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Abstract
Introduction: Patients with heart failure develop an

increase in pulmonary pressure because of a retrograde
mechanism. Pulmonary hypertension is a prognostic marker.

Objective: The aim of this study is to correlate pulmonary
hypertension measured by echocardiogram versus
catheterization in pre-heart transplant patients on the
waiting list. Methods: Data from 90 patients of the UFMG
Clinical Hospital was collected between 2004 and 2009. All
the patients took an echo and catheterization as an integral
part of pre-heart transplant. The mean age of the patients
was 45.5 years, and 68 (75.6%) were male. Forty-two (46.7%)
presented with Chagas’ disease, 32 (35.6%) presented
idiopathic dilated cardiomyopathy, and 10 (11.1%) had
ischemic cardiomyopathy.

Results: The mean eco-PASP was 45 (±12mmHg). The
mean cat-PASP was 47 (±14mmHg). The eco-PASP-Chagas
was 41.7 (±12.5) mmHg and non-Chagas 47.6 (±12.8) mmHg;
P = 0.04. The cat-PASP-Chagas was 46 (±12.1) mmHg and
non-Chagas 48.7 (±12.8) mmHg; P=0.43. Eight patients had
cat-PASP > 60. The correlation between eco-PASP and cat-
PASP in Chagas’ patients was r=0.45; P=0.008 and in the
non-Chagas was r = 0.66; P < 0.001. The eco-PASP-Chagas >
32.5 mmHg have a sensitivity of 79% and specificity of 75%
to diagnose PH, with an area under the curve of 0.819. The
eco-PASP-non-Chagas > 35.5 mmHg have a sensitivity of

82% and a specificity of 70% to diagnose PH, with an area
under the curve of 0.776.

Conclusions: There is a good correlation between eco-
PASP and cat-PASP (r=0.54) in pre-heart transplant patients.
The eco-PASP was lower in the Chagas’ group. The
echocardiogram is an important method to diagnosis and
control pulmonary pressure in pre-heart transplant,
specifically in Chagas’ patients. The catheterization is still
important to evaluate pulmonary reactivity during the
vasodilation test.

Descriptors: Pulmonary Hypertension, Pathology. Heart
transplantation. Catheterization.

Resumo
Introdução: O paciente com insuficiência cardíaca

desenvolve aumento da pressão pulmonar por mecanismo
retrógrado e a hipertensão arterial pulmonar (HP) é um
marcador de mau prognóstico.

Objetivo: Correlacionar pressão pulmonar ao
ecogardiograma (eco) e ao cateterismo, em pacientes em
lista de espera para transplante cardíaco (TC), especialmente
nos chagásicos.

Métodos: Avaliamos 90 pacientes no HC-UFMG entre
2004 e 2009. Todos realizaram cateterismo e eco no pré-
transplante. A idade média foi de 45,5 anos, sendo 68(75,6%)
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INTRODUCTION
 
The patient with end-stage heart failure (HF) often

develops increased pulmonary pressure by a retrograde
mechanism. Left ventricular dysfunction causes increased
end-diastolic pressure that is transmitted to the pulmonary
vascular bed by increasing venous pressure. As time
passed, vascular vasoconstriction and subsequent
restructuring occur, with pathological cellular proliferation
and intimal hypertrophy associated with fibrosis. Up to
one third of patients develop pulmonary arterial
hypertension [1].

Pulmonary hypertension (PH) is a marker of poor
prognosis in patients with HF. There is an increased
mortality in cases of heart transplant (HT) recipients. The
donated heart cannot tolerate the right pressure overload,
developing right ventricular dysfunction in the
postoperative period [1].

The evaluation of candidates for a heart transplant is a
rigorous process involving laboratory tests,
echocardiography (ECHO), and right cardiac catheterization
(cat), among others. PH, especially when irreversible, is
associated with increased morbidity and mortality after heart
transplant. Therefore, it is appropriate to identify and
exclude such individuals in the pre-transplant [2].

The heart failure clinical setting is more serious and
present a poor prognosis, especially in the context of Chagas’
patients [3,4]. Pulmonary hypertension has been often
associated with pulmonary and left ventricular dysfunction
in approximately 35% of the cases. The right ventricular
function, frequently compromised in patients in functional
class IV, is extremely dependent on the afterload and not
only of its own contractility [5]. Yock & Popp [6] demonstrated
the utility of the echocardiography in the assessment of
systolic pulmonary artery pressure in patients with PH.

