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Abstract 
 In patients with mitral stenosis, there is poor correlation between the severity of mitral stenosis, 
as measured by the mitral valve area and the magnitude of pulmonary hypertension. We tested 
the hypothesis that left atrial compliance is a major factor determining the height of pulmonary 
artery pressure in patients with pure mitral stenosis and sinus rhythm. 
 The right sided and left atrial trans-septal catheterization data was analyzed in 84 patients (67 
females, 17 males) with pure MS and sinus rhythm. Pulmonary artery peak systolic, diastolic 
and mean pressures were obtained through right sided catheterization. The magnitude of the 
LA a and v waves and the mean (m) LA pressure were measured directly through trans-septal 
catheterization. A non-compliant LA was considered to exist if the LA v_m pressure difference 
equaled to or exceeded 10 mmHg. The mitral valve area was determined by echocardiographic 
and Doppler methods, as were the LA size, LV systolic and diastolic dimensions, and the LV 
ejection fraction. Multiple regression analysis was performed to determine the most important 
factor in the determination of pulmonary artery pressure. 
 Fifty four patients had PAPs≥50 mmHg, 41 of whom had non- compliant LA. Of the 30 patients 
with PAPs<50 mmHg, 9 had non compliant LA (P<0.0005).There was no significant difference 
in the mitral valve area between the two groups with and without severe pulmonary 
hypertension (0.64±0.18 versus 0.73±0.14 cm2, P=0.13). Analysis of the 30 patients with 
PAPs<50 mmHg showed significantly higher systolic and mean PA pressure in the 9 patients 
with non-compliant LA (PAPs 40.55±4.64 vs 35.58±7.46 mmHg, P<0.01; PAPm 30.24±3.56 
versus 23.15±5.68 mmHg, P<0.01). 
 In conclusion, impaired LA compliance contributes at least in part to the development of 
pulmonary hypertension, and may well be the major mechanism responsible for the 
development of pulmonary hypertension in patients with pure mitral stenosis and sinus rhythm. 
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Introduction 
ulmonary hypertension develops in 

patients with mitral stenosis and may 

dominate the clinical picture of these 

patients. It also has adverse effect on the 

functional status, exercise tolerance and 

prognosis
1
. 

 The mechanism of pulmonary 

hypertension with mitral stenosis is 

known to be a complex process. 

Pulmonary hypertension may result from: 

1- Passive backward transmission of the 

elevated LA pressure; 2- Pulmonary 

arterial constriction, which presumably is 

triggered by LA and pulmonary venous 

hypertension (reactive pulmonary 

hypertension); 3- Organic obliterative 

changes in the pulmonary vascular bed
2 

.       

Vasoactive substances like endothelin and 

adrenomedullin have also been linked to 

the development of pulmonary 

hypertension
3,4

. 

 It is generally thought that the severity of 

mitral stenosis and the resultant increase 

in the left atrial pressure are important 

P 
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factors affecting the development of 

secondary pulmonary hypertension. 

However, there is a wide spectrum of 

pulmonary pressure in patients with 

severe mitral stenosis, despite the similar 

severity of mitral stenosis
5,6

. It was once 

thought that coexisting pulmonary disease 

might contribute to the excessive 

elevation in the pulmonary arterial 

pressure
2
. Alternatively, it was suggested 

that the duration of mitral stenosis is a 

contributing factor for the development of 

pulmonary hypertension. This 

explanation remains far from complete, 

since the actual mechanism of pulmonary 

hypertension is still unexplained. 

 The effect of left atrial compliance was 

raised as an important determinant of 

cardiovascular performance and 

pathophysiology of mitral stenosis. In 

contrast to the mitral valve area, which is 

frequently measured, left atrial 

compliance is seldom measured
1,5-7

.  

Compliance is defined as the change in 

pressure per unit change in volume or 

dp/dv
8,9

. In practice, LA compliance is 

measured during left atrial catheterization 

and is defined as the difference between 

the height of the left atrial v wave and the 

mean LA pressure or simply the peak 

value of the v wave
7
. 

 In this study we tested the already 

existing hypothesis that LA compliance is 

the main determinant of PA pressure in 

patients with pure mitral stenosis and 

sinus rhythm. 

