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Su m mary 

This study was conducted to evaluate the effect of me topro/ol therapy on pulmonary venous flo w pattern in pati
ents with mi/d to modarete mitral stenosis in sinus rhythm. W e studied 23 patients with isofateel mi/d to modera
te mitral stenosis ( mitral va/ve area 1.6±0.3 cm2 ). All patients received me toprolo/i 00 mg o nce daily 01·al/y for 
1 month. Pulsed wave Doppler transesophageal echocardiograpic examination of the pulmonary venous flow 
was pe1jormed at the beginning of the study and after 1 month of treatment. Peak systolic pulmonary venous 
flow (PVs) velocity, PVs velocity time integral (VTI) , peak diastolic pulmonary venous flow (PVd) velocity . 
PVd-VTI, peak pulmonary venous atrial reversal flow (PVa) velocity, PVa-VTI, and PVa durati01ı time were 
measured. 

Peak and mean transmitral gradient, pulmonary artery pressure, systolic and diastolic blood pressure, and 
heart rate, reduced significantly after metoprolol treatment. The pulmonary venous peak systolic ve/ocity, and 
pulmonary venous atrial reversal flow velocity duration time increased significantly from 0.55 ± 0.19 mis to 
0.66 ± 0.12 mis, p<0.05, and from 84 ± 27 to ll 2± 31 msec, p<O.Ol, respectively). Regarding VTI, PVs-VTI 
increased from 10.8±3.2 cm to ll .9±4.3 cm (p<O.Ol ), PVd-VTI increased from 5.1± 2.4 cm to 5.4 ±2.5 cm 
(p<0.05), and PVa- VTJ increasedfrom 2.8±1.1 cm to 3.1±1.3 cm, p<0.05. 

Conclusion: Metoprolol treatment increased pulmonary venous flow as an indicator of improved /eft atrial 
function in patients with mitral stenosis and sinus rhythm. These results may contribute to d iselosing the underl
ying mechanisms of the favourable effects of be ta blockade in mitral stenosis. (Türk Kardiyol Dern Arş 2004; 
32: 239-245) 
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Özet 

Metoprolol Tedavisinin Sinüs Ritimli Hafif-Orta Mitral Varlıklı Hastalarda Transözofajiyal Ekokardiyografi 
ile Elde Edilen Pulmoner Venöz Akım Paternleri Üzerine Etkisi 

Bu çalışma metoprolol tedavisi verilen sinüs ritim/i hafif-orta mitral darlık/ı hastalarda metoprololiin pulmoner 
venöz dalga ölçümleri üzerine etkisini araştırma amacıyla yapıldı . 

Çalışmaya izole hafif-orta şiddette mitral darlığı (mitral kapak alanı 1.6±0.3 cm2) olan 23 hasta almdı. Tüm 
hastalara 1 ay süreyle günde 100 mg oral metoprolol verildi. Tedavi öncesi ve tedavinin birinci aymda transö
zofajiyal ekokardiyografi uygulandı. Zirve sisto/ik pulmoner venöz akım hızı. (PVs), PVs hız-zaman integra/i 
(VTI), zirve eliyasto/ik pulmoner venöz akını hızı (PVd), PVd-VTI , zirve pulmoner venöz atriyal geri akım hiZI 
(PVa), PVa-VTI ve PVa süresi ölçüldü. 
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Zirve ve ortalama transmitral gradiyent, pulmoner arter basıncı , sistolik-diyastolik kan basıncı, ve kalp hızı an
lamlı derecede azaldı. Pulmoner venöz zirve sisto/ik akım hızı , ve pulmoner venöz atriyal geri akım süresi an
lamlı düzeyde arttı (sırasıyla 0.55 ± 0.19 mis'ye karşın 0.66 ± 0.12 mis, p<0.05, ve 84 ± 27 to 11 2± 31 nısn 
p<0.01 ). PVs-VT/, 10.8±3.2 cm'den 11 .9±4.3 cnı'ye yükseldi (p<0.01 ), PVd-VTI, 5. 1± 2.4 cnı'den 5.4±2.5 
cm'ye yükseldi (p<0.05 ), ve PVa- VTI 2.8±1.1 enz'den 3.1 ±1.3 cm'ye yükseldi, (p<0.05 ). 

