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A precise evaluation of pulmonary pressure is of fundamental importance in the diagnosis and management of patients
with pulmonary hypertension (PH). Doppler echocardiography is a low cost, non-invasive method that is widely used
for anatomical and functional assessment of the right cardiac chambers and estimation of pulmonary pressure and the
hemodynamic data obtained correlates well with that obtained through cardiac catheterization. Although the most
appropriate and common technique for determining pulmonary pressure is measurement of the gradient between right
ventricle and right atrium through tricuspid regurgitation, it can also be determined by analysis of pulmonary
regurgitation or systolic pulmonary flow. When transthoracic echocardiography does not provide adequate viewing,
transesophageal echocardiography is an excellent option, allowing for high quality imaging of cardiac structures and
detection of some PAH-related disorders. In the literature, the role of echocardiography in the diagnosis of PAH, as
well as in therapeutic and prognostic evaluation has been well established. In pulmonary thromboembolism patients,
right ventricular dysfunction, an important indicator for thrombolytic therapy, can be detected using echocardiography.
In addition, echocardiography is currently being widely used for monitoring therapeutic response in patients with
primary PH, in the assessment of chronic obstructive pulmonary disease and in the follow up of lung transplant
patients.
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Abbreviations used in this paper:

RA - Right atrium

PH - Pulmonary hypertension

PAP - Pulmonary arterial pressure

RV - Right ventricle

LV - Left ventricle

COPD - Chronic obstructive pulmonary disease
INTRODUCTION

Pulmonary hypertension (PH) can be defined as the hemodynamic state caused by various pathological
processes that result in increased pulmonary arterial pressure (PAP). According to The National Institutes of
Health, PH is defined as an at-rest systolic PAP higher than 30 mmHg or an average at-rest PAP over 20
mmHg.” Understanding PAP levels is fundamental to the proper care of patients, regardless of the etiology of
their condition. Historically, only cardiac catheterization allowed adequate gauging of PAP, and noninvasive
methods had low diagnostic sensitivity and significant limitations. The advent of M-mode and two-
dimensional echocardiography — later used in combination with Doppler echocardiography — overcame such
limitations, and became the method of choice for PH diagnosis.



PHYSIOLOGY OF PULMONARY CIRCULATION

The pulmonary circulatory system is composed of three different components: pulmonary, bronchial and
lymphatic. The chief function of the pulmonary component — composed of pulmonary arteries and veins — is
to recondition the blood by gas exchange at the alveolar-capillary level, storing approximately two-thirds of
the systolic flow of the right ventricle (RV). The bronchial is composed of arteries that are responsible for the
nutrition of the muscular and elastic supporting tissues of the lung and feed into pulmonary veins which, in
turn, feed into the left atrium. The lymphatic component plays an important role in the removal of particles
that penetrate the alveoli and of protein exudate from capillaries. Normally, pulmonary pressures are reduced,
mainly due to the great transversal section area of the pulmonary circulation, which results in low resistance
and pressure. Conversely, in the bronchial system, pressure is systemic, resistance is high and blood flow is
reduced. Some conditions that appear immediately after birth influence the dynamics of the relation between
pulmonary pressure and resistance. Such conditions include, primarily, closure of the ductus arteriosus during
gestation, increased oxygen saturation, progressive elevation in systemic vascular resistance, and changes in
the ability to suppress nervous reflexes triggered by mechanical or chemical stimuli. The chemical stimuli are
either produced in the lungs (bradykinin, serotonin, prostaglandin, and others) or mediated by the
parasympathetic nervous system.”

DEFINITION AND ETIOPATHOGENESIS

In healthy individuals, systolic PAP varies from 18 to 30 mmHg, diastolic PAP from 4 to 12 mmHg, and
average PAP from 12 to 16 mmHg. The syndrome known as PH is caused by cardiovascular or pulmonary
diseases and its physiopathological mechanism manifests as increased pressure on the right side of the heart
and in the pulmonary vascular area. This is caused by three basic mechanisms: increased pulmonary vascular
resistance, increased blood flow through the heart, and increased pulmonary capillary pressure. The PAP can
be calculated as pulmonary vascular resistance plus blood flow through the heart plus pulmonary capillary
pressure. The relation of those three elements to PH type is shown in Chart 1. The clinical conditions found in
the different hemodynamic categories are represented in Chart 2.” Chart 3 details the PH classifications (by
etiology) proposed by the World Health Organization in 1989."

