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CASE STUDY

False-positive diagnosis of pulmonary hypertension by
Doppler echocardiography
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Doppler echocardiography has increasingly been used
in recent years for the noninvasive diagnosis of pulmonary
hypertension [1, 2], and is currently integrated as an early
step in diagnostic algorithms [3]. One popular technique is
the measurement of the maximum velocity of tricuspid
regurgitation jets for the estimation of systolic pulmonary
artery pressure, as first reported by YOCK and POPP [4] in
1984. This technique is now generally believed to be rea-
sonably accurate and repeatable [1–3]. However, there
may be an underestimation of pressures measured con-
comitantly with a high-fidelity transducer-tipped catheter
in patients with severe pulmonary hypertension [5], and re-
covery of sufficient quality signals may be a problem in
patients with chronic obstructive pulmonary disease (COPD)
[6]. Until now, there has been no report of a clinically rel-
evant overestimation of pulmonary artery pressures by
Doppler echocardiography.

Case report

A 37-yr-old nonsmoking female cook presented with a
3-month history of exertional dyspnoea, typically when
climbing stairs carrying a light load or dancing. Two years
before, she had been treated with an angiotensin-con-
verting enzyme inhibitor for a diagnosis of systemic
hypertension. Her medical history disclosed no other ab-
normalities. Her clinical examination was normal, with a
weight of 60 kg, a height of 164 cm, a blood pressure of
140/80 mmHg and a cardiac frequency (fC) of 76 beats·
min-1. The electrocardiogram and chest radiography were
normal. A sample of arterial blood showed an arterial oxy-
gen tension (Pa,O2) of 15.4 kPa (116 mmHg), an arterial
carbon dioxide tension (Pa,CO2) of 4.1 kPa (31 mmHg)
and a pH of 7.45. Lung function tests showed normal val-

ues for volumes, airway resistance and carbon monoxide
diffusing capacity. An echocardiograph was normal, with
no right atrial or ventricular dilatation, no valvular abnor-
mality and no abnormal characteristics of Doppler inferior
vena cava flow. A pulsed Doppler study of pulmonary
blood flow revealed normal-shaped flow–velocity waves,
with an acceleration time of 122 ms (normal: 110–162
ms) and a ratio between acceleration time and ejection
time of 0.39 (normal: 0.34–0.51). However, continuous
Doppler studies of tricuspid regurgitation repeatedly show-
ed maximum velocities between 2.8–3 m·s-1 (normal: 1.5–
2.5 m·s-1), allowing for an estimated systolic pulmonary
artery pressure between 41–46 mmHg. The limits of nor-
mal for maximum velocities of tricuspid regurgitation, and
of acceleration times and ratio between acceleration and
ejection times of pulmonary flow velocities, were es-tab-
lished from previously reported measurements in 20
healthy young adults [7].

A diagnosis of primary pulmonary hypertension was
suspected on the basis of a negative cardiorespiratory
work-up, with a positive Doppler echocardiographic
measurement [3], and the patient, therefore, underwent a
right heart catheterization. This examination was perform-
ed with a balloon-tipped, high-fidelity, transducer-tipped
thermodilution catheter (Hugos Sentron, Ohmeda, Roden,
the Netherlands). At rest, pulmonary artery pressure was
22/8 (mean 13 mmHg), pulmonary artery occluded pres-
sure 8 mmHg, right atrial pressure 6 mmHg, cardiac out-
put 4.9 L·min-1, fC 82 beats·min-1 and pulmonary vascular
resistance 82 dyne·s-1·cm-5. During exercise, pedalling with-
out a load in supine position, mean pulmonary artery pres-
sure was 20 mmHg, pulmonary artery occluded pressure
14 mmHg, right atrial pressure 10 mmHg, cardiac output
9.6 L·min-1, fC 110 beats·min-1 and pulmonary vascular re-
sistance 48 dyne·s-1·cm-5. A full Doppler echocardiographic
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examination was performed simultaneously (Hewlett-Pack-
ard Sonos 5500, Andover, USA). The presence of a tricus-
pid regurgitation was confirmed by colour-coded Doppler
and recorded in continuous-wave mode from the apical
four-chamber view. Pulmonary blood flow velocity was
obtained in the right ventricular outflow tract from the
parasternal short-axis view just below the pulmonic valve.
The pulsed-wave Doppler sample of 3 mm was moved
along the ultrasound beam to obtain the highest maximal
velocity. To minimize errors on Doppler recordings, angle
correction was avoided and colour-coded Doppler helped
to achieve the best alignment of blood flow with an ultra-
sound beam. Pulmonary and tricuspid Doppler recordings
are shown in  figure 1, together with the catheter pressure
measurements. All measurements were performed at end-
expiration. Systolic right ventricular and pulmonary artery
pressures were superimposable. The maximum velocity of
tricuspid regurgitation jets averaged over four cardiac
cycles was 2.87 m·s-1, allowing the calculation of a trans-
tricuspid gradient of 33 mmHg, and a systolic right ven-
tricular pressure of 40 mmHg was found by adding the
invasively measured right atrial pressure at 7 mmHg. At
the same time, pulmonary artery systolic pressure was
measured at 22 mmHg. Seven cardiac cycles were used to
measure the pulmonary artery blood flow velocity. Mean
values for acceleration time, ejection time and the ratio
between acceleration and ejection times were 122 ms, 316
ms and 0.39, respectively.