Sonuç olarak, nıetoprolol tedavisi siniis rifmindeki mitral darlığı hastalarında pulmoner venöz akınılarda artışa 
neden olmaktadır. Bu artış sol atriyal fonksiyonlarda düze/menin bir göstergesi olabilir. Bu sonuçlar mitral 
darlık/ı hastalarda .metopro/ol tedavisinin faydalı etki mekanizmasının aniaşılmasına katkı sağlayabilir. (Türk 
Kardiyol Dern Arş 2004; 32: 239-245) 

Anahtar kelime ler: Metoprof ol, pulmoner venöz akım, transözofajiyal ekokardiyografi 

Rheumatic mitral stenosis (MS) continues to be 
a considerable health problem. Appropriate me
dical treatment with beta blackers has an iınpor
tant role in patients with MS. In cases with MS 
an increase in heart rate during exercise elevates 
the transmitral gradient, thus resulting in increa
sed pulmonary venous pressure and dyspnea ( 1). 

Beta-adrenergic blacking agents reduce the di
astolic pressure gradient across the stenotic mit
ral valve, and thus, pulmonary congestion, by 
decreasing both heart ra te and cardiac output (2). 

Beta blackers may have useful effects on the 
left atrial function in patients with symptomatic 
isolated MS with sinus rhythm. Pulınonary ve
nous flow which is norınally composed of 
systolic and diastolic forward flows and a small 
reversal flow during atrial contraction can be 
examined and assessed by transesophageal ec
hocardiography (TEE). Pulınonary venous flow 
is pulsatile and is affected by changes in left at
rial (LA) pressure, compliance, contractility, 
cardiac rhythm and left ventricular compliance 
(3-8) . The properties of the pulmonary venous 
flow pattern in patients with mitral stenosis and 
normal s inus rhythm are lower pulmonary ve
nous systolic flow (PVs), pulmonary venous di
astolic flow (PV d), and pulmonary venous atrial 
reversal flow (PVa) velocities (9,10). Although a 

variety of altered pattern of pulmonary venous 
flow have been deseribed in MS, the effect of 
beta blackade on the pulmonary venous flow in 
patients with pure MS with sinus rhythm has 
not been clearly documented (9- 14>. The goal of 
this study was to investigate the effect of beta 
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adrenoreceptor blackade with ınetoprolol on the 
pulmonary venous flow in patients with isolated 
MS in sinus rhythm. 

METHODS 

Patients: The study included 23 patients (21 women 
and 2 men, ınean age 38 ± 13 years) who met the 
following criteria: patients with pure or predoıninant 
MS in sin us rhythın at the time of TEE; no ev idence 
of ınoderate or severe mitral regurgitation by TEE 
c ı sı (a maximal regurg itation jet area between 1.5 and 
4 cm2 predicted ınild mitral regurgitation); no echo
cardiographic evidence of aortic stenosis, aortic re
gurgitation and tricuspid stenosis; adequate resting 
heart rate on no current therapy with beta adrenergic 
blocker, calciuın channel blockers or digitalis (heart 
rate>60 beats/min); normal left ventricular systolic 
function deterınined by two-dimensional echocardi
ography; no evidence of obstructive pulınonary or 
coronary heart disease and hypertension; systolic 
blood pressure> 100 ının Hg; good quality Doppler 
and standard echocardiographic tracings and those 
patients who could tolerate repeat TEE and agreed to 
undergo this procedure during follow-up. 