In primary PH, the precise pathogenic mechanism is unknown. However, an incidence of cases within the
same families ranging from 6% to 12% suggests the existence of a genetic component as a causal
mechanism.” Experimental studies have shown changes in the regulation (inhibition or malfunction) of the
potassium channels, promoting the passage of intracellular calcium into the smooth muscle cells of the
pulmonary vessels, and consequently, arterial vasoconstriction and hypertrophy with cellular proliferation.”
The increased production of vasoconstrictors such as thromboxane A2 and endothelin 1, and the reduction in
levels of vasodilators such as prostacyclin and nitric oxide have also been observed in patients with primary
PH.” Finally, hypercoagulability, which is characterized as increased levels of the plasminogen activator
inhibitor 1 and fibrinopeptide A, and decreased levels of tissue-type plasminogen activator, has been
suggested as a potential mechanism for the increased vascular resistance in the lung resulting from endothelial
lesion and the formation of local intravascular thrombosis”. In secondary PH, the common factor among all
the possible causes of the physiopathological alterations seen appears to be the increased capillary pressure
caused by the increased venous pressure, chronic hypoxemia, vascular lesions and pulmonary hyperflow.

ECHOCARDIOGRAPHIC DIAGNOSIS

For many years, echocardiography has been used to diagnose and monitor PH cases. Initially, qualitative
evaluation of PH was carried out using M-mode and two-dimensional echocardiography.” The signs shown in
the M-mode are caused by a disproportional increase in the diastolic PAP in relation to the increased diastolic
pressure in the right ventricle (RV). Thus, the most commonly found sign is the less pronounced (or absent) dip
of the atrial contraction (A-wave) over the tracing of the pulmonary valve (Figure 1A). This sign, albeit classic,
has little specificity and can occur in other situations, such as cardiac arrhythmia or the use of a pacemaker.”
Another sign, considered more specific, although with low sensitivity, is the M-mode dip in the pulmonary
valve mid-systolic phase, which is found in the most severe cases of PH"” (Figure 1B). It is important to point
out that the recording of the motion of pulmonary valve leaflets is difficult in adults because of poor alignment
of the M-mode cursor and because of the interposition of the pulmonary parenchyma. In addition, usually
only one leaflet can be observed.
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With the addition of the two-dimensional mode, other qualitative signs resulting from the increased PAP can
be observed. It is also possible to detect hypertrophy or dilatation of the RV (with or without dysfunction),
alteration of the interventricular septum motion due to pressure overload within the RV, decreased left
ventricle (LV) size caused by deflection of the interventricular septum and dilatation of the pulmonary artery
following an increase in pressure."” It is important to point out that none of the current echocardiographic
methods allows adequate quantification of RV size or function because of its triangular shape and poor
delineation of endocardial borders. Clinically, the assessment of PAP through Doppler echocardiography is
one of the most important qualitative parameters in the assessment of RV systolic function.

The advent of the two-dimensional mode made noninvasive quantification of PAP levels possible. There are
five basic types of Doppler assessment of PAP, depending upon concomitant conditions. General assessment
is through determination of systolic pulmonary flow. In patients with tricuspid insufficiency, the gradient of
pressure between the RV and the right atrium (RA) is evaluated. In those with pulmonary insufficiency, the
gradient of pressure between the pulmonary artery and the RV is evaluated. In cases of interventricular
communication, the gradient of pressure between the LV and RV is evaluated. In patients with patent ductus
arteriosus, the gradient of pressure between the aorta and the pulmonary artery is evaluated. When flow
between the RV and the pulmonary artery is unobstructed, as it is in cases of pulmonary valvar stenosis, the
systolic pressure in the RV is the same as the systolic pressure in the pulmonary artery.