In the present study, we evaluated the correlation
between measures of pulmonary pressure recorded by
transthoracic echocardiogram and the same measures
taken obtained by right heart catheterization performed
on patients on waiting lists for heart transplantation.  A
subgroup analysis of possible recipients with Chagas’
disease was particularly accomplished.

 
Objectives
The aim of this study was to determine the correlation

between measurements of pulmonary artery pressure by
transthoracic echocardiography performed in relation to
the hemodynamic study in patients who were candidates
to heart transplant and to verify the diagnostic accuracy of
the estimate pulmonary artery pressure by
echocardiography performed in patients with Chagas’
disease compared to other etiologies of HF. 

 
METHODS

From 2004 to 2009, 90 eligible consecutive patients on
the waiting list for a heart transplant were selected at the
Heart Failure Unit from the UFMG Clinics Hospital (Hospital
das Clínicas). All the patients underwent right heart
catheterization and echocardiography as a pre-transplant
assessment protocol for analysis of hemodynamic
parameters. These exams were performed with clinically
stable patients in use of oral medications to treat heart
failure. The clinical characteristics of the study population
are shown in Table 1.

Right Heart Catheterization
The hemodynamic study was carried out according to

the American Heart Association Guidelines [7]. The Swan-
Ganz catheter was introduced via a major peripheral vein,

homens, 42(46,7%) chagásicos, 32(35,6%) portadores de
miocardiopatia dilatada e 10(11,1%) isquêmicos.

Resultados: A eco-PSAP (pressão sistólica arterial
pulmonar) média foi de 45 ± 12mmHg. A cat-PSAP média foi
de 47 ± 14mmHg. A eco-PSAP-chagásicos foi 41,7 ±12,5 mmHg
e não-chagásicos, 47,6 ±12,8 mmHg P=0,04. A cat-PSAP-
chagásicos foi de 46 ±12,1 mmHg e não-chagásicos
48,7±12,8mmHg; P=0,43. Oito pacientes apresentavam cat-
PSAP>60. A correlação entre a eco-PSAP e o cat-PSAP nos
chagásicos foi r=0,45, P=0,008 e nos não-chagásicos de r=0,66,
P<0,001. A eco-PSAP-chagásico >32,5mmHg tem uma
sensibilidade de 79% e especificidade de 75% para
diagnosticar HP, com área sob a curva ROC de 0,819. A eco-
PSAP-não chagásico>35,5 mmHg tem sensibilidade de 82%

e especificidade de 70% para HP, com área sob a curva ROC
de 0,776.

Conclusões: Há boa correlação entre a eco-PSAP e a cat-
PSAP (r=0,54) entre os pacientes em fila de espera. A eco-
PSAP foi menor no grupo dos chagásicos. O ecocardiograma
é um método útil para diagnosticar e monitorar a pressão
pulmonar previamente ao TC, especialmente em pacientes
chagásicos. Entretanto, não é possível prescindirmos do
cateterismo para avaliar a reatividade pulmonar com o teste
com vasodilatador e indicar com segurança o TC mesmo nos
pacientes chagásicos.

Descritores: Hipertensão Pulmonar. Transplante de
coração. Cateterismo Cardíaco.
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usually left subclavian or left jugular vein and floated
under pressure waveform guidance with fluoroscopy,
sequentially through the superior vena cava, right atrium,
and tricuspid valve to reach the pulmonary artery. In this
position, the systolic, diastolic, and mean pressures were
measured, as well as the pulmonary capillary pressure,
the cardiac output and cardiac index, and the systemic
and pulmonary resistances. Pulmonary hypertension was
defined as cat-PASP > 30 mmHg or PVR > 3.5 UW. The
reversibility of the pulmonary hypertension was confirmed
with the use of nitroglycerin, at doses between 2 to 6 mg/
h, which was administered intravenously. Pulmonary
hypertension is considered fixed when the PVR does not
fall, at least, less than 20% of the baseline after the test
with the vasodilator [8].