Their diagnosis of rheuınatic MS was based on echo
cardiographic exaıninations. All patients were in si
nus rhythın at the time of the studies. Although it is 
not possible to coınpletely rule out ep isodes of asym
ptoınatic atrial fibrillation , pa tients had no electro
cardiographic docuınented episodes of atrial fibrilla
tion in the pası. No patients had a history of embolic 
event. At the time of echocardiographic studies, 17 
patients were receiving aspirin , and one was recei
ving oral anticoagulant treatment with warfarin. The 
reınaining 5 patients were not receiving anticoagula
tion or antiplatelet therapy. Deınographic features 
are deseribed in Table 1. The study protocol was 
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Table 1. Basa[ elinical and eclıocardiograplıic clıaracte

ristics of study patients 

N 23 

Age (yrs) 38 ± 13 

Men/women 2/21 

Left atrial diameter (cm) 4.2 ± 0.5 

Mitral valv area (cm2) 1.6±0.3 

Left ventricular end-diastolic di arneter (cm) 4.7 ± 0.4 

Lefı ventricular end-systolic dianıeter (cm) 2.8 ± 0.6 

Left ventricular ejection fracıion (%) 63 ±4 

Mitral regurgitation (mild/absent) 17/6 

History of enıbolism o 
Aspirin therapy 17 (74%) 

Warfarin therapy ı (4%) 

Prophylaxis with benzatbine peııicilli ıı G 18 (78%) 

approved by the Science and Ethics Committee of 
our institution. Informed consent was obtained from 
each patient. 

Echocardiographic studies: Before the transesop
hageal evaluation, all patients underwent a complete 
transthoracic examination using a commercially ava
ilable Doppler echocardiography unit (GE Medical 
Systems,Viv id FiVe, Horten, Norway) with a 2.5 
MHz probe. Left ventricular end-diastolic diameter, 
left ventricular end-systolic diameter and left atrial 
diameter were measured from parasternal M-mode 
recordings accordings to standard criteria (16) . Left 
ventricular ejection fraction was determined from 
apical views using a modified Simpson's ru le (17) . 

The mitral valve area was measured by continuous
wave Doppler, according to the pressure half-time 
method cısı . The mean transmitral pressure gradient 
was estimated from the maximal transvalvular flow 
velocity using a modified Bernoulli equation ( t9J. 

Pulmonary artery systolic pressure (PASP) was esti
mated with the modified Bernoulli equation, PASP = 
4V2 + RAP, where V= peak systolic velocity of the 
tricuspid regurg itation je t recorded by continuous 
wave Doppler and right a trial pressure (RAP) was 
assumed to be 10 mmHg (20). 

TEE was performed using a 5 MHz multiplane probe 
(GE Medical Systems,Vivid FiVe). All patients were 
studied in the fasting state using 10% lidocaine spray 
for posterior pharyngeal anesthesia. No sedation or 
atropine was administered. The TEE probe was in-
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serted with the subject lying in the left lateral positi
on. The procedure was performed with continuous 
menitering of heart rate, blood pressure and a one le
ad electrocardiogram. All images were recorded on 
Super VHS videotapes for subsequent analys is. TEE 
was well tolerated by all patients, and there were no 
complications. 

The pulmonary venous flow was measured by posi ti
oning the pulsed wave Doppler sample volume in the 
left upper pulmonary vein approximately 1 cm pro
ximal to its entrance to LA. The Doppler beam was 
oriented as parallel as possible to the flow and no 
angle correction was used. From the pulmonary ve
nous flow velocity tracing PVs velocity, PVs velo
city time integral (VTI), PYd velocity, PVd-VTI, 
PVa velocity, PVa-VTI, and PVa duration time were 
measured. Three cardiac cycles were averaged for 
quantitation. 

Left atrial spontaneous echo centrast (SEC) was di
agnosed by the presence of dynamic "smoke-like" 
echoes in the left atrial cavi ty with a characterist ic 
swirling motion distinct from a white noise art ifact 
after properly adjusting the gain setting. The presen
ce or absence of thrombus and the degree of sponta
neous echo centrast was determined by 2 indepen
dent observers unaware of elinical history. The pre
sence of spontaneous echo centrast was diagnosed 
when dynamic, swirling intracavitary smoke-like ec
hoes were detected, which were differenti ated from 
whi te noise artifact by their characterisıic swirling 
pattern and by careful attent ion to the gain setlings. 
The degree of SEC was categorized as previously 
deseribed (2 t). Mild SEC was defined as being pre
sent if dynamic intracavi tary m icroechoes were seen 
only with high gain , whereas severe SEC was pre
sent if SEC was noted with Iow gain. Echocardiog
raphic characteristics of the patient population are 
deseribed in Table 1. 