The most accurate and reliable noninvasive method of echocardiographic PAP assessment is based on
tricuspid regurgitation. It reflects the difference between RV and RA pressure and can be calculated by the
Bernoulli equation."” When estimated RA pressure is added to that gradient, systolic RV pressure is obtained.
Results from this method, which is simple and easily applied, have correlated well with those from invasive
PAP measures in hemodynamics laboratory tests, with a correlation coefficient (r) between 0.89 and 0.94.""
Although this method is only valid in cases of tricuspid valve insufficiency, this is rarely regarded as a
limitation, since approximately 90% of patients with PH present with this condition."”" The accurate
estimation of RA pressure makes for more precise calculation of systolic pressure in the pulmonary artery, and
several noninvasive approaches have been proposed for that assessment. The RA pressure can be determined
by the respiratory variation in inferior vena cava diameter observed through the subcostal window."*"” It is
important to point out that, due to alterations in intrathoracic pressures, the estimation of the diameter and
inspiratory collapse of the inferior vena cava is not useful in patients under ventilation with positive pressure.
Other approaches to assessing RA pressure include clinical examination of the distention of the jugular
(secondary to retrograde circulatory arrest) and the determination of values of 10 mmHg" or 14 mmHg for
the estimation of the RA pressure."” Systolic RV pressure estimated using the techniques for calculating RA
pressure also correlates well with values obtained in the hemodynamics laboratory."*"”

Figure 2 shows a chest radiograph of a 38-year-old smoker suffering from progressive dyspnea (for three
years) and rectal biopsy-confirmed schistosomiasis. The radiograph indicates significant dilatation of the
pulmonary arteries. Transthoracic echocardiography allowed adequate evaluation of the dilatation of the right
cardiac chambers, detection of tricuspid insufficiency, and estimation of pulmonary artery systolic pressure.

In cases of pulmonary valve dysfunction, diastolic and average PAP can be estimated. Pulmonary
insufficiency is commonly detected in healthy patients and an even higher incidence is observed in PH
patients.”” The mean end diastolic velocity of the pulmonary regurgitation curve in Doppler
echocardiography reflects the final diastolic gradient between the pulmonary artery and the RV. By adding the
estimated RA pressure, diastolic PAP is obtained. On the other hand, the peak of the Doppler pulmonary
regurgitation curve is related to the initial diastolic gradient between the pulmonary artery and the RV, and it
correlates well with average PAP. In hemodynamics laboratory tests, the PAPs obtained through the use of this
technique correlate well with those measured through invasive methods.*"*”

Doppler determination of the pulmonary systolic flow into the pulmonary artery has also been used in the
qualitative and quantitative assessment of PAP. However, this method presents considerable limitations. In
healthy individuals, the pulmonary systolic flow curve displays symmetrical configuration — flow velocity
increases and decreases gradually, with the maximum peak in the mid-systolic phase. In cases of PH, the flow
displays an asymmetrical pattern with more precocious acceleration and peak phases. Acceleration times >
120 ms are considered normal, whereas acceleration times < 100 ms correlate with PH.*” Although
acceleration time is a very useful indicator of PH, measuring acceleration times to estimate PAP is less reliable
than the method of estimating PAP from tricuspid regurgitation.””

In cases of congenital cardiopathy with communication between the left and right sides, such as
interventricular communication and patent ductus arteriosus, the very flow through the defect can be used to
calculate the systolic PAP. When pulmonary stenosis is absent in such patients, systolic PAP can be obtained
by determining the difference between the systolic arterial pressure measured by sphygmomanometer and the
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systolic gradient between the LV and the RV, estimated by the continuous-wave Doppler of the flow curve
through interventricular communication.”” In patients with patent ductus arteriosus, the diastolic flow
between the pulmonary artery and the aorta can also be used to calculate the gradient through the defect. The
diastolic PAP can then be estimated by the difference between the diastolic arterial pressure measured by
sphygmomanometer and the diastolic gradient between the pulmonary artery and the aorta, obtained from the
continuous Doppler of the flow curve through the ductus arteriosus.””

CLINICAL APPLICATIONS FOR ECHOCARDIOGRAPHY IN THE EVALUATION OF PH
PATIENTS

Echocardiography is currently an important tool for determining the diagnosis, management, and prognosis
of PH patients and can even give clues as to the etiology. In many cases, the quality of the imaging obtained
by transthoracic echocardiography does not allow for adequate viewing of the cardiac anatomy, making it
difficult to detect the cause of the PH. In those patients, transesophageal echocardiography is a useful
complementary exam, since it provides top-quality imaging of the heart and lower lobes, allowing detection
of attendant pathologies such as mitral valve dysfunction, interatrial communication or pulmonary
thromboembolism. In a study of cases of thromboembolism with significant hemodynamic repercussion,
transesophageal echocardiography showed high sensitivity (97%) and specificity (86%) in the imaging of
pulmonary artery emboli. Nevertheless, in this study, the prevalence of central embolus was relatively low
(approximately 60%).“” It is important to point out that, because it is a semi-invasive method, transesophageal
echocardiography may be difficult to perform on patients with severe respiratory dysfunction.

