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Electrocardiographic right ventricular hypertrophy predicts
the severity of pulmonary hypertension in patients
with mitral stenosis

Elektrokardiyografik sag ventrikiil hipertrofisi mitral darligi olan hastalarda
pulmoner hipertansiyonun ciddiyetini belirler

Ali Deniz, M.D., Miicahit Tifenk, M.D., Esmeray Acartiirk, M.D.

Department of Cardiology, Cukurova University Faculty of Medicine, Adana

ABSTRACT

Objectives: Rheumatic heart disease is still common in
developing countries. Mitral stenosis impedes left atrial
emptying, increases left atrial and pulmonary venous pres-
sure, and thus causes pulmonary hypertension. Pulmonary
hypertension results in right ventricular hypertrophy (RVH),
implying that the disease is long lasting and needs inter-
ventional treatment. The aim of our study was to predict the
severity of pulmonary hypertension in patients with mitral
stenosis by evaluating electrocardiographic RVH.

Study design: Patients admitted to our hospital with mitral
stenosis were evaluated. Their clinical, electrocardiograph-
ic, and echocardiographic parameters were recorded. Elec-
trocardiographic RVH was diagnosed when at least 2 of the
following criteria were present at the same time: V1R+V5S
or V6S >10.5 mm, VIR >6 mm, R>S in V1, V1 S <2 mm,
V6 R/S <0.4, V5.6 R <3 mm, aVR R >4 mm, and right axis
deviation.

Results: Sixty-seven patients (13 males, 54 females; mean
age: 44.9+14.5 years; range 18 to 80 years) were included
in the study. One male patient and 14 female patients were
diagnosed as having electrocardiographic RVH. Pulmonary
arterial pressure, right atrial and ventricular dimensions,
peak and mean transmitral gradients were higher, and mitral
valve area was lower in patients with RVH. The presence
of RVH predicted pulmonary arterial pressure as 60 mmHg
or higher with the sensitivity of 93% and specificity of 92%.

Conclusion: Electrocardiographic RVH was found to be
related to more severe mitral stenosis, higher pulmonary
arterial pressure, and larger right heart chambers. RVH can
be a simple and useful parameter to predict the severity of
pulmonary hypertension.

OzET

Amac: Romatizmal kalp hastaligi gelismekte olan Ulkelerde
hala yaygindir. Mitral darligi sol atriyum dolusunu engelle-
yerek sol atriyum ve pulmoner vendz basinci artirir ve pul-
moner hipertansiyona yol agar. Pulmoner hipertansiyon ise
hastaligin uzun siredir var oldugunu ve girisimsel veya cer-
rahi tedavi gerektigini gésteren sag ventrikul hipertrofisine
(SVH) yol acar. Bu ¢alismada, elekirokardiyografik (EKG)
SVH degerlendirilerek mitral darhgin yol actigi pulmoner hi-
pertansiyonun ciddiyeti arastirildi.

Calisma plani: Hastanemize bagvuran ve mitral darhgi ta-
nisi alan hastalar ¢calismaya alindi. Klinik, EKG ve ekokar-
diyografik veriler kaydedildi. Elektrokardiyografik olarak
SVH tanisi su bulgulardan en az ikisinin varligi ile koyuldu:
V1R+V5S veya V6S >10.5 mm, VIR >6 mm, Vi'de R >S,
V1S <2mm, V6 R/S <0.4, V5.6 R <3 mm, aVR R >4 mm ve
sag eksen sapmasi.

Bulgular: Altmis yedi hasta ¢calismaya alindi (13 erkek, 54
kadin; ort. yas: 44.9+14.5, daghm 18-80 yas). Bir erkek ve
14 kadin EKG olgutlerine gére SVH tanisi aldi. Elektrokar-
diyografik SVH bulunan grupta pulmoner arter basinci, sag
atriyal ve sag ventrikuler boyutlar, zirve ve ortalama trans-
mitral basin¢ gradiyenti yiksek, mitral kapak alani duguk
olarak bulundu. Elektrokardiyografik SVH’nin %93 duyarli-
lIk ve %92 6zgullik ile sistolik pulmoner arter basincini 60
mmHg veya Uzeri olarak 6ngérdigi saptandi.