Discussion

This is the first reported case of a wrong diagnosis of
pulmonary hypertension on the basis of Doppler echocar-
diographic studies of tricuspid regurgitation.

The recording of tricuspid regurgitation jets by continu-
ous-wave Doppler echocardiography was first reported in

1984 by YOCK and POPP [4] in a series of 62 patients with
right heart failure. The authors calculated a transtricuspid
gradient (ýP) from the maximum velocity (v) of tricuspid
regurgitation using the simplified form of the Bernouilli
equation, ýP (mmHg) = 4×v2 (m·s-1). Adding ýP to a clini-
cal estimate of right atrial pressure yielded predicted
systolic right ventricular pressures which were very close
to those obtained by catheterization, even if not studied
simultaneously [4]. The method has now been widely used
in patients with pulmonary hypertension secondary to a
variety of cardiac diseases, with reported correlations bet-
ween Doppler and catheter measurements ranging 89–0.97,
interobserver variability of <3% and average standard
errors on systolic pulmonary artery pressure ranging 5–9
mmHg [1, 2]. In patients with COPD, the recovery rate of
good-quality tricuspid regurgitation signals is decreased
and the standard error on systolic pulmonary artery pres-
sure may increase to an average of 12 mmHg [6].

Lack of agreement between Doppler and catheter meas-
urements is usually explained by a variety of factors,
including nonsimultaneous invasive measurements, clini-
cal estimate instead of direct measurement of right atrial
pressure, sonic unavoidable beam to flow angle, uncer-
tainty in the assignment of the maximum velocity of the
regurgitant signal, the fact that ýP may be maximal before
peak right ventricular systolic pressure in the presence of
a prominent right atrial V-wave, and some gradient
between right ventricular and pulmonary artery pressures,
more or less positive in early systole and negative in late
systole, depending on the severity and type of pulmonary
hypertension [2]. An additional problem is that most pre-
vious studies used fluid-filled Swan Ganz catheters, the
frequency response of which is insufficient for measure-
ments of instantaneous pulmonary artery pressures [2].
Thus, although some studies on large series of patients
include a few examples of Doppler overestimations of sys-
tolic pulmonary artery pressure by up to around 20 mmHg,
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Fig. 1.  –  Doppler studies of a) tricuspid regurgitation and b) pulmonary artery flow velocity (with electrocardiogram (ECG) traces above) and con-
comitant measurements of c) pulmonary artery pressure, d) pulmonary artery occluded pressure (by a high-fidelity transducer-tipped catheter) and e)
right atrial pressure (by a fluid-filled catheter) in a patient with suspected primary pulmonary hypertension. The calculated systolic pulmonary artery
pressure from the maximum velocity of the tricuspid regurgitation jet led to an overestimation of systolic pulmonary artery pressure by 20 mmHg.
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as observed in the present patient [6, 8, 9], they do not
allow a reliable estimate of the maximum possible errors,
because the "real" concomitant pressures are not known.

Estimates of systolic pulmonary artery pressures from
Doppler tricuspid regurgitation have been compared to
simultaneous pressure measurements by high-fidelity,
transducer-tipped catheters in only one previous study [5].
In 10 patients with severe pulmonary hypertension an
important underestimation of right ventricular systolic
pressure was found, with an average catheter–Doppler dif-
ference of 21 mmHg, which the authors attributed to the
assumptions on the geometry of the tricuspid orifice on
which the simplified form of the Bernouilli equation is
based [5]. It is interesting to note that peak right ventricu-
lar systolic pressure was overestimated by Doppler tricus-
pid regurgitation in only one of the 10 patients, by an
absolute amount of 8 mmHg.

In the present patient, the Doppler signal was excellent
and care was taken to ensure that the bloodstream was paral-
lel to the Doppler beam. Right atrial pressure was measured
directly, avoiding errors in estimated systolic pulmonary
artery pressures by adding and arbitrary or clinically or
echographically derived values. There was no enlarged V-
wave on the right atrial pressure tracing. The tricuspid
regurgitation was mild, as expected in a subject with nor-
mal bidimensional echocardiograms, but the signal was of
good quality. The systolic right ventricular and pulmonary
artery pressure tracings were superimposable, excluding
the possibility of a right ventricular outflow tract obstruc-
tion that would have been missed at echo-Doppler exami-
nation.

The overestimation of pulmonary artery pressures by
Doppler echocardiography of tricuspid regurgitation in this
patient cannot be readily explained. The error was large
enough to support a late positive diagnosis of pulmonary
hypertension. However, it is important that the Doppler pul-
monary artery flow wave had a normal shape, with an ac-
celeration time of 128 ms, well within normal limits, and
that there was no other echo cardiographic clue to pulmo-
nary hypertension. False-positive diagnosis of pulmonary
hypertension on the basis of Doppler echocardiography of
tricuspid regurgitation seems to be uncommon and can
probably be avoided if all other echo-Doppler signals usu-
ally found in pulmonary hypertension [1, 2] are also care-

fully taken into consideration. Our recommendation, there-
fore, is not to disregard the echo-Doppler examination of
tricuspid regurgitation as an early essential step in the
diagnosis of pulmonary hypertension, but rather to inte-
grate it within the context of a complete echocardio-
graphic examination.
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