In pulmonary thromboembolism, assessment of RV dysfunction by echocardiography can identify patients
for whom specific treatment is indicated, with implications for the clinical management of their condition.
The benefits of thrombolytic therapy, combined with anticoagulation, have been proven in patients with
echocardiography-confirmed hemodynamic instability and RV dysfunction.”””” In addition, this method can
be used for prognostic evaluation of those patients. The most important echocardiographic discovery is RV
hypokinesia which, if basal, is an independent predictor of mortality in the follow-up period of two weeks to
three months, with an up to two-fold increase in the mortality rate.”” An increase in systolic PAP to levels
above 50 mmHg has also been proven to be an independent predictor of PH persistence one year after the
thromboembolism episode.”” In our institution, we evaluated the cases of 23 chronic pulmonary
thromboembolism patients who had been operated on and submitted to follow-up exams. Echocardiography
showed that systolic PAP was lower and the diastolic diameter of the right ventricle was smaller, when
compared to the preoperative values.”

Chronic obstructive pulmonary disease (COPD) is the most common cause of pulmonary disease resulting
in RV dysfunction.”” Although the quality of the echocardiographic imaging may/might be lowered in patients
with pulmonary emphysema or chronic bronchitis, the use of microbubble-based echocardiographic contrast
agents can enhance the Doppler signal.”” In addition, technologically enhanced equipment may enable
adequate PAP assessment in most patients, with important prognostic implications. In an echocardiographic
study of 166 patients with advanced-stage COPD and treated with long-term oxygen therapy, multivariate
analysis showed that the estimation of RV systolic pressure is an independent predictor of mortality.” In
addition, the prognosis for PH patients is worse when cor pulmonale with RV dysfunction is detected.””

Another clinical application for echocardiography is in the serial follow up to monitor therapeutic response
of primary PH patients to treatments such as calcium channel blockers or prostacyclin. In a study using
transthoracic echocardiography, prostacyclin infusion had beneficial effects on RV size, interventricular
septum movement and mean peak of tricuspid regurgitation. Lack of improvement in echocardiographic
parameters can identify patients for whom lung transplant is indicated.””

In lung transplant candidates, the role of echocardiography includes the identification of RV dysfunction
signs and coronary artery disease, important factors to the preoperative evaluation “”. After the
transplantation, some studies show there may be improvement to the septal movement and to pulmonary
hemodynamics, with reversion of the RV dilatation and dysfunction “”. On the other hand, other studies
including patients with RV dysfunction and important PH reported variable improvement in the RV function,
despite  PH improvement “’. Persistent RV dysfunction after lung transplantation, detected by
echocardiography is related to worse prognosis.

In conclusion, echocardiography is a noninvasive procedure that plays an important role in the evaluation
of PH. It can be used to accurately quantify PAPs, showing their impact on the right heart chambers and
systemic veins. It is also useful as an analytical tool in the evaluation of therapeutic responses and prognoses.



REFERENCES

1.

10.

11.

12.

13

14

15

16.

17.

18.

19.

20.

21.

22.

23.

Rich S. Executive summary from the World Symposium on Primary Pulmonary Hypertension 1998, Evian, France,
September 6-10, 1998, cosponsored by the World Health Organization. [cited in 2000 Apr 14]. Available from: URL:
http://www.who.int/ncd/cvd/pph.html.

. Costa AF, Andrade GN. HAP e cor pulmonale. In: Bethlem N, editor. Pneumologia. 4a ed. Sao Paulo: Atheneu; 1995.

p.817-30.

. Chatterjee K, De Marco T, Alpert JS. Pulmonary hypertension: hemodynamic diagnosis and management. Arch Intern Med

2002;162:1925-33.

. Lovd JE, Primm RK, Newman JH. Familial primary pulmonary hypertension: clinical patterns. Am Rev Respir Dis

1984;129:194-7.

. Yuan JX, Aldinger AM, Juhaszova M, Wang J, Conte JV Jr, Gaine SP, et al. Dysfunctional voltage-gated K+ channels in

pulmonary artery smooth muscle cells of patients with primary pulmonary hypertension. Circulation 1998;98:1400-6.