Sonuc: Elektrokardiyografik SVH’nin, daha ciddi mitral dar-
lg1 daha yuksek pulmoner arter basinci ve sag kalp bos-
luklarinda genigleme ile iligkili oldugu bulundu. Bu nedenle
elektrokardiyografik SVH klinik pratikte pulmoner hipertan-
siyon ciddiyetini belirlemede basit ve kullanigl bir ydntem
olarak degerlendirilebilir.
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ince the prevalence of rheumatic fever is high in

developing countries,!! mitral stenosis is still com-
mon and causes substantial morbidity. In a retrospec-
tive analysis of the data acquired from transthoracic
echocardiography of almost 44,000 subjects screened
between 2003-2008 in the southeastern region of Tur-
key, 4.3% of the patients were found to have rheumat-
ic heart disease.”” In mitral stenosis, leaflet thicken-
ing, calcification, and commissural and chordal fusion
result in narrowing of the valve area and impedence
of left atrial emptying, therfore increasing left atrial
pressure. Pulmonary hypertension, and subsequently
right ventricular overload, follow left atrial pressure
elevation. Although these pathophysiological conse-
quences of mitral stenosis are well known, the quanti-
tative relationship between right ventricular hypertro-
phy (RVH) in ECG and pulmonary hypertension has
not been well studied in patients with mitral stenosis.

The main purpose of our study was to predict the
severity of pulmonary hypertension measured by
echocardiography in patients with mitral stenosis by
evaluating the presence or absence of electrocardio-
graphic RVH.

PATIENTS AND METHODS

Sixty-seven patients with mitral stenosis and sinus
rhythm admitted to our hospital were reviewed ret-
rospectively. Their clinical, electrocardiographic, and
echocardiographic parameters were evaluted. Electro-
cardiographic RVH was diagnosed when at least 2 of
the following criteria were present at the same time:
VIR+VS5S or V6S >10.5 mm, VIR >6 mm, R >S in
V1, VIS <2 mm, V6 R/S <0.4, V5.6 R <3 mm, aVR
R >4 mm, and right axis deviation.’! Patients were
categorized as having RVH or not. All patients were
examined in the left lateral and supine positions by
precordial M-mode, two-dimensional, and Doppler
echocardiography. Left ventricle end-diastolic, left
ventricle end-systolic, and left atrial end-systolic di-
ameters were measured from M-mode in the para-
sternal long-axis views. Planimetric mitral valve area
was measured in the parasternal short axis view by
tracing the restrictive mitral orifice in middiastole.
Mitral valve area and transmitral gradients were also
evaluated by Doppler echocardiography for determin-
ing the severity of the mitral stenosis. Systolic pul-
monary artery pressure was evaluated by tricuspid
regurgitation velocity. Doppler echocardiographic
parameters were measured according to the standards

of American Society of Echo-  pppreviations:
cardiography.”! Left ventricu- v a1 gbrittation
lar ejection fraction, left atrial ~ ECG  Electrocardiography
diameter, mitral valve area, RVH Rightventricular

. hypertrophy
peak and mean gradients of
the mitral valve, the degree of valvular regurgitations,
the dimensions of right heart chambers, and pulmo-
nary artery systolic pressure were compared with the
electrocardiographic RVH.

Statistical analysis

Distribution of the data was assessed using a one-sam-
ple Kolmogorov-Smirnov test. Continuous variables
with a normal distribution are expressed as mean+SD,
while categorical variables are expressed as percent-
age. For comparison of categorical variables or per-
centages we used Fisher’s exact and chi-square tests.
Continuous variables were compared by Student t
tests. Correlation was tested with the Pearson correla-
tion coefficient. A p value below 0.05 was considered
to be statistically significant.

RESULTS

Of the 67 patients with mitral stenosis, 15 (22%) had
electrocardiographic RVH. One in 15 patients with
RVH and 12 in 52 patients without RVH were males.
The mean age of the patients with RVH in ECG was
38.1+13.7 years, and the mean age of those without
RVH in ECG was 46.9+14.3 years (p=0.02). Mitral
valve area was found to be lower in the RVH (+)
group, while peak and mean transmitral gradients,
right atrial and right ventricular dimensions, and
systolic pulmonary arterial pressure were higher.
The difference in the left atrial diameter between the
groups was not statistically significant (p=0.26). The
echocardiographic findings are summarized in Table
1. There were no aortic or tricuspid stenoses in the
whole group. The presence of electrocardiographic
RVH predicted systolic pulmonary artery pressure as
60 mmHg or higher with the sensitivity and specific-
ity of 93% and 92%, respectively, and predicted the
mean transmitral gradient as 10 mmHg or higher with
the sensitivity and specificity of 87% and 73%, re-
spectively.

