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ABSTRACT: Pulmonary hypertension is an important factor that determines the
prognosis of chronic obstructive pulmonary disease (COPD) patients. Echocardio-
graphy is a noninvasive and useful bedside method for measurement of pulmonary
artery pressure. However, this method is sometimes difficult because of the overinflated
lungs in COPD patients. This study attempted to estimate pulmonary hypertension in
COPD patients using transcutaneous Doppler jugular vein flow velocity recording.

The mean pulmonary artery pressure (MPAP) of 64 COPD patients was examined
using cardiac catheterization. The right jugular vein flow velocity was measured within
24 h using transcutaneous Doppler echo, after which the ratio of diastolic flow (Df) and
systemic flow (Sf) velocity was calculated. Subsequently, the statistical correlation of
MPAP and the Df/Sf ratio was examined. MPAP was also measured using standard
cardiac echo methods and the results were compared.

The Df/Sf velocity ratio showed significant correlation with MPAP in COPD
patients (r~0.844, pv0.0001). The sensitivity was 71.4%, and the specificity 95.3%
(cut-off ratio~1.0). Jugular venous Doppler echo could be performed in all patients
while other cardiac echo methods could not be performed in all patients. The specificity
of the methods used was higher than other cardiac echo methods.

Transcutaneous jugular vein flow velocity measurement may be applicable to bedside
prediction of pulmonary hypertension in chronic obstructive pulmonary disease patients.
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Pulmonary hypertension is a frequent complication
of the progression of chronic obstructive pulmonary
disease (COPD) and is known to indicate a poor
prognosis [1]. There are various methods to evaluate
pulmonary artery pressure, such as right-sided cardiac
catheterization [2], echocardiography [3, 4], electro-
cardiography [5] and myocardial scintigraphy [6, 7].
However, these methods have some disadvantages,
namely: 1) right-sided cardiac catheterization is
invasive; 2) echocardiography is sometimes difficult
in COPD patients because of the overinflated lungs;
3) the specificity and sensitivity of electrocardiography
is low [8]; and 4) myocardial scintigraphy is expensive.
In 1989, RANGANATHAN and SIVACIYAN [9] reported the
usefulness of transcutaneous Doppler jugular venous
flow velocity recording to estimate pulmonary artery
pressure in patients with cardiac disorders but this
method was not investigated in COPD patients. This
study measured mean pulmonary artery pressure
(MPAP) in COPD patients using the previous
methods and investigated the predicted value of
transcutaneous Doppler jugular venous flow velocity
recording. This method was found to be applicable for
bedside prediction of pulmonary hypertension in
COPD patients.

Patients and methods

This study investigated 64 COPD patients (60
males) who were admitted to the Third Dept of
Internal Medicine (Kagoshima University School of
Medicine) and the Dept of Cardiology (Nakamura-
Onsen Hospital). Fifty-nine patients were suffering
from emphysema while others had chronic bronchitis.
All patients gave their written consent to participate in
this study. All patients with tachycardia, arrythmia,
infectious disorders, malignant tumour, head and
neck abnormalities, ischaemic heart disease and card-
iac disorders which cause pulmonary hypertension
(e.g. tricuspid valve disorder, left ventricular dys-
function) were excluded. The MPAPs of all patients
were measured using the cardiac catheterization
method [2] by cardiology specialists. MPAP was
measured three times at the end of the expiratory
phase with breath holding and the average was
calculated. The patients with mean pulmonary artery
pressures of w25 mmHg were defined as having
pulmonary hypertension. For all patients, jugular
venous flow velocity recordings were performed prior
to the catheter method. After careful examination of
the right jugular venous pulse contour with special
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attention to the systolic and diastolic descents, right
jugular vein flow velocity was measured using Aloka,
ProSound 5000 (7.5 MHz; Tokyo, Japan) at the end
of the expiratory phase with breath holding. Varia-
tions in the jugular vein velocity pattern were
identified by determining the following as previously
reported [9]: 1) monophasic or biphasic flow; 2)
systolic flow (Sf) or diastolic flow (Df); 3) if flow is
biphasic, the ratio of the velocities (Df/Sf velocity) was
calculated; 4) direction of flow (antegrade or retro-
grade); and 5) if retrograde, whether flow occurred
during systole or end-diastole. At the same time, the
diameter of the inferior vena cava at the expiratory
phase was measured and two standard cardiac echo
methods that estimate pulmonary hypertension meas-
ured: 1) the ratio of acceleration time (AT) and
ejection time (ET) (AT/ET) in the pulmonary out flow
using pulsed Doppler echo (method A) [3]; and 2) echo
Doppler estimation of tricuspid regurgitant wave
velocity (method B) [4]. In all procedures, the Doppler
investigators were blinded to the catheter results.

