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Echocardiographic and haemodynamic examinations were performed
on 31 patients with mitral stenosis and on 49 patients with repurrent pulmonary
embolism. The echocardiographic examination of the pulmonary valve was
successful in 71 per cent and the measurement of right ventricular wall thickness
in 95 per cent of patients. In patients with established pulmonary hypertension
(mean pulmonary artery pressure 20 or more mm Hg) we observed a tendency
to increased right ventricular wall thickness (r = 0.47, p < 0.001), the flattening
of the e—f slope (r = 0.47, p < 0.001) and a diminished @ dip (r = 0.36, p <
< 0.001) on pulmonary valve echocardiograms. The higher correlation with
mean pulmonary artery pressure (PAP) was found for the RPEP/RVET ratio
(r = 0.55, p < 0.001) and for the right ventricular internal dimension (r = 0.65,
p < 0.001). The most reliable indicator of pulmonary hypertension is the ratio
of the right to the left ventricular dimension (» = 0.68, p < 0.001). Echocardio-
graphic parameters were compared with ECG parameters of the right ventricle
hypertrophy.

1. Introduction

The degree of pulmonary hypertension (PH) is one of the most important
prognostic factors in chronic pulmonary diseases. Moderate PH (mean pul-
monary artery pressure 20-30 mm Hg) cannot be reliably detected by clinical
methods — it can be only confirmed by direct pulmonary artery pressure mea-
surements. Fehocardiography is a modern non-invasive method, which makes
possible the detection of the pulmonary valve (PV) and the measurement of the
right ventricle (RV). The aim of our study is the critical reassessment of the
diagnostic value of echocardiography in the detection of PH.
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2. Methods

We studied two groups of patients: one group with reccurent pulmonary
embolism (PE), who underwent heart catheterization and pulmonary angio-
graphy and another group with mitral stenosis (MS), also confirmed by haemo-
dynamic examination. Echocardiographic examination was ecarried out by the
one-dimensional M-mode technique with the Echo-cardio-Visor 03 (Organon
Teknika, Holland). A 2.25 MHz transducer placed in the standard left para-
sternal position was used. We paid special attention to the echocardiogram of
PV and RV. The interval between the invasive and non-invasive examinations
ranged from 2 to 4 days.

The PV was examined in 49 patients with PE and in 31 patients with MS
(average age 45.5 years). In the echocardiogram of the PV we evaluated diastolic
¢ —{ slope, systolic opening b —e slope and the maximum amplitude of the a dip.
Using simultaneously recorded ECG we determined the right ventricular pre-
ejection period (RPEP) — as the interval between @-wave and the onset of
the valve opening, and the right ventricular ejection time (RVET) — as the
interval between the valve opening and its closure. We used the RPEP/RVET
ratio in our study.

RV examination was performed in 36 patients with PE and in 31 subjects
with MS (average age 44.2 years). The right ventricular internal dimension
(RVID) and right ventricular wall thickness (RVWT) were estimated at the
peak of the R-wave of ECG. In cases when the endocardium could not be reliably
identified, we suggest the RVD estimation 5 mm behind the anterior chest
wall, as recommended by MATSUKURBO et al. [13]. The examined echoparameters
of the PV and the RV were compared with the mean pulmonary artery pressure
(PAP).

We decided to prove the possibility of the combination of echocardio-
graphic and electrocardiographic examinations in the detection of PH. We con-
sidered the echocardiographic examination to be positive when the right ventri-
cular diameter was above 30 mm and /or the ratio of the right to the left ventri-
cular diameter was higher than 0.5. In the case when the right ventricular wall
was above 5 mm we considered the echofinding as positive only when at least
one abnormal pulmonary valve parameter was present (i.e. the e —f slope above
15 mm/s, the a dip 2 mm or less, and the RPEP/RVET ratio 0.5 or more).
The electrocardiographic criteria of PH established by WIDIMSKY [25] were
evaluated in our study. For positive diagnosis of PH in combination of both
methods, either the positive echocardiography or the positive ECG was eonsi-
dered sufficient.

