underlying disease [1, 2]. The recommended diagnostic procedures aim at
detecting the associated conditions for which speci�c therapeutical measures should be indicated. A
transthoracic echocardiogram (TTE) should be performed in all clinically suspected cases of PH. Among
the data obtained, the tricuspid regurgitation maximal velocity (TRV) and, subsequently, the estimated
systolic pulmonary artery pressure (sPAP) constitute essential parameters for con�rmation of the
suspected condition, being criteria taken into consideration for recommendation of a RHC [3, 4].
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Studies made in the context of research protocols have shown a signi�cant disagreement between the
echocardiographic measurement of the sPAP and that obtained by RHC, resulting in either
underestimation or overestimation of such measurements. This leads to di�culties in the diagnosis of
PH and consequent delays in its management [5–7]. However, the magnitude and direction of such
disagreement have not been veri�ed within the context of the usual clinical practice of PH diagnosis. For
this speci�c analysis, observational or pragmatic assessments have been used to evaluate the accuracy
of different methods for PH assessment in the usual clinical practice, aiming at achieving more
representative data in a non-strictly selected population [8, 9].

This study was design to assess the agreement between initial measurements of sPAP and right atrial
pressure (RAP) made by both TTE and RHC in patients referred for PH evaluation in clinical practice of
the Brazilian National Health System (Sistema Único de Saúde - SUS) for diagnosis of PH prior to the
beginning of the speci�c treatment.

Methods

Study population
It is a cross-sectional study involving patients referred for the Pulmonary Circulation Unit of Hospital das
Clínicas of the Federal University of Minas Gerais (HC/UFMG), a local PH reference center, in Belo
Horizonte, Minas Gerais, in the period from September, 2004 to April, 2015.

It includes all 18-year-old or older patients, who were evaluated in an ambulatory basis, and had a clinical
and laboratory suspicion of pulmonary arterial hypertension (PAH) or chronic thromboembolic pulmonary
hypertension (CTEPH), a high or intermediate probability by TTE of pulmonary hypertension and who
underwent RHC to con�rm diagnosis. A maximum 6-month interval was established between the TTE and
the RHC.

Patients with diagnosis of PH due to left heart disease (group 2), associated with pulmonary diseases
and/or hypoxemia (group 3) and with unclear and/or multifactorial mechanisms (group 5) were not
eligible for this study, since RHC is not usually indicated for the diagnosis of patients with pre-de�ned
criteria for these PH groups [1, 3].

This study was approved by UFMG’s Research Ethics Committee (ETIC nr. 1.057.219/2015), and all
participants who agreed to participate signed the Term of Informed Consent.

Echocardiography and right heart catheterization
TTE and RHC examinations were requested according to the protocol and performed in health care units
authorized by SUS’s municipal public system.

The evaluation by TTE took into consideration echocardiographic variables suggestive of PH, the peak of
TRV, the RAP and the sPAP, estimated by the modi�ed form of Bernoulli’s equation: sPAP = 4TRV² + RAP.
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The RAP was estimated during the inspiratory maneuver as follows: for diameter of the inferior vena cava
(IVC) smaller than 2.1cm associated with its collapse > 50%, estimated RAP = 3mmHg (0-5mmHg); for
diameter of the IVC larger than 2.1cm with its collapse < 50%, RAP = 15mmHg (10-20mmHg). An
intermediate value of 8mmHg (5-10mmHg) was used when these criteria were not met [4, 10].

Other echocardiographic parameters suggestive of PH were the presence in at least two of the following
three categories: the ventricles (right ventricle/left ventricle basal diameter ratio > 1 and/or �attening of
the interventricular septum); the pulmonary artery (acceleration time in the pulmonary artery < 105ms
and/or increased pulmonary regurgitation velocity > 2.2m/sec and/or increased diameter of pulmonary
artery > 25mm); and the IVC and right atrium (diameter of the IVC larger than 2.1cm associated with its
collapse < 50% and/or area of the right atrium > 18 cm²) [1, 3–4, 10].

The probability of being diagnosed with PH was considered high in patients presenting TRV > 3.4m/s or
TRV between 2.9 and 3.4 m/s with other echocardiographic signs. This probability was considered
intermediate when the TRV was between 2.9 and 3.4 m/s with no other signs, or TRV ≤ 2.8m/s with other
additional signs [1]. These data were obtained from SUS’s database, medical records and examination
results.