. Giaid A. Nitric oxide and endothelin 1 in pulmonary hypertension. Chest 1998;114:208s-12s.
. Shulman LL, Grossman BA, Owen J. Platelet activation and fibrinopeptide formation in pulmonary hypertension. Chest

1993;104:1690-3.

. Weyman AE, Dillon JC, Feigenbaum H, Chang S. Echocardiographic patterns of pulmonic valve motion with pulmonary

hypertension. Circulation 1974;50:905-12.

. Feigenbaum H. Hemodynamic information derived from echocardiography. In: Feigenbaum H. Echocardiography. 3a ed.

Philadelphia: Lea & Febiger; 1981. p.188-221.

Acquatella H, Schiller NB, Sharpe DN, Chatterjee K. Lack of correlation between echocardiographic pulmonary valve
morphology and simultaneous pulmonary artery pressure. Am J Cardiol 1979;43:946-53.

Ryan T, Petrovic O, Dillon JC, Feigenbaum H, Conley MJ, Armstrong WF. An echocardiographic index for separation of
the right ventricular volume and pressure overload. J Am Coll Cardiol 1985;5:918-27.

Hatle L, Brubakk AO, Tromsdal A, Angelsen B. Noninvasive assessment of pressure drop in mitral stenosis by Doppler
ultrasound. Br Heart J 1978;40:131-40.

Berger M, Haimowitz A, Van Tosh A, Berdoff RL, Goldberg E. Quantitative assessment of pulmonary hypertension in
patients with tricuspid regurgitation using continuous wave Doppler ultrasound. J Am Coll Cardiol 1985;6:359-65.

Yock PG, Popp RL. Noninvasive estimation of right ventricular systolic pressure by Doppler ultrasound in patients with
tricuspid regurgitation. Circulation 1984;4:657-62.

Currie PJ, Seward JB, Chan KL, Fyfe DA, Hagler DJ, Mair DD, et al. Continuous wave Doppler determination of right
ventricular pressure: a simultaneous Doppler-catheterization study in 127 patients. J Am Coll Cardiol 1985;6:750-6.
Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of right atrial pressure from the inspiratory collapse of the
inferior vena cava. Am J Cardiol 1990;66:493-6.

Simonson JS, Schiller NB. Sonospirometry: a new method for noninvasive estimation of mean right atrial pressure based
on two-dimensional echographic measurements of the inferior vena cava during measured inspiration. J Am Coll Cardiol
1988;11:557-64.

Abaci A, Kabukcu M, Ovune K, Tokgozoglu L, Tarrach M, Batur MK, et al. Comparison of the three different formulas for
Doppler estimation of pulmonary artery systolic pressure. Angiology 1998;49:463-70.

Chan Kl, Currie PJ, Seward JB, Hagler DJ, Mair DD, Tagik AJ. Comparison of three Doppler ultrasound methods in the
prediction of pulmonary artery pressure. J Am Coll Cardiol 1987;9:549-54.

Patel AK, Rowe GG, Dhanani SP, Kosolcharoen P, Lyle LEW, Thomsen JH. Pulsed Doppler echocardiography in diagnosis
of pulmonary regurgitation: its value and limitations. Am J Cardiol 1982;49:1801-5.

Masuyama T, Kodama K, Kitabatake A, Sato H, Nanto S, Inoue M. Continuous-wave Doppler echocardiographic detection
of pulmonary regurgitation and its application to noninvasive estimation of pulmonary artery pressure. Circulation
1986;74:484-92.

Lei MH, Chen JJ, Ko YL, Cheng JJ, Kuan P, Lien WP. Reappraisal of quantitative evaluation of pulmonary regurgitation
and estimation of pulmonary artery pressure by continuous wave Doppler echocardiography. Cardiology 1995;86:249-56.
Ge Z, Zhang Y, Ji X, Fan D, Duran CM. Pulmonary artery diastolic pressure: simultaneous Doppler echocardiography and
catheterization study. Clin Cardiol 1992;15:818-24.

24. Dabestani A, Mahan G, Gardin JM, Takenaka K, Burn C, Allfie A, et al. Evaluation of pulmonary artery pressure and

25.

resistance by pulsed Doppler echocardiography. Am J Cardiol 1987;59:662-8.

Chan Kl, Currie PJ, Seward JB, Hagler DJ, Mair DD, Tagik AJ. Comparison of three Doppler ultrasound methods in the
prediction of pulmonary artery pressure. J Am Coll Cardiol 1987;9:549-54.