 
Transthoracic Echocardiogram (Transthoracic

Echodopplercardiogram)
The images were obtained through an HP Sonos 5500

(Hewlett-Packard, Andover, MA, USA), with a 2.5 to 3.5
MHz transducer at the Hospital das Clínicas from the
UFMG. As imagens foram obtidas por intermédio do
aparelho Sonos 5500 (Hewlett-Packard, Andover, MA,
USA), com transdutor de 2,5 a 3,5 MHz, no Hospital das
Clínicas da UFMG. As previously established, the
echocardiograms were performed using the following
techniques: one-dimensional and two-dimensional
echocardiographies, pulsed and continuous Doppler
guided by color flow mapping [9,10].

At the two-dimensional study, the end-systolic and end-
diastolic volumes of the left ventricle and the ejection
fraction were calculated by the two- and four-chambers
apical section using the modified Simpson’s method, as
recommended by the American Society of
Echocardiography. This method consists in dividing the
left ventricle in multiple cylinders within known dimensions.
The total volume of the ventricle is obtained by summing
the volumes of the segments, without interference of the

Table 1. General characteristics of study patients stratified according to heart failure etiology

Variables
Clinical Parameters
Age (years)
Male (n/%)
Body Surface (m2)
Functional Class IV (n/%)
Systemic Congestion (n/%)
Heart Rate (bpm)
Systolic arterial Pressure (mmHg)
Diastolic arterial pressure (mmHg)
Echocardiographic Parameters 
Right ventricular diastole (mm)
Left ventricular systole (mm)
Ejection Fraction (%)
Diameter of left atrium (mm)
 PASP (mmHg)
Mild/severe dilation of RV 
Hemodynamic Parameters 
Right atrium pressure (mmHg)
PASP (mmHg)
MPAP (mmHg)
Mean aortic pressure (mmHg)
Pulmonary capillary pressure (mmHg)
PVR (dynas/seg/cm-5) 
RVP (woods)
Cardiac output (L/min)

Chagasic Cardiomyopathy
(n = 42)

48.0 (± 10.8)
 34 (81)

1.65 (± 0.1)
34 (81)
34 (81)

75.7 (± 16.4)
89.8 (± 12.1)
60.8 (± 5.4)

72.2 (± 9.3)
65.1 (± 6.5)
22.5 (± 6.5)
50.8 (± 6.0)

41.7 (± 12.5)
 26 (62%)

 13.8 (± 6.7)
46.0 (± 12.1)
30.7 (± 9.7)

75.5 (± 11.5)
22.4 (± 8.0)

237.6 (± 94.8)
2.9 (± 1.2)
3.1 (± 1.0)

Other diagnoses *
(n = 48)

42.5 (± 12.7)
34 (71)

1.72 (± 0.2)
35 (73)
37 (77)

80.3 (± 15.2)
93.8 (± 22.1)
63.8 (± 11.8)

70.4 (± 11.3)
61.6 (± 11.7)
23.7 (± 8.7)
5 2.1 (± 7.0)
47.6 (± 12.8)

27(56%)

12.8 (± 7.3)
48.7 (± 15.8)
33.3 (± 10.7)
80.0 (± 12.8)
22.7 (± 8.3)

314.4 (± 194.2)
3.9 (± 2.4)
2.8 (± 0.7)

P value

0.033
0.265
0.211
0.373
0.665
0.344
0.475
0.267

0.452
0.113
0.482
0.377
0.041
0.211

 0.526
0.431
0.272
0.144
0.894
0.030
0.030
0.368

* = There were thirty-two patients with idiopathic dilated cardiomyopathy, 10 with ischemic cardiomyopathy, 1 with
cardiomyopathy secondary to heart valve disease, 3 with other cardiomyopathies, such as peripartum,  chemical
substances and metabolic drugs,  and 2 because of not well defined cause.
PVR: Pulmonary vascular resistance (dynas/seg/cm-5) e woods
MPAP = Mean pulmonar artery pressure; PASP = Pulmonary artery sytolic pressure
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ventricular contour changes, such as aneurysms, or in face
of segmental alterations of contractility [11].

The right ventricle was evaluated mostly by the two-
dimensional echocardiography and its size expressed in
relation to the left ventricle. The presence of dilatation and
hypocontractility were evaluated through visual analysis
by the two-dimensional echocardiography [12].