Diagnosis of PH was con�rmed when RHC done in the HC-UFMG found a mPAP equal to or higher than
25mmHg at rest, based on the international guidelines at the time of this study [3]. Brie�y, RAP (mmHg),
sPAP (mmHg) and mPAP (mmHg) and PAWP (pulmonary arterial wedge pressure, mmHg) were recorded
at the end of a normal expiration. Cardiac output (CO, L/min− 1) was calculated based on the indirect Fick
method, which estimates the oxygen uptake (VO2, ml/min) and the cardiac index (CI, L·min− 1·m− 2)
should be calculated as the ratio of CO to body surface area. The PVR was calculated as PVR = (mPAP-
PAWP)/CO. All measurements were obtained with reference to the zero level at the mid-thoracic line [11].

Statistical analysis
Data distribution has been established according to the Shapiro-Wilk test. This way, data have been
presented as frequency and percentage, mean (standard deviation) or median (interquartile range). The
agreement of values between the RHC and the TTE has been analyzed by the Bland-Altman plot and the
coe�cients of variation (CV) and repetition (CR) [12–14]. The estimated bias (average of differences in
the measurements of sPAP and RAP between the TTE and the RHC) and its standard deviation (SD) and
the 95% agreement limits have been calculated for preparation of the Bland-Altman plot [12, 13]. This
method evaluates the measurement error, calculated by dividing the standard deviation of the average
differences by the square root of two [14]. The CV is a dispersion measurement that describes the
amount of data variability related to the mean, and it has been calculated by the formula: CV = SD of the
average difference of the measurements made by TTE and by RHC / mean of the averages of these
measurements multiplied by 100 [13]. The CR shows the expected variation of the results for 95% of the
repeated measurements, calculated as follows: CR = SD of the average difference of the measurements
made by TTE and by RHC multiplied by 1.96 [12].
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The ROC curve was used to determine sPAP and TRV cut-off values for the diagnosis of PH. Differences
of 5mmHg for RAP and 10mmHg for sPAP between the TTE and the RHC were considered as clinically
acceptable [5].

The sample power has been calculated by the paired t-test to allow evaluation of the agreement of the
sPAP measurements between the TTE and the RHC, by using the Minitab Release 14 statistical package.
The sample from 90 patients obtained an 80% statistical power in the estimate of the actual difference in
the sPAP measurements between the TTE and the RHC, assuming a clinically acceptable difference of
10mmHg, with a signi�cance level of 0.05. A p level lower than 0.05 was considered signi�cant for all the
analyses. This analysis has been made in the Statistical Package for the Social Sciences, SPSS18.

Results
Ninety-�ve patients were consecutively admitted in the HC/UFMG reference center and met the inclusion
criteria in the study period. One patient was excluded because it was not possible to retrieve the sPAP and
RAP measurements from the TTE preceding the RHC. Five patients had no con�rmed diagnosis of PH by
RHC. The mean age was 47.6 ± 14.5years old (range from 18 to 79 years old), most of them (69.4%)
women and in functional class III (42.1%). Fifty-six patients (62.9%) were diagnosed with PAH and 33
(37.1%) with CTEPH. No patient was being submitted to speci�c therapy for PH at the time of the
examinations (Table 1).
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Table 1
Demographic, Clinical, Doppler Echocardiography and Hemodynamic Characteristics of the Study

Population (n = 95)
Age, mean ± SD, y 47.6 ± 14.5

Women, n (%) 66 (69.4%)

FC NYHA, n (%)

I

II

III

IV

 

8 (8.4%)

37 (38.9%)

40 (42.1%)

10 (10.5%)

PH prevalence

No PH, n(%)

PH, n (%)

 

5 (5.2%)

90 (94.8%)

Interval between noninvasive and invasive measurement, median (IQR), days 104 (62–153)

PAH, n (%)

Schistosomiasis

Idiopathic

Congenital heart disease

Connective tissue disease

Portopulmonary hypertension

HIV

CTEPH – n (%)

56 (62.9%)

19 (33.9%)

14 (25%)

9 (16.1%)