 

Patients and methods 
 Study population: From November 2001 

till August 2004, all patients who 

underwent PTMC were included in this 

study. Data of all patients were reviewed, 

including the history and physical 

examination, CXR, and ECG. The 

echocardiographic studies, both trans-

thoracic and trans-esophageal, were 

carefully reviewed; specifically, the 

mitral valve area was determined by one 

or both of two methods, i.e. direct 

planimetry of the mitral valve and/or 

pressure half-time of the continuous wave 

Doppler signal of the LV inflow
2
. 

 As a prerequisite for PTMC, all patients 

had their heights and weights measured 

and body surface areas calculated 

immediately before the procedure. 

 Exclusion Criteria: Excluded from the 

study were patients with atrial fibrillation, 

those who had associated coronary artery 

disease, and those with any degree of 

mitral regurgitation. Patients with mild 

aortic insufficiency who were eligible for 

PTMC were not excluded. 

Catheterization Technique: After 

obtaining the patient's informed consent, 

both the arterial and venous circulations 

were accessed via the femoral route 

according to a standard protocol
10,11

. The 

pulmonary artery pressure was measured 

directly during catheterization using a 

catheter inside the main pulmonary 

artery, as were the aortic, LV systolic, 

and LV end diastolic pressures. The left 

atrium was entered by the trans-septal 

technique
10

, which permitted direct 

measurement of pressure during the 

various phases of the cardiac cycle, as 

well as the mean LA pressure, and 

elucidation of the pressure waveform 

pattern, which was recorded on graphic 

paper. The mean diastolic pressure 

gradient across the mitral valve was 

calculated by subtracting the LVEDP 

from the simultaneously recorded mean 

LA pressure. The LA pressure waveform 

was analyzed offline, the height of the v-

wave and the mean LA pressure were 

averaged for 5 cardiac cycles. 

Calculation of LA compliance: LA 

compliance was calculated by subtracting 

the mean LA pressure from the height of 

the v-wave
7
. According to a predefined 

convention, a non compliant LA was 

considered to be present if the peak v-

wave-mean LA pressure difference was≥ 

10mmHg
12

. The patients were divided 

into two groups according to the PAPs 

(≥50mmHg or <50mmHg), with 54 

patients with PAPs ≥50mmHg and 30 

patients with PAPs<50mmHg. 
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Statistical Analysis: All continuous 

variables were presented in mean (±SD) 

and all absolute variables were presented 

in numbers and percent. 

A univariate logistic regression analysis 

was done using the correlation coefficient 

(r), looking for the correlation between 

pulmonary arterial systolic pressure 

(PAPs) as a dependant variable and 

measures of severity of mitral stenosis 

(LA peak v wave pressure, LA mean 

pressure, mitral valve area, mean pressure 

gradient by catheterization). A 

multivariate analysis was done to verify 

which of the measures of mitral stenosis 

severity correlates most with pulmonary 

hypertension.  

The hypothesis was considered 

significant when the P value is <0.05. 

 
Results 
 The total number of patients was 84. 

They were divided into two groups 

according to the pulmonary artery 

systolic pressure, 54 patients (64.3%) had 

PASP ≥50 mmHg; and 30 (35%) had 

PASP < 50 mmHg. There was no 

significant difference in mean age, the 

male: female ratio, left ventricular 

dimensions, or the ejection fraction 

between the two groups (table I). As is 

shown in table II, there was no significant 

difference in LA diameter and mitral 

valve area between the two groups. On 

the other hand, the two groups differed 

significantly regarding the mean pressure 

gradient across the mitral valve, mean LA 

pressure, and the height of the LA v wave 

(P<0.0005) (figures 1,2&3). 

 Of the 54 patients with severe pulmonary 

hypertension, 41 had large LA v_m 

difference exceeding 10 mm Hg. On the 

other hand, of the 30 patients with PASP 

< 50 mm Hg, 9 had LA v_m ≥10mm Hg 

(table III). In the latter group, the mean 

values of systolic and mean PA pressures 

were significantly higher in those patients 

with LA v_m ≥10 mmHg (P< 0.01 for 

each) but there was no significant 

difference in mitral valve area and mean 

trans-mitral pressure gradient between the 

two subgroups (P=0.3 &0.6 respectively). 

 Relation between PAPs and measures of 

mitral stenosis severity: there was a 

strong correlation between the severity of 

pulmonary hypertension and peak left 

atrial v-wave pressure, mean left atrial 

pressure and mean pressure gradient 

through the mitral valve by 

catheterization (P<0.0005 for each). From 

the multivariate analysis, LAPv was the 

most important factor correlating with 

PAPs, followed by the LAPv_m, LAP, 

and MPG. Of note, there was no 

significant correlation between the MVA 

and the degree of pulmonary 

hypertension (P=0.22). 