26. Ge Z, Zhang Y, Kang W, Fan D, Ji X, Duran C. Noninvasive evaluation of right ventricular and pulmonary artery systolic

27.

pressures in patients with ventricular septal defects: simultaneous study of Doppler and catheterization data. Am Heart J
1993;125:1073-81.

Ge Z, Zhang Y, Fan D, Kang W, Hatle L, Duran C. Simultaneous measurement of pulmonary artery diastolic pressure by
Doppler echocardiography and catheterization in patients with patent ductus arteriosus. Am Heart J 1993;125:263-6.

28. Wittlich N, Erbel R, Eichler A, Schuster S, Jakob H, Iversen S, et al. Detection of central pulmonary artery thromboemboli

by transesophageal echocardiography in patients with severe pulmonary embolism. J Am Soc Echocardiogr 1992;5:515-
24.

29. Goldhaber SZ, Visani L, de Rosa M. Acute pulmonary embolism: clinical outcomes in the International Cooperative

Registry (ICOPER). Lancet 1999;353:1386-9.



30.
31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

Goldhaber SZ. Pulmonary embolism. N Engl J Med 1999;339:93-104.

Ribeiro A, Lindmarker P, Juhlin-Dannfelt A, Johnsson H, Jorfeldt L. Echocardiography Doppler in pulmonary embolism:
right ventricular dysfunction as a predictor of mortality rate. Am Heart J 1997;134:479-87.

Ribeiro A, Lindmarker P, Johnsson H, Juhlin-Dannfelt A, Jorfeldt L. Pulmonary embolism: one-year follow-up with
echocardiography Doppler and five-year survival analysis. Circulation 1999;99:1325-30.

Jatene FB, Bernardo WM, Monteiro R, Hueb AC, Terra-Filho M, Oliveira SA. Tratamento ciriirgico da hipertensao
pulmonar tromboembélica. Rev Soc Cardiol Estado de Sao Paulo 2000;5:640-51.

Rich S. Pulmonary hypertension. In: Braunwald E, Zipes DP, Libb P. Heart disease: a textbook of cardiovascular medicine.
6th ed. Philadelphia: WB Saunders; 2001.

Mulvagh SL, Maria AN, Feinstein SB, Burns PN, Kaul S, Miller JG, et al. Contrast echocardiography: current and future
applications. J Am Soc Echocardiogr 2000;13:331-42.

Dallari R, Barozzi G, Pinelli G, Merighi V, Grandi P, Manzotti M, et al. Predictors of survival in long-term oxygen therapy.
Respiration 1994;61:8-13.

Klinger JR, Hill NS. Right ventricular dysfunction in chronic obstructive pulmonary disease: evaluation and management.
Chest 1991;99:715-23.

Hinderliter AL, Willis PW, Barst RJ, Rich S, Rubin LJ, Badesch DB, et al. Effects of long-term infusion of prostacyclin
(epoprostenol) on echocardiographic measures of right ventricular structure and function in primary pulmonary
hypertension: primary pulmonary hypertension study group. Circulation 1997;95:1479-86.

Myers BF, Patterson MD. Lung transplantation: current status and future prospects. World J Surg 1999;23:1156-62.
Ritchie M, Waggoner AD, Davila-Roman VG, Barzilai B, Trulock EP, Eisenberg PR. Echocardiographic characterization of

the improvement in right ventricular function in patients with severe pulmonary hypertension after single-lung
transplantation. J Am Coll Cardiol 1993;22:1170-4.

Schulman LL, Leibowitz DW, Anandarangam T, DiTullio MR, McGregor CC, Smith CR, et al. Variability of right ventricular
functional recovery after lung transplantation. Transplantation 1996;62:622-5.



Chart 1

Hemodynamic patterns of the various PH types

e Increased systolic, diastolic, and .
average PAP, with normal pulmonary
capillary pressure

e End diastolic PAP considerably higher o
than pulmonary capillary pressure

e High pulmonary vascular resistance

1. Precapillary PH 3. Mixed PH

Increased systolic, diastolic, and average
PAP, together with increased pulmonary
capillary pressure

End diastolic PAP moderately higher than

pulmonary capillary pressure

e Increased systolic, diastolic, and .
average PAP, together with increased
pulmonary capillary pressure

e Normal pulmonary vascular resistance o

e End diastolic PAP equal to or slightly o
higher than pulmonary capillary
pressure

2. Postcapillary PH 4. Increased pulmonary blood flow PH

Possible increase in systolic, diastolic,

and average PAP

Normal or  slightly  increased
pulmonary vascular resistance
Normal or moderately higher pulmonary

venous pressure

Pulmonary blood flow increased

PH: pulmonary hypertension; PAP: pulmonary arterial pressure.