Statistical analysis

This study examined the statistical associations of
MPAP and jugular vein flow velocity or diameter of
the inferior vena cava. Pearson9s correlation coeffi-
cient was used to examine the statistical correlations
between these parameters. The results from the
primary method used in this study and two standard
cardiac echo methods were compared. A p-value
v0.05 was considered significant.

Results

Twenty-one patients were diagnosed with pulmo-
nary hypertension and the clinical data of all patients
are shown in table 1. A reliable echo window was
obtained from 56 patients (87.5%) using method A
and from 35 patients (54.7%) using method B, while
all patients were applicable for transcutaneous jugular
Doppler venous echo. The diameter of the inferior
vena cava could be measured in 84.4% (54/64)
patients. Regarding jugular venous flow velocity, all
patients showed a biphasic pattern without any
retrograde flow. The patients with normal MPAP
showed a biphasic pattern, and the Sf velocity was

greater than the Df velocity (fig. 1a). Conversely, in
the patient with pulmonary hypertension, the Sf
velocity was almost equal or lower than the Df
velocity (fig. 1b, c). The ratio of Df/Sf velocity showed
a significantly strong positive correlation with MPAP
(r~0.844, pv0.0001, fig. 2a), but the statistical
correlation of the diameter of inferior vena cava
with MPAP was not so strong (r~0.35, p~0.014).
This ratio was almost even (Df velocity was almost
equal to Sf velocity) in the patients with mild
pulmonary hypertension (25 – 35 mmHg), but more
than one (Df velocitywSf velocity) in the patients with
severe pulmonary hypertension (w35 mmHg). The
sensitivity of this ratio was 71.4% and the specificity

Table 1. – Clinical data of the patients in this study

With PH Without PH p-value

Subjects n 21 43
Age yrs 64.3¡15.8 66.3¡16.1 NS

FEV1 % pred 45.3¡12.3 60.1¡18.9 0.001
VC % pred 67.1¡10.2 78.2¡17.3 0.01
Pa,O2 mmHg 61.6¡10.1 77.5¡19.9 0.01
Pa,CO2 mmHg 48.1¡14.1 43.2¡17.1 0.01

PH: pulmonary hypertension; FEV1: forced expiratory
volume in one second; VC: vital capacity; Pa,O2: arterial
oxygen partial pressure; Pa,CO2: arterial carbon dioxide
partial pressure.

a)

b)

c)

Fig. 1. – Examples of jugular venous flow velocity. a) patient with
normal pulmonary artery pressure (DfvSf velocity); b) patient with
mild pulmonary hypertension (Df almost equal to Sf velocity);
and c) patient with severe pulmonary hypertension (DfwSf velo-
city).
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95.3% (cut-off ratio~1.0). Regarding other echocardio-
graphic methods, the ratio of AT/ET in method A
showed a significant negative correlation with MPAP
(r~-0.602, pv0.01, fig 2b), and the sensitivity and
specificity were 83.3% and 85.1%, respectively (cut-off
ratio~0.4). In method B, predicted systolic pulmo-
nary artery pressure showed a significant positive
correlation with MPAP (r~0.826, pv0.0001, fig. 2c),
and the sensitivity was 82.9% and the specificity was
86.1% (cut-off systolic pulmonary artery pressure~
40 mmHg).