 

Table I: Baseline Characteristics of 84 Patients with Mitral Stenosis Before They 

Underwent BMV 

Characteristics PAPs ≥50mmgh PAPs<50mmgh P value 

Number (%) 54 (64.3) 30 (35.7) 0.005 

Age mean (SD) 30.89.4 28.758.9 0.3 

Female sex (%) 49 (90.1) 28 (90.3) 0.9 

LVIDD (mm) 46.55.36 48.48.5 0.3 

LVIDS (mm) 326.44 31.55.9 0.5 

EF (%) 61.22.4 63.13.2 0.5 
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LVIDD: left ventricular internal diameter in diastole, LVIDS: left ventricular internal diameter in systole, 

and EF: ejection fraction 

Table II: Comparison of Different Measures of Mitral Stenosis Severity in 84 

Patients with Mitral Stenosis Before They Underwent BMV. 

Measure  PAPs≥50mmgh PAPs<50mmgh P value 

Number (%) 54 (64.3) 30 (35.7) 0.005 

LAD (±SD) 47.36.4 45.97.2 0.17 

MVA/m2 (cm2/m2) 0.640.18 0.730.14 0.13 

LVEDP (mmHg) 9.273.67 9.333.37 0.25 

PAPs (±SD) 69.820 37.476.75 <0.0005 

PAPm (mmHg) 4915.6 24.166.69 <0.0005 

LAPm (mmHg) 30.46.7 20.45 <0.0005 

LAPv (mmHg) 42.7510.3 28.346.5 <0.0005 

LAP v-m (mmHg) 12.35.0 8.083.6 <0.0005 

LAP v-m ≥10mmHg 41 (76.0) 9 (30.0) <0.0005 

MPG (mmHg) 20.47.19 11.275 <0.0005 
LAD: left atrial diameter, MVA: mitral valve area, PAPs: systolic pulmonary artery pressure, PAPm: 

mean pulmonary artery pressure, LAPm: mean left atrial pressure, LAPv: peak v wave left atrial pressure, 

MPG: mean pressure gradient through the mitral valve. 

 

Table III: Comparison of PAP, MVA and MPG in 30 Patients with PAPs ≤ 

50mmHg according to the LAP v-m. 

Characteristic LAP v-m ≥10, (no 9) LAP v-m<10, (no 21) P value 

PAPs (mmHg) 40.554.64 35.387.46 <0.01 

PAPm (mmHg) 30.243.56 23.155.68 <0.01 

MVA (cm2/m2) 0.730.13 0.730.15 0.3 

MPG (mmHg) 11.446.04 10.193.72 0.6 

LAPm (mmHg) 22.114.65 20.154.2 0.15 

LAD (mm) 46.545.12 45.866.48 0.2 
LAD: left atrial diameter, MVA: mitral valve area, PAPs: systolic pulmonary artery pressure, PAPm: 

mean pulmonary artery pressure, LAPm: mean left atrial pressure, MPG: mean pressure gradient through 

the mitral valve 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

Figure 1: Correlation between PAPs and peak LA v wave pressure 
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Figure 2: Showing the correlation of pulmonary artery pressure as an independent factor 

with the MVA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Correlation of PAPs and MPG 

 
 
 
Discussion 
 In the current study, we have confirmed 

other investigator’s findings that in 

patients with mitral stenosis, the 

development of pulmonary hypertension 

is largely independent of the mitral valve 

area
1,7,12,13

. The lack of positive 

correlation between mitral valve area and 

the magnitude of PA pressure is a well 

known phenomenon, although it has long  

 

 

 

intrigued scientists. It has been postulated 

that coexisting pulmonary parenchymal 

disease may play a role in the 

development of pulmonary 

hypertension
14

, but this remains a 

presumptive explanation, since it defies 
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the law of parsimony, and since many 

patients with milder forms of mitral 

stenosis and no evidence of pulmonary 

vascular disease still display high 

pulmonary arterial pressures
5
. 

It is generally agreed that pulmonary 

arterial hypertension reflects raised LA 

and pulmonary venous pressures
1,5,6,9,15

. 