8 (14.8%)

4 (7.1%)

2 (3.6%)

33 (37.1%)

Data are given as mean ± SD or median (IQR: interquartile range). CI: cardiac index; CTEPH: chronic
thromboembolic pulmonary hypertension; FC: functional class (New York HeartAssociation); HIV:
human immunode�ciency virus; mPAP: mean pulmonary arterial pressure; PAH: pulmonary arterial
hypertension; PAWP: pulmonary arterial wedge pressure; PH: pulmonary hypertension; PVR:
pulmonary vascular resistance; sPAP: systolic pulmonary arterial pressure; RAP: right atrial pressure;
TAPSE: tricuspid annular plane systolic excursion; TRV: tricuspid regurgitation velocity.
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Age, mean ± SD, y 47.6 ± 14.5

Transthoracic echocardiogram

sPAP, mean ± SD, mmHg

RAP, mean ± SD, mmHg

TRV, mean ± SD, m/s

TAPSE, median (IQR), mm

Pericardial effusion, n(%)

 

79.9 ± 24.7

12.9 ± 4.7

3.78 ± 0.71

16 (15–18)

11 (12%)

Right heart catheterization

sPAP, mean ± SD, mmHg

mPAP, mean ± SD, mmHg

RAP, mean ± SD, mmHg

PAWP, median (IQR), mmHg

CI, median (IQR), L.min− 1.m− 2

PVR, median (IQR), Wood units

 

87.6 ± 27.2

70.2 ± 14.4

9.6 ± 5.6

10.0 (9.2–12.4)

2.46 (1.71–3.36)

6.6 (5.1–8.2)

Data are given as mean ± SD or median (IQR: interquartile range). CI: cardiac index; CTEPH: chronic
thromboembolic pulmonary hypertension; FC: functional class (New York HeartAssociation); HIV:
human immunode�ciency virus; mPAP: mean pulmonary arterial pressure; PAH: pulmonary arterial
hypertension; PAWP: pulmonary arterial wedge pressure; PH: pulmonary hypertension; PVR:
pulmonary vascular resistance; sPAP: systolic pulmonary arterial pressure; RAP: right atrial pressure;
TAPSE: tricuspid annular plane systolic excursion; TRV: tricuspid regurgitation velocity.

The data from the TTE and from the RHC are described on Table 1. In the TTE, the mean sPAP was 79.9 
± 24.7mmHg and the RAP was 12.9 ± 4.7mmHg, whereas sPAP and RAP was 87.6 ± 27.2mmHg and 9.6 ± 
5.6mmHg, respectively, in the RHC.

A statistically signi�cant bias was veri�ed between both examinations regarding the sPAP measurement
(8.0 ± 21.9mmHg), as shown in Fig. 1. Regarding the agreement parameters (Table 2), the measurement
error was of 15.5mmHg, the CV was of 26% and the CR was of 42.9mmHg.
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Table 2
sPAP and RAP Measurements on Transthoracic Echocardiogram and Right Cardiac Catheterization and

their Reproducibility
Variables sPAP RAP

Average of measurements in TTE, mmHg 79.9 ± 24.7 12.9 ± 4.7

Average of measurements in RHC, mmHg 87.6 ± 27.2 9.6 ± 5.6

Average of differences, mmHg 8.0 ± 21.9 -3.3 ± 6.4

95% agreement limits (mmHg) -34.9 to 50.9 -15.9 to 9.3

Measurement error (mmHg) 15.5 4.6

Coe�cients of variation (%) 26 57

Coe�cients of repetition (mmHg) 42.9 12.7

Data are given as mean ± SD. sPAP: systolic pulmonary arterial pressure; RAP: right atrial pressure;
RHC: right heart catheterization; TTE: transthoracic echocardiogram.

Figure 2 and Table 2 show the agreement parameters between the RAP measurements in the TTE and in
the RHC, with a signi�cant bias of -3.3 ± 6.4mmHg (95% IC:-15.9 to 9.3).