The presence of tricuspid regurgitation was determined
by the Doppler color flow mapping. The measurement of the
maximum velocity of tricuspid regurgitation was used to
obtain the gradient between the right atrium and the right
ventricle through the modified Bernoulli equation (pressure
gradient = 4 x V2). The gradient thus obtained estimated
PASP using the formula: (PASP = 4 V2 + right atrial pressure).
For this calculation, the pressure in the right atrium was
considered in all the patients as being 10 mmHg [13].

 
Statistical Analysis 
Continuous variables are presented as mean ± SD and

categorical variables are presented as frequencies and
proportions.

Comparison between patients with Chagasic
cardiomyopathy with the other patients was assessed using
the Fisher’s exact test. The categorical variables were
compared using the chi-square test. Continuous variables
were tested with the Student’s t test or the Wilcoxon test.
To establish the correlation between pulmonary arterial
pressure measured by catheterization and
echocardiography was used Pearson correlation coefficient
or Spearman, as appropriate.

The diagnostic accuracy of echocardiography in
identifying PH was measured by the length of the area under
the ROC curve (receiver-operating characteristic), by
calculating the sensitivity and specificity. Statistical
analysis was performed using SPSS for Windows version
17 (SPSS Inc., Chicago, Illinois). We considered P < 0.05
statistically significant.

 
RESULTS

The mean age of the patients was 45.5 ± 12.07 yrs old
(interquartile range from 17 to 68), 75.6% (68) were male.
According to the etiology that led to heart failure, it was
observed that 42 (46.7%) patients had Chagas disease, 32
(35.6%) had idiopathic dilated cardiomyopathy, 10 (11.1%)
had ischemic cardiomyopathy and 6 patients presented
other diagnoses. Five of these patients had already had
one episode of pulmonary venous thromboembolism. All
the patients were in New York Heart Association functional
class III or IV, despite the optimized treatment for HF,
according to the guidelines of the Brazilian Society of
Cardiology [14].

Twenty-nine (32%) patients had some type of cardiac

pacing device. Eighteen patients underwent an insertion
of a conventional pacemaker and 11 patients who underwent
insertion of an implantable cardiac (cardioverter) defibrillator
(ICD). A total of 29 patients had electrodes in the right
chambers. Of these 29 patients with an intracardiac device,
11 (38%) had moderate or severe tricuspid insufficiency
compared with 31 patients without the device (51%), P =
0.082. Eco-PASP was 43.8 ± 11.1 mmHg in patients with the
device and 48.1 ± 14.8 mmHg in the patients without the
device (P = 0.201).

The mean ejection fraction was 23.12 (± 7.6%) with a left
ventricular diameter in diastole of 71 (± 10 mm) and a left
ventricular diameter in systole of 63 (± 10 mm). The mean
systolic pulmonary artery pressure by the
echocardiography (echo-PASP) was 45 ± 12 mmHg. The
average cat-PASP was 47 ± 14 mmHg.

The average eco-PASP in chagasic patients was 41.7 ±
12.5 mmHg and in group II was 47.6 ± 12.8 mmHg, P = 0.04.
The average cat-PASP in chagasic patients was 46 ± 12.1
mmHg and without Chagas’ disease was 48.7 ± 12.8 mmHg,
P = 0.43. Eight patients had cat-PASP > 60 (severe PH).
Eco-PASP could be measured in 79 patients (87.7%).

Fig. 1 - Correlation between ECHO PASP++ and CAT PASP+++ in
the chagasic group
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The correlation between the eco- and cat-PASP in the
chagasic group was r = 0.45, P = 0.008 (Figure 1) and of the
non-chagasic r = 0.66, P < 0.001. Sixty-three patients (70%)
had HP defined as PASP > 30 mmHg at the catheterization.
To set the value of eco-PASP that identifies patients with
HP, we used the ROC curve. A value of 32.5 mmHg PASP
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Fig. 2 - Overlap ROC curve of chagasic and non-chagasic patients

estimated by echo had a sensitivity of 79% with a specificity
of 75% to diagnose HP, with an area under the ROC curve
of 0.819 (Figure 2), which was obtained by stratifying
patients according to etiology of HF in patients with Chagas
disease. In the other patients, a value of 35.5 mmHg PASP
estimated by echo had a sensitivity of 82% with a specificity
of 70% to diagnose HP, with an area under the ROC curve
of 0.776.