Metoprolol treatment: Baseline parameters inclu
ded heart rate, blood pressure, mean transmitral pres
sure gradient, PASP, and left atrial spontaneous echo 
centrast intensity. Each patient was given a intrave
nous bol us dose of 5 mg metoprolol. Ten minutes la
ter, a second set of assessments were perforıned . Af
ter the firs t TEE studies were performed, each pati
ent was given metoprolol succinate controlled relea
se ı 00 mg o nce dai ly for ı month. A second TEE 
study was performed after 1 ınonth of continuous 
oral metoprolol treatment at maintenance dose and 
the measureınents were repeated. 
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Table 2. Clinical and eclıocardiograplıic parometers before treatment, 10 minules 
after metoprolol 5 mg intravenously, and 1 mo nt/ı after oral metoprolol treatment 

p<0.001 , respectively). The 
beta bloeker therapy signifi
cantly attenuated transmitral 
pressure gradient (at baseli
ne 8.8 ± 3.8mm Hg) at 10 
minutes 7.8±3.2 mm Hg 
(p<0.05) and at I month 
6.9±2.5 mmHg (p<O.OI). At 
10 minutes, there was no 
significant change in pulmo
nary arterial systolic pressu
re with metoprolol (at base
line 44±9 mm Hg and at I O 
minutes 42 + 8 mm Hg) but 
1 month later s ignificantly 
decreased (41±10, p<0.02). 

lO min :ıfter l month :ıfter 
Before metoprolol metoprolol 

1-learı raıe (beats/nı in) 85 ± ll 

Systolic blood pressure (mm Hg) 128± 12 

Diasıolic blood pressure (mm Hg) 78± 6 

Mean mitral valve gradient (mm Hg) 8.8 ± 3.8 

Maximal mitral valve gradient (mm Hg) 16.2± 5.1 

Pulmonary arıery pressure (mm Hg) 44±9 

Spontaneous echo comrası (n) 6 

Va/ues are expressed as tlıe mean±S.D; NS, non-significant 
tp value <0.001 vs before treatment 
:tp ı•alue <0.01 vs before treatment 
ap value <0.02 vs before treatmelli 
§ p value <0.05 vs before treatmelli 

Statistics 

Data are presented as mean ± SD. The differences of 
parameters between before and after beta bloeker 
therapy were assessed by the paired t test. Signifi
cance was accepted at the p<0.05 !eve!. The data we
re processed using the software packages SPSS ver
sions 8.0 statistics programme (SPSS Ine, Chicago, 
IL, USA). 

RESULTS 

The mean mitral valve area for patients in this 
study was 1.6±0.3 cm2• All patients were in 
New York Heart Association functional class I 
or II. During the study period, all patients tole
rated the treatment well, and there were no 
complications or adverse effect. 

Heart rate, blood pressure, transmitral pressure 
gradient and pulmonary arterial systolic pressu
re: Before the treatment, baseline heart rate was 
85±1 I beats/min. Metoprolol significantly dec
reased heart rate at 10 minutes (73±10 be
ats/min, p<0.005) and at 1 month (68±19 be
ats/min, p<O.OOl). The treatment by metoprolol 
caused a significant reduction in systolic and di
astolic blood pressures (128±12 1 78±6 mmHg 
at baseline, 124±8 1 75±3 mmHg at 10 minutes 
and at ı month 118±5 1 71±3 mmHg, p<0.05, 