The ROC curve presented a high discriminatory power, with area under the curve of 0.936 (95%IC: 0.84-
1.0) for sPAP and of 0.919 (95%IC: 0.84-1.0) for TRV, measured by the TTE, and cut-off point of 48mmHg
(sensitivity = 0.907, speci�city = 1.0, negative predictive value (NPV) = 0.286 and positive predictive value
(PPV) = 1.0) and 3.075m/s (sensitivity = 0.907, speci�city = 1.0, NPV = 0.333 and PPV = 1.0), respectively,
for diagnosis of PH (Fig. 3).

By using the de�nition of measurement accuracy for sPAP (variation up to 10mmHg) and RAP (variation
up to 5mmHg) in the TTE compared to the RHC, only 55.1% of the estimates of RAP and 33.4% of the
estimates of sPAP were accurate (Fig. 4). TTE underestimated the sPAP values by 41.5% versus 25.1%
(-30.4 ± 10.2 versus 15.2 ± 8.9mmHg; p = 0.04) and overestimated the RAP values by 33.7% versus 11.2%
(11.3 ± 4.8 versus − 8.4 ± 3.7mmHg; p = 0.03) in cases with difference above the clinically acceptable one.
An illustration of echocardiographic evaluation of estimated sPAP and RAP in a patient with
schistosomiasis associated pulmonary arterial hypertension and the difference of these measurements
in the RHC are provided in Fig. 5.

Discussion
This study including patients with suspected PH referred to a referral care centre, echocardiographic
evaluation demonstrated a high discriminatory power for diagnosis of PH. Compared with the gold-
standard invasive method, there are disagreements between sPAP and RAP measurements, which is
similar to the results of other studies within controlled research contexts [5–7].
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The diagnostic threshold of mPAP for the de�nition of chronic PH has been lowered from ≥ 25 mmHg to
> 20 mmHg [1, 15]. This change is based on an increasing body of evidence demonstrating that even mild
elevations of pressure have prognostic value. Echocardiography remains the most appropriate approach
for the prediction of PH. Gall and colleagues a�rm that decreasing the lower limit of TRV does not
improve the diagnostic yield of echocardiography for PH and provides key evidence reinforcing the
clinical value offered by composite echocardiographic parameters in patients inclusive of mild PH [15].

The population presented in this study represents all patients evaluated at the referral center Pulmonary
Circulation Unit of Hospital das Clínicas of Federal University of Minas Gerais who were indicated to
undergo RHC for diagnosis of PAH and CTEPH consecutively in the period of this study. The sample had
a larger number of patients with PAH (62.9%) than those with CTEPH (37.1%). Differently from the
international reports, schistosomiasis was the most prevailing etiology, as already expected [16–19]. It
results from the high prevalence of schistosomiasis in some regions of Brazil, particularly in the state of
Minas Gerais, where its occurrence is endemic [20]. The average age of the patients and most of them
being women, similarly to the available records from other countries, suggests that this prevalence does
not depend on location and gender [18, 19]. Similarly to international reports, most of the patients were in
FC III and IV (52.6%), demonstrating a delay in the recognition of this disease yet, which morbimortality is
high [17, 18]. As there is a higher screening of the cases for which the RHC is indicated in the PH
reference centers, the number of patients who were not de�nitely diagnosed with PH was very small
(5,2%).

Comparison between echocardiographic and invasive
hemodynamic measurements of pulmonary pressure
The accuracy of the TTE in providing the diagnosis of PH has been evaluated since the 80’s, as it is a
largely available, low-cost, non-invasive procedure. Yock and Popp (1984) demonstrated a good
correlation of the measurement of sPAP by modi�ed Bernoulli’s equation between the TTE and the RHC in
54 patients (r = 0.93, SEE = 8mmHg) [21]. Other authors have also demonstrated a strong correlation
between these measurements [22–24].