 

Fig 3 - Correlation between ECHO PASP and CAT PSAP among
chagasic and non-chagasic patients

performed in Brazil, and it is increasing in numbers around
the world [16,17]. In our study, a value of echo-PASP of
32.5 mmHg had a sensitivity of 79% with a specificity of
75% to diagnose PH, with an area under the ROC curve of
0.819. Therefore, transthoracic echocardiography seems to
be a useful method to diagnose and specifically to monitor
pulmonary pressure prior to HT, particularly in patients
with Chagas disease.  

There was good correlation between the echo- and cat-
PASP (r = 0.54) when considering all patients in the waiting
list (chagasic and non-chagasic) (Figure 3). Echo-PASP was
lower in the chagasic group. This fact could be explained
by the most likely occurrence of right ventricular
dysfunction in chagasic cardiomyopathy, which could
underestimate the pulmonary pressure [18].

Conflicting results can be observed. The findings of
this study, however, contrast with those observed in other
studies. Given that both tests are typically conducted at
different times, hemodynamic changes may considerably
occur.  According to Attaran [2] and Fisher [19], even when
echocardiography and hemodynamic studies were
performed in a period of 24 hours and in one hour,
respectively, there was a poor correlation between its
results.

The Study Group for PH reported a correlation of 0.57
between echocardiography and hemodynamics to check
PH, which was similar to our findings [20]. The Group could
measure pulmonary pressure by tricuspid regurgitant jet in
86% of the patients. In our study, it was possible to perform
the measurement of pulmonary pressure by this method in
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DISCUSSION

Increased pulmonary pressure is one of the most
important predictors of death after a heart transplant. This
determines the importance of analyzing the pulmonary
arterial pressure and its reactivity in the pre-lung
transplantation period. Invasive studies of pulmonary
pressure are constituent of several research protocols at
different institutions. There are several methods available
that use Doppler in order to measure pulmonary artery
pressure. Although the hemodynamic study plays a major
confirmatory role in the diagnosis of PH, the disadvantages
of catheterization include high cost, its invasive nature and
not being free of risks [5,15].

Several studies have been designed to establish a
correlation between echocardiographic and invasive
pulmonary parameters. It would be highly desirable to
perform a noninvasive exam to diagnose and to follow up
of patients in the pre-HT, especially in patients with Chagas
disease, since this disease has a high percentage of HT
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87.7% of the cases. We must stress that the right atrial
pressure is estimated by clinical assessment of jugular
venous pulse, which can bring out a potential source of
error, especially in patients with Chagas disease, once they
have special characteristics of the right ventricle [21-23]. In
spite of many of these patients present some type of cardiac
pacing device, this seems not affect the prevalence of
tricuspid insufficiency and pulmonary pressure
measurement [21].

The study carried out by Attaran [2] evaluated the
pulmonary artery systolic pressure measured by
transesophageal echocardiography and compared with the
measurements obtained by hemodynamic pathway through
the catheterization of the right heart. This author found a
low correlation between these measures in patients with
ischemic and non-ischemic cardiomyopathy. On some
occasions, a difference of up to 20 mmHg is reported.

Fisher et al. [19] concluded in their study that
transthoracic echocardiography is often ineffective in
estimating pulmonary pressure. There was a statistically
significant difference (> 10 mmHg) between
echocardiographic and hemodynamic measurements in 48%
of patients.

This study has some limitations. It is a retrospective
study. The echocardiogram and hemodynamic assessment
were performed at different times. However, our
observations regarding the patients with Chagas disease
had not yet been described.

We must stress the importance of the hemodynamic
study, and we identified as many other authors had, the
limitations related to the echocardiogram in the setting of
HF and the measurement of PH, especially in Chagas
patients who seem to present right ventricular dysfunction
more frequently. It has been reported in the literature
several measurements using the Doppler effect to assess
the pulmonary artery hemodynamics. According to some
authors in the future there will be the replacement of the
cardiac catheterization by echocardiographic
measurements [24].

Many patients cannot tolerate the hemodynamic
examination due to arterial hypotension and arrhythmias.
Besides, they may be in oral anticoagulant for atrial
fibrillation and/or embolic events, which could increase
the morbidity of catheterization. Despite these facts, it is
not yet possible to leave this exam aside, because it is
vital to assess the pulmonary reactivity by testing it with
the vasodilator and take the patient safely to heart
transplant.
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