Discussion

Pulmonary hypertension frequently results in cor
pulmonale and symptomatic congestive heart failure
[1, 10]. There are some noninvasive bedside methods
to estimate pulmonary artery pressure using cardiac
echo [3, 4, 11], but these methods are sometimes
difficult in COPD patients because of their over-
inflated lungs [8]. In fact, reliable echo windows were
not obtained for all COPD patients. RANGANATHAN

and SIVACIYAN [9] reported the usefulness of jugular
venous flow velocity recording for estimation of
pulmonary hypertension in patients with cardiac
disorders. Further, they indicated a clinical and
haemodynamic correlation with jugular venous flow
and emphasized the applicability to bedside evalua-
tion of patients with pulmonary hypertension in
cardiac disorders [12]. In the present study, the
diameter of the inferior vena cava, one of the para-
meters of pulmonary hypertension, did not show a
significant statistical correlation with pulmonary
artery pressure unlike the ratio of Df/Sf velocity.
The diameter of the inferior vena cava could be
measured in 84.4% of patients, as previously reported
[13]. Furthermore, jugular venous Doppler echo was
successfully performed in all patients, while other
cardiac echo methods could not be performed in all
patients and the specificity of this ratio was fairly high
(95.3%) compared with other cardiac echo methods.
The authors suggest that jugular venous flow velocity
recording is applicable for the bedside estimation of
pulmonary hypertension in COPD patients.

The patients with pulmonary hypertension showed
an increase in the ratio of Df/Sf velocity. The jugular
venous flow velocity is known to peak twice; once
immediately in systole and once during diastole [9].
The systolic forward flow is initiated by atrial
relaxation (X descent) [14, 15] but is mainly deter-
mined by the descent of the base (X9 descent) during
ventricular systole, when tracing the ventricle [16 – 18].
This decrease in atrial pressure produced by the
ventricular contraction may be facilitated by the
decrease in pericardial pressures overlying the atrial
surface [19]. The diastolic forward flow occurs when
the tricuspid valve opens. The systolic peak is usually
dominant and corresponds to the X9 descent of the
right atrial pressure pulse. The diastolic forward flow
velocity, which is the nondominant peak in normal
patients, corresponds to the flow from the right atrium
to the right ventricle through the opening of the
tricuspid valve (Y9 descent) in the right atrial pressure
pulse. In the present study, the Df and Sf velocities
were almost equal in patients with mild pulmonary
hypertension (25 – 35 mmHg), whereas the ratio was
more than one (Df velocitywSf velocity) in patients
with severe pulmonary hypertension. The former
pattern would imply an increased right ventricular
filling pressure in early diastole and a secondary
increase in right atrial pressure, while the latter
pattern indicates that right ventricular contractility is
significantly diminished and early right ventricular
failure would be present [9, 12].

The Doppler technique is noninvasive, accurate and
easy to record in most patients. However, the present
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Fig. 2. – Comparison of three noninvasive echo methods. a) Dia-
stolic flow (Df)/systolic flow (Sf) versus mean pulmonary artery
pressure (MPAP); b) acceleration time (AT)/ejection time (ET) in
the pulmonary out flow versus MPAP (n~54); c) predicted systolic
pulmonary artery pressure (sPAP) using echo doppler estimation of
tricuspid regurgitant wave velocity versus MPAP (n~35). All meth-
ods showed significant correlation with MPAP. The method using
Df/Sf was successfully performed in all patients while other meth-
ods could not be performed in all.
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authors think that this method has some limitations,
and various measures should be taken in order to
minimize or avoid technical errors as follows. Firstly,
extreme care must be taken in the presence of
tachycardia or arrythmia as the venous pressure is
unstable in these states [12]. Secondly, the patients
with mild pulmonary hypertension (25 – 35 mmHg)
have variable ratios.

The development and advancement of echo mach-
ines during the past decade has been remarkable. The
present authors propose that jugular venous flow
velocity recording may possibly become one of the
primary bedside methods for estimation of pulmonary
hypertension in chronic obstructive pulmonary dis-
ease patients, so long as attention is paid to the
limitations described above.
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