73±lo§ 68 ± 19t 

126±12 ıı8±5t 

76±6 71 ± 3t 

7.8±3.2§ 6.9 ± 2.5* 

15.8±4.8 12.5 ± 3.8* 

42±8 

6 
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4l± l<P 

6 

Pulmonary venous flow velocity and velocity 
time integral: Pulmonary venous flow velocity 
profiles before and after treatment were evalua
ted (Figures 1,2). There was no change signifi
cantly in pulmonary venous flow velocities at 
ı O min u tes after intravenous 5 mg metoprolol 
administration (Table 3). Metoprolol treatment 
resulted in a significant increase in PVs from 
0.55±0.19 m/s to 0.66±0.12 m/s, (p<0.05). Peak 
atrial reversal flow duration time increased from 
84 ± 27 msec to 1ı2±31 msec, (p<O.O 1). Pul
monary venous diastolic flow and atrial reversal 
flow velocity measurements did not differ signi
ficantly before and after metoprolol treatment 
(p>0.05). In velocity time integral, PVs-VTI 
increased from 10.8±3.2 cm to 11.9±4.3 cm, 
(p<0.01 ), PVd-VTI increased from 5.1± 2.4 cm 
to 5.4±2.5 cm (p<0.05), and PVa- VTI increa
sed from 2.8±1.1cm to 3.1±1.3 cm, (p<0.05). 

Spontaneous echo contrast: Before initiation of 
beta bloeker therapy, 6 patients (26%) had a left 
atrial SEC graded as mild in 4 patients (17%) 
and as severe in 2 (9%). After intravenous and 
oral metoprolol therapy, SEC intensity did not 
change in any patients. Diagnostic disagreement 
between the observers in the classification of 
SEC were not found in any patient. 
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Tab/e 3. Pulmonary venous flow data before and after me topro/ol treat
ment bı mitral stenosis in simıs rlıytlım 

ved to be the prominent determinants 
of pulınonary venous systolic flow. In 
mitral stenosis, the left atrial pressure 
overload persists throughout the cardi
ac cycle. This obstructs left atrial fil
ling of blood that drains from the pul
monary veins, because of the reduced 
or blunted systolic flow (12) . During 

systole, blood flows from the pulmo
nary veins to the left atrium at a re lati
vely higher velocity because of the 
suction effect caused by atrial relaxati
on (25) . W ith atrial contraction, rever

sed atrial flow in Iate diastole becomes 

pronounced because of retrograde 

transmission of the high left atrial pres
su re to the pulmonary veins. 

10 min after 1 month after 
Pulmonary venous flow Before metoprolol metoprolol 

PVs (m/see) 0.55±0. 19 0.57±0.16 0.66±0.12t 

PVs- VTI (cm) 10.8±3.2 11±3.5 11.9±4.3t 

PVd {nı/sn) 0.38±0.9 0.39±0.9 0.40±0.8 

PVd- VTI (cm) 5.1±2.4 5.1±2.4 5.4±2.5t 

PVa (m/sn) 0.22±0.6 0.24±0.6 0.28±0.7 

PVa- VTI (cm) 2.8±1.1 2.9±1. 1 3.1±1.3t 

PVa-DT ( ııısec) 84± 27 88±22 112±31t 

Values are expressed as tlte mean±S.D; PVs, peak systolic pulmonary venousflow 
velociry; PVd, peak diasrolic pulnıonary venous flow velocity; PVa, peak pulmo
nary venous arrial re versal flow velociry; VTI, velocity rime integral; PVa-DT. pu/
monary venous atrial reversal flow duration time. 
t p value <0.01 vs bejare treatmelli 
t p value <0.05 vs bejare treatment 

D ISCUSSION 

Blunted pulmonary venous flow and reduced 
left atrial function has been deseribed in pati
ents with mitral stenosis but the effect of beta 
blackade on pulmonary venous flow is not well 

known in patients with mitral stenosis in sinus 
rhythm {8, IO, I2,22,23) _ A decrease in distensibility 

can result from an increase in left atrial pressu
re, volume, or both. Therefore, left atrial disten
sibility may be the most important mechanism 
(24) . Thus left atrial size and function are beli e-

Figure 1. Transesophageal Doppler echocardiographic re
cordings showing remarkably blunted pulmonary venous 
peak systolic velocity in a patient with mitral stenosis be
fo re meıoprolol treatment 
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Some studies have suggested that beta blackers 
may be usefu l in patients w ith MS (26,27) . B eta 

blackers are expected to alleviare the symptoms 
of pulmonary congestion and decrease the trans
mitral pressure gradient. On one hand, beta 
blackers decrease heart rate, prolong the diasto

lic filling period and attenuate the transmitral 
pressure gradient. On the other hand, negative 
atrial inotropism is potentially harrnful (28) . 