In this study, patients with pulmonary 

hypertension had significantly higher 

mean LA pressures than those without 

pulmonary hypertension. According to 

the pressure-volume curve of the LA
16,17

, 

pressure is determined by the volume of 

blood inside the LA and the chamber's 

stiffness. It is conceivable that in tight 

MS, there is little egress of blood outside 

the LA, leading to its expansion, thereby 

elevating the intra-chamber pressure. 

However, in this study, there was little 

correlation between LA diameter and PA 

pressure. If the echocardiographically 

obtained left atrial diameter can be 

considered a measure of the chamber’s 

volume, it follows that left atrial 

dilatation caused by mitral valve stenosis 

is not the entire explanation for the 

magnitude of pulmonary hypertension in 

these patients. Rather, it is the LA 

compliance that plays the major role in 

determining PA pressure. A non-

compliant LA would fail to dilate in tight 

MS and the intra-chamber pressure rises 

more readily than in a compliant, dilated 

LA. 

Why should the left atrium become less 

compliant in mitral stenosis? The LA wall 

may become fibrotic and less distensible 

as a consequence of chronic, recurrent, or 

current rheumatic activity
18,19

. The 

rheumatic inflammatory process, which is 

the underlying pathology in mitral 

stenosis, may extend to the left atrial wall 

and cause fibrosis and disorganization of 

muscle bundles in the left atrial wall
2
. In 

this study, we did not strictly exclude 

recent rheumatic activity. However, this 

remains to be examined in detail in 

further studies. The other possible 

explanation is that the increased left atrial 

volume due to the obstruction by MS 

causes shift of the pressure-volume curve 

upward, this is reflected by an increased 

left atrial diameter. However, in this 

study there was no correlation between 

the echocardiographically obtained LAD 

and PAPs, making this an unlikely 

explanation. 

To avoid the effect of body size and its 

known direct relation to the blood 

volume, we have indexed the mitral valve 

area to body surface area; this would be 

expected to enhance the accuracy of the 

results and reflect more accurately the 

relation between MVA and PAPs. 

For this study, we considered the value of 

50mmHg as a cut-off for pulmonary 

hypertension. This is a generally accepted 

value since any rise of PA pressure 

beyond that figure is poorly tolerated by 

the right ventricle
2,7

. 

Not clarified in the study of Ha et al 

however, is the relation of PA pressure to 

LA compliance in patients whose PA 

pressure does not exceed 50 mm Hg
7
. 

Subgroup analysis of the patients with 

PAPs<50 mmHg casts further light on the 

pathophysiology of pulmonary 

hypertension in MS. In this group, 

patients with non-compliant left atria had 

significantly higher PA pressures than 

those with compliant left atria (table 3, 

P<0.01), and there was a significant 

correlation between LA v wave and 

systolic PAP (figure 1, r=0.777, 

P<0.0005), whereas the two subgroups 

did not differ significantly in terms of 

mean LA pressure or mean pressure 

gradient (table 3). It is possible that this 

represents a chronological sequence in 

the development of severe pulmonary 

hypertension. Apparently, it is the phasic 

variation in LA pressure (producing large 

v waves) that is responsible for the early 

development of pulmonary hypertension, 

and as LA compliance declines with time, 

LA pressure and MPG start to rise. Large 

v waves will cause temporary rise of 

pressure in the pulmonary venous system. 

Interestingly, pulsed-wave Doppler 
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assessment of the pulmonary venous flow 

by TEE has shown temporary interruption 

of flow during systole in patients with 

MS and pulmonary hypertension
20 

(unpublished data), producing a blunted s 

wave on the Doppler signal. It appears 

that this phasic interruption of pulmonary 

venous flow, with its attendant phasic rise 

in pressure in the pulmonary venous 

system, is the initial step in the 

development of pulmonary hypertension 

in patients with mitral stenosis. This issue 

is still complicated and deserves further 

studies to verify this finding and to look 

into the effect of pressure and flow wave 

reversal on the pulm. microcirculation to 

produce pulmonary hypertension. 

Conclusions 
 In this study, we confirmed the finding 

that left atrial compliance is a major 

determinant of pulmonary artery pressure 

in patients with mitral stenosis. The 

relation between the two variables was 

strong, consistent, and continuous over a 

wide range of PA pressures. This relation 

was independent of other factors like 

MPG, mean LA pressure, and mitral 

valve area, and sheds light on the 

pathophysiology of pulmonary 

hypertension in these patients. 
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