3. Results and discussion

The PV echogram of good quality was obtained for 57 patients, i.e. in 71
per cent. Echocardiographic detection of the PV is very difficult due to the
anatomic position of the PV with respect to the anterior chest wall and its ten-
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dency to be overlapped by pulmonary tissue durin g at least a part of the respi-
ratory eyele [23]. Successful imaging of the PV is reported to range between
19.6 and 80 per cent [1,2,9,11,14,15,19] and this percentage seems to be
higher in PH, when the PV echo becomes stronger and more easily detectable
[6,19]. The success rate is rather low in patients with chronic obstructive
lung disease. 2w

We observed only loose correlation between PAP and the pulmonary
valve e —f slope flattening (Fig. 1) with correlation coefficient 0.47 ;and no corre-
lation was found between the mean pulmonary artery pressure and the pul-
monary b—c slope. o

We found an inverse but also loose linear correlation between PAP and
the depth of the a dip (correlation coefficient was 0.36 — Fig. 2). All of these
parameters may vary with respiration and, therefore, regular breathing should
be maintained during echocardiographic examination [6,23]. The depth of
the a dip is caused by the contraction of the right atrium and it depends signifi-
cantly on the pressure gradient between the pulmonary artery and the right

ventricle in the end diastole [14]. In patients with severe PH (F;E over 40 mm
Hg) it is completely absent, but in the presence of RV failure the a dip oceurs
again, or its depth increases [1, 2, 7, 10, 12, 14, 24]. It may also be influenced
by the contraction of the enlarged left atrium in patients with MS [16]. We think
therefore that the e —f slope and the a dip yield only complementary informa-
tion in patients with existing PH.

The highest correlation coefficient in PV examination was found between

the RPEP/RVET ratio and PAP: r = 0.55 (Fig. 3). This ratio is the most fre-
quently used parameter for detection of the present PH, because it does not vary
with respiration and age [8]. As the difficulties with the accurate determination
of the end of the RVET are well known (we were successful in 46 subjects), it
was recommended to record the echocardiogram and the phonocardiogram
together [17,20].

The evaluation of the RVID and especially the determination of the RVWT
are also associated with a number of technical problems (the precise identifi-
cation of the endocardium and the epicardium of RYV). The successful rate of
good quality of the RVWT echogram depends on the site of visualisation, the
position of the patients, the position, angulation and type of transducer [22].
In our study the successful estimation of this parameter was possible in 95 per
cent of patients. e

The RVWT exhibited a loose correlation with PAP: r = 0.47 (Fig. 4),
the specificity of this seems to be limited as well, probably due to technical
problems with precise measurement.

A various degree of RV dilatation was demonstrated in patients with PH
[6, 11,15, 18, 21]. DEVEREUX ef al. [4] demonstrated a significant relation
between the RVID and the RV mass at autopsy. We found a significant correla-

tion between this parameter and PAP: » = 0.65 (Fig. b). The increase of this
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Fig. 1. The correlation between ¢—jf slope, b—¢ slope and PAP
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Fig. 2. The correlation between the a dip of the pulmonary valve and PAP
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Fig. 3. The correlation between the RPEP/RVET ratio and PAP
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RVID oA

{mml|
50
40 5
L ]
o
P TR . y=0454x+13.322
{ 0Ty r=0651
| p=<0.001
20 F I n=67
| o PE
. ;..o i r ° o MS
[ ] rig J——
10 L 130, 2804 533 667 &0 933 1067 kPa PAP
0 0 20 30 40 50 60 70 80 (rmm Hgl

Fig. 5. The correlation between the RVID and PAP

parameter without any coexisting PH above 30 mm was observed only in one
patient. On the contrary, false negative results were relatively frequent.
The best correlation was found between PAP and a very simple parameter
that was the ratio of the right to the left ventricular diameter (E/L), Fig. 6.
We consider the increase of this ratio above 0.5 a reliable indicator of severe PH.
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We also believe that only this ratio is useful for individual evaluation. Its value
can be influenced adversely by diminished size or by altered shape of the left
ventricle and also by the presence of the right ventricular volume overload. Using
twodimensional echocardiography there is an easier and more precise direction-
ing of the ultrasonic beam traversing the RV.
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Fig. 6. The correlation between the R/L ratio and PAP

In Table 1 the number of patients with positivity or negativity of ECG,
ECHO and their combination is presented. ECG was never false positive, but
it was false negative in 10 patients (i.e. 38 per cent). In echocardiographic exam-
ination we found 2 false positive and 8 false negative findings. The combination
of both methods yields more reliable results. Table 2 shows specificity and

Table 1. The number of patients with positive or negative ECG, ECHO or their

combination
PAP ECG ECHO ECG +ECHO
n s e
(mm Hg] pos. neg. | pos. ‘ neg. pos, | neg.
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Table 2. Specificity and sensitivity of ECG,
ECHO and their combination

Specification | ECG | ECHO |[ECG +ECHO

sens. [%] ' 61.5
spec. [%] [ 100.0

93.9 93.9

69.2 \ 80.8
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sensitivity of both methods. As the ECG was never false positive, the specificity
in combination remained high and the sensitivity raised. The results indicate
that both methods should be used together.
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