However, the agreement between two measurements evaluated by the usual correlation methods can be
inaccurate [12]. Fisher et al used the Bland-Altman method that is considered more appropriate for
accuracy measurements and found a signi�cant bias of the TTE to estimate the sPAP (-0,6mmHg; range
of 95% agreement: -40.0 to 38.8mmHg) in 65 patients within a maximum one-hour interval between TTE
and RHC [5]. Other two studies have reported similar results with the bias ranging from 2.2mmHg to
8mmHg in the estimation of sPAP by TTE (range of 95% agreement: -34.2 to 38.6mmHg and − 28.4 to
44.4mmHg) as compared to the RHC measures [6, 7]. Data from the REVEAL registry showed a low
accuracy of the initial TTE in 57.4% of sPAP estimates (> 10mmHg higher or lower than RHC) and in
36.5% of RAP estimates (> 5mmHg higher or lower than RHC) in examinations made within a maximum
12-month interval [7].
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Other authors have demonstrated a better agreement between measurements of sPAP, but the level of
agreement on the difference on the mean rather was large, indicating just moderate precision of the
echocardiographic measurements [25–28]. D’Alto M et al found no signi�cant bias (-0,5mmHg) between
TTE and RHC estimates of sPAP with wide limits of agreement (-19mmHg to 18mmHg) [25]. Differently
from other studies, RHC was indicated for reasons other than PAH (PAH: 36%; pulmonary venous
hypertension: 40%; lung disease PH: 16%). Greiner et al have made a retrospective, single-center study
including a larger sample of patients (n = 1695) and a maximum of 5 days interval between the
examinations indicated due left heart disease (59%), valve disease (27%) and PAH (6%) [26]. They found
a mean sPAP of 45.3 ± 15.5mmHg by TTE and 47.4 ± 16.4mmHg by RHC, showing a strong correlation
between measurements of sPAP (r = 0.87; p < 0.0001) and RAP (r = 0.82; p < 0.0001). The Bland-Altman
analysis has shown a − 2mmHg bias for sPAP (95% agreement limits: -18.1 for 14.1mmHg) and a
1mmHg bias for RAP (95% agreement limits: 0.1 for 1.9mmHg) [26]. Doutreleau et al have studied
prospectively 106 patients with suspected or con�rmed PH, simultaneously submitted to both methods
[27]. PH was not con�rmed in 16.9% of the patients, 10.4% were diagnosed with post-capillary PH and
72.7% with pre-capillary PH. The correlations were strong (for sPAP: r = 0.84; for RAP: r = 0.70) and the
Bland-Altman analysis showed a signi�cant bias of 1.4mmHg for sPAP (range of 95% agreement: -22.6
to 25.4mmHg) and 1.9mmHg for RAP (range of 95% agreement: -6.1 to 9.9mmHg) [27]. Another study
included consecutive patients with indication of RHC (PAH and CTEPH: 40%; heart failure: 42%) and a
maximal of 3 hours interval between TTE and invasive measurements, revealed too minimal bias (mean
bias = + 2,4mmHg) between echocardiographic and invasive sPAP measure, but with wide limits of
agreement (-20 to + 25mmHg) [28].

Three meta-analysis and a systematic review evaluated the accuracy of the estimation of sPAP by TTE
[29–32]. However, the �ndings were not consistent because a signi�cant heterogeneity among these
studies due to inclusion of participants without disease, other with left and right heart disease, and to the
use of correlation analysis by most of them, which is less appropriate as an agreement measurement.

Although the non-invasive evaluation by TTE is recommended by current guidelines, the agreement
between these methods is still debated. As far as we know, no published Brazilian study has made this
evaluation in adult patients with suspected diagnosis of PAH and CTEPH in the context of daily clinical
practice. The present study showed a high discriminatory power of the sPAP and TRV measured by the
TTE to diagnosis of PH, although the cut-off points of 48mmHg for sPAP and 3.08m/s for TRV have low
NPV, which would limit them as screening values. Besides that, it showed a statistically signi�cant bias
for sPAP (8.0; limits of agreement:-34.9 to 50.9) and for RAP (-3.3; limits of agreement:-15.9 to 9.3). There
was lesser variability between the duplicated measurements for sPAP (CV = 26%) than between those for
RAP (CV = 57%). By using a clinically acceptable difference of 10mmHg for sPAP and 5mmHg for RAP,
only 33.4% of the echocardiographic estimate of sPAP and 55.1% of that for RAP were accurate, similarly
to the results found by Fisher et al [5] (sPAP: 52%), Rich et al [6] (sPAP: 49.4%) and REVEAL analysis [7]
(sPAP: 42.6% and RAP: 63.5%). This was in disagreement with the prospective study developed by
Doutreleau et al [27] and Venkateshvaran et al [28], in which the measurements of sPAP were accurate in
68% and 62% of the patients, respectively and the measurements of RAP in 79% of the patients [27].
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Additionally, in present study the TTE underestimated the sPAP values and overestimated the RAP values
with higher frequency (sPAP: 41.5% versus 25.1%; RAP: 33.7% versus 11.2%) and magnitude (sPAP: -30.4 
± 10.2 versus 15.2 ± 8.9mmHg; RAP: 11.3 ± 4.8 versus-8.4 ± 3.7mmHg), with disagreeing values higher
than 10mmHg and 5mmHg, respectively. Fisher et al have found no difference in this frequency, but the
sPAP values have been more underestimated than overestimated (-30 ± 16 versus19 ± 11mmHg; p = 0.03)
[5]. Data from Rich et al [6] and REVEAL registry [7] have also demonstrated that sPAP values were
underestimated by 30% and 20.6% in the TTE and by 34.8% and 22.5%, respectively, and overestimated
RAP values (26.3% versus 12.4%) [7]. These results illustrate how di�cult it is to evaluate the severity of
the PH and to stratify its risk using TTE, since the invasive RAP obtained by RHC is a well known
prognostic variable [3, 28, 33].