Chart 2

Signs and symptoms seen in cases of the various types of pulmonary hypertension

1. Precapillary PH

Primary PH, PH combined with collagen diseases, vasculitis, altitude sickness, neuromuscular
diseases, pulmonary thromboembolism, portal hypertension, acquired immuno-deficiency syndrome,
drugs/toxins (anorexigens and others), persistence of fetal lung circulation pattern, Eisenmenger
syndrome and others.

2. Postcapillary PH

Left ventricular systolic or diastolic dysfunction, left atrial myxoma or thrombus, mitral valve disease,
aortic disease, pulmonary veno-occlusive disease (congenital or acquired) and others.

3. Mixed PH
Myocardial diseases with systolic left ventricular dysfunction, aortic stenosis and dysfunction, mitral

stenosis and dysfunction.

4. Increased pulmonary blood flow PH
Interatrial communication, interventricular communication, patent ductus arteriosus, high-deficit

cardiac insufficiency (e.g. thyrotoxicosis), liver disease, and chronic anemia.

PH: pulmonary hypertension



Chart 3
Etiologic PH classifications proposed by the World Health Organization

1. PH

Primary PH:

PH combined with some conditions such as collagen diseases, vasculitis, and congenital pulmonary-
systemic shunt: a)* interatrial communication, b)** interventricular communication, and c) patent
ductus arteriosus, portal hypertension, acquired immunodeficiency syndrome, drugs/toxins

(anorexigens and others), persistence of the fetal pulmonary circulation pattern, and others.

2. Pulmonary venous hypertension

Systolic or diastolic left ventricular dysfunction, myocardial diseases, left atrial myxoma or thrombus,
mitral valve disease, aortic disease, aortic coarctation, pulmonary veno-occlusive disease, extrinsic
compression of pulmonary veins: a)* fibrosing mediastinitis, and b)** parahilar adenoid enlargement

or tumors, and others.

3. PH combined with diseases of the respiratory system or chronic hypoxemia
Chronic obstructive pulmonary disease, interstitial lung disease, respiratory sleep disorder, alveolar
hypoventilation, altitude sickness, neonatal lung disease, alveolar capillary dysplasia, extreme obesity

(Pickwick syndrome), neuromuscular diseases, thoracic deformities, and others.

4. PH as a result of thrombolytic or embolic diseases
Pulmonary thromboembolism of proximal arteries, obstruction of distal pulmonary arteries: a)*

pulmonary embolism (thrombus, tumor, parasites, foreign bodies), b)** sickle cell disease.

5. PH as a result of inflammatory vascular diseases of the lung

a)* sarcoidosis, b)** pulmonary capillary hemangiomatosis, c) schistosomiasis, and others.

*sporadic **genetic

PH: pulmonary hypertension
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Figure 1 — M-mode of the pulmonary valve showing rectification of diastolic curve and lack
of an atrial contraction dip in pulmonary hypertension patients (A). The mid-systolic dip
(arrows), which is a specific (although low-sensitivity) sign of significant pulmonary
hypertension, can be observed in the lining of the pulmonary valve during the systolic phase

(B).

Figure 2 — A) Thoracic radiogram of PH patient secondary to schistosomiasis showing pronounced dilatation of pulmonary
arteries. B) Two-dimensional echocardiogram in apical cut of four chambers showing dilatation of right chambers and tricuspid
insufficiency (Tl) jet in the right atrium (arrow). C) Spectral curve of continuous-wave Doppler showing the flow of tricuspid
regurgitation, with increased peak velocity (3.5 ms’). Using the modified Bernoulli equation, the gradient of pressure between the
right ventricle and the right atrium (49 mmHg) is estimated. By adding the gradient to the average right atrium pressure value, an
estimated pulmonary artery systolic pressure of 64 mmHg is obtained.

RA = right atrium; LA = left atrium; RV = right ventricle; LV = left ventricle.