DISCUSSION

The main finding of our study was the prediction of
systolic pulmonary arterial pressure being 60 mmHg
or higher in patients with electrocardiographic RVH
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Table 1. Basic characteristics and echocardiographic findings of patients with and without RVH

Variable RVH (+) (n=15) RVH (-) (n=52) p

n Mean+SD n Mean+SD
Age (years) 38.1+13.7 46.9+14.3 0.02
Gender (male / female) 1/14 12/40
Left atrial diameter (cm) 50+5 4918 0.26
Ejection fraction (%) 62+4 6315 0.29
Mitral valve area (cm2) 1+0.2 1.4+0.3 0.01
Peak transmitral gradient (mmHg) 28+9 17+6 0.02
Mean transmitral gradient (mmHg) 1545 9+4 0.02
Right atrial diameter (cm) 43+8 3548 <0.001
Right ventricular diameter (cm) 38+7 31+4 <0.001
Systolic pulmonary artery pressure (mmHg) 79+20 44412 <0.001

RVH: Right ventricular hypertrophy.

with a sensitivity and specificity of 93% and 92%,
respectively. The quantitative relationship between
electrocardiographic RVH and the severity of pul-
monary hypertension has not been studied well in pa-
tients with mitral stenosis. It has been reported that
approximately half of the patients with a right ven-
tricular systolic pressure between 70 and 100 mmHg
manifest the ECG criteria of RVH.P! Electrocardio-
graphic RVH indicates a mean pulmonary pressure of
40 mmHg or higher, but the sensitivity of these cri-
teria for the detection of pulmonary hypertension in
mitral stenosis has not been evaluated.!*” RVH causes
electrocardiographic changes such as tall R waves
in V1, V2 and aVR, and deep S waves and small r
waves in lateral precordial leads. Although the sen-
sitivity of each electrocardiographic RVH criteria is
generally as low as 10%, the specificty is high, being
greater than 90%."% Because the sensitivity of each
criteria has been stated to be low, hypertrophy should
be severe enough to produce electrocardiographic
changes. Therefore, electrocardiographic evidence of
RVH may be valuable in assessing the severity of pul-
monary hypertension, and thus that of mitral stenosis.
Donoso et al.”! found that the QRS axis in the frontal
plane correlated with the level of pulmonary vascular
resistance in patients with pure mitral stenosis, with
an axis greater than +60° suggesting a mitral valve
area of less than 1.3 cm?.

Acute rheumatic fever and rheumatic heart dis-
ease are still major health problems in developing

countries, and rheumatic fever is the leading cause of
acquired heart disease in children and young adults.
0.1 The diagnosis and determination of the severity
of mitral stenosis should be based on clinical evalua-
tion, and investigations including ECG, chest X-ray,
echocardiography, and heart catheterization whenever
needed. Although transthoracic echocardiography
with Doppler evaluation is the mainstay for the di-
agnosis and also for the determination of the severity
of mitral stenosis, ECG is the most easy and primary
tool for cardiac evaluation. ECG findings such as left
atrial abnormality and RVH are not specific for mitral
stenosis, but the presence of these abnormalities in a
patient with known mitral stenosis may imply that the
disease is at least in a stage of moderate severity.

Pulmonary arterial hypertension is often found in
symptomatic patients with mitral stenosis, and it could
have prognostic implications and trigger the need for
therapeutic interventions.!'?! Chronically elevated left
atrial pressure leads to pulmonary venous hyperten-
sion and remodeling of the pulmonary arterial vascu-
lature. Pulmonary hypertension leads to RVH, right
ventricular dilation, and eventual right heart failure.
Right ventricular dysfunction, which may be caused
by pulmonary hypertension, has been shown to be a
major determinant of clinical outcome.!*'¥

The main limitation of this study is the relatively
low number of patients due to the exclusion of pa-
tients with atrial fibrillation (AF). The reasons for the
exclusion of AF patients were the diversity of heart
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rate in patients with AF and the variability of tricuspid
regurgitation from beat to beat, which may cause er-
rors in the determination of systolic pulmonary arte-
rial pressure.

In conclusion, we demonstrated that there is a cor-
relation between RVH in ECG and the degree of pul-
monary hypertension, which is also correlated with
the severity of mitral stenosis. Since systolic pulmo-
nary arterial pressure greater than 50 mmHg is con-
sidered to be an indication for intervention in patients
with mitral stenosis, electrocardiographic RVH may
imply that interventional treatment should be consid-
ered soon. We think that these ECG criteria may also
be useful for general practitioners, because ECG is a
simple and widely available diagnostic tool.
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