The limitations of this study should be taken into consideration. As it is an observational cross-sectional
study, the TTE and RHC examinations have not been performed simultaneously, but at a 3.3month
average interval between them, within the context of the clinical practice regulated by the local public
health authority. This way, the expected variability between equipment used and examiners should be
taken into account, once the TTE examinations have been performed in different SUS’s cardiology units.
However, this study had the purpose of evaluating the consistency of the TTE as a screening test for the
diagnosis of PH out of the controlled research environment. In view of that, a result lower than those
reported in the literature was expected. So, these results are important as they express the differences
between measurements by both methods and re�ect limitations of the methods themselves, patient
characteristics and the expertise of operators in the local current practice of diagnosis of PH [4, 10, 32].

As a conclusion, the initial echocardiographic evaluation of patients with suspected of PH in the context
of clinical practice showed a high discriminatory power for diagnosis of PH and the disagreements
between sPAP and RAP measurements reinforces TTE as a valid screening tool and the need of RHC
measurements to con�rm the diagnosis. The technical improvement of these procedures and a better
interaction among the professionals involved in the evaluation of these patients may contribute to an
even better accuracy of the TTE for an earlier recognition of this condition.
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Figure 1

Bland-Altman Plot of Systolic Pulmonary Arterial Pressure Measured on Transthoracic Echocardiogram
and Right Heart Catheterization. LLA: lower limit of agreement; sPAP: systolic pulmonary arterial pressure;
RHC: right heart catheterization; TTE: transthoracic echocardiogram; ULA: upper limit of agreement
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Figure 2

Bland-Altman Plot of Right Atrial Pressure Measured on Transthoracic Echocardiogram and Right Heart
Catheterization. LLA: lower limit of agreement; RAP: right atrial pressure; RHC: right heart catheterization;
TTE: transthoracic echocardiogram; ULA: upper limit of agreement
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Figure 3

Roc Curve Analysis and Accuracy of sPAP and TRV in Transthoracic Echocardiogram to Predict
Pulmonary Hypertension. AUC: area under the curve; NPV: negative predictive value; PPV: positive
predictive value; sPAP: systolic pulmonary arterial pressure; TRV: tricuspid regurgitation velocity; TTE:
transthoracic echocardiogram.
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Figure 4

Differences Clinically Acceptable for sPAP and RAP Between the Transthoracic Echocardiogram and the
Right Heart Catheterization. sPAP: systolic pulmonary arterial pressure; RAP: right atrial pressure.
*Differences of 5mmHg for RAP and 10mmHg for sPAP between the transthoracic echocardiogram and
the right heart catheterization have been considered as clinically acceptable.

Figure 5

Disagreement Between Systolic Pulmonary Artery Pressure and Right Atrial Pressure Measurements
Performed Using TTE and RHC in a Patient with Schistosomiasis Associated Pulmonary Hypertension.
IVC: inferior vena cava; IVS: interventricular septum; RA: right atrium; RHC: right heart catheterization; RV:
right ventricle; sPAP: systolic pulmonary arterial pressure; TTE: transthoracic echocardiogram.