Based on this information, we investigated 
whether beta bloeker therapy may affect LA 

Figure 2. Relatively increased pulınonary venous peak 
systolic velocity after 1 ınonth of oral metoprolol trcat· 
ınent. (Pulmonary venous peak systolic velocity increased 
from 64 to 75 cm/s). 
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function in patients with MS, and, we observed 
that metoprolol cou ld be favourable on pulmo
nary venous flow ve locities in patients having 
mild and moderate MS with sinus rhythm. To 
the best of our knowledge, this is the first elini
cal report assessing the effects of a beta bloeker 
on pulmonary venous flow velocities in patients 
with MS. 

A positive effect of metoprolol was the reducti

on in mean transmitral pressure gradient and 
heart rate at 1 O min u tes and at ı month. These 

changes were associated with a significant imp
rovement in pulmonary venous flow velocities. 
The mechanism underlying the improvement in 
PVs velocity after the administration of metop
rolol is not clear. A possible explanation for this 
result is that the decrease in transmitral pressure 
gradient and left atrial pressure induced by me

toprolol could have contributed to an improve
ment in PVs velocity. Tabata et al. found that 
PVs and PVd flows were decreased signifi
cantly in MS patients compared to control s (9). 

These results could demonstrate that evaluation 
of the pulmonary venous flow velocities may be 
helpful in unders tanding the hemodynamic 
events between the left atrium and left ventricle 
in patients with mitral stenosis. 

In previous studies, it was determined that 
~-blocker therapy significantly improves exerci
se capacity in patients with symptomatic isola
ted MS with sinus rhythm. This improved effort 
tolerance was due to reduction of the exercise
associated s inus tachycardia by beta adrenergic 
blockade, allowing a la nger diastolic fi lling pe
riod and better left atrial decompression (26,27) . 

Metoprolol is thought to cause a significant inc
rease in pulmonary venous flow secondary to 
decreased left atrial pressure. Lee et al. investi
gated the relation between left atri al pressure 

and pulmonary vein systolic pressure in the pa
tients with MS. They performed percutaneous 
balloon valvuloplasty and found that as the left 
atrial pressure increases, pulmonary venous 
systolic flow decreases (13). S imilar Iy, we de-
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monstrated that beta blackade could cause an 
increase in pulmonary venous systol ic flow by 
decreasing left atrial pressure. 

In the present study, we observed a significant 
improvement of PVs, PVs-VTI, PVd-VTI, PVa
VTI, and PVa duration time after ı month use 
of metoprolo l. These findings may show that 
metoprolol has beneficial effects on pulmonary 

venous flow pattern in MS patients. These 
changes were consistent with marked reductions 

in left atrial wall tension and in transmitral gra
dient as indicator of LA pressure . It is like ly 
that LA infl aw dynamics could change after 
metoprolol treatment. 

Study timiration 

Only the left upper pulmonary vein was interro

gated in a ll the studies because this was the 
most readily visible vessel. Since the study was 
limited to one month , Ja ng term resu lts of the 
beta bloeker therapy can not be predicted. Besi
des, effects of beta blackade on SEC and throm
bus formatian on long term are not known. We 
chose to examine patients with sinus rhythm as 
the study group because patients with mild to 
moderate degrees of MS are generally in sinus 

rhythm. Therefore our results may not be extra
polated to patients with MS in atrial f ibrillation. 
Further studies are necessary to evaluate whet
her these favourable results of beta blackade on 
pulmonary venous flow can be extrapolated to 
patients with MS and atrial f ibri ll ation. This 
study had a rather smail patient population, ho
wever the measurements of pulmonary venous 

flow velocities were assessed on a prospective 

basis. 

Conclusion 

This study suggests that metoprolol therapy 
may have a beneficial effect on pulmonary ve
nous flow velocities in patients with MS in si
nus rhythm. 
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