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ABSTRACT

Background: Mitral Stenosis refers to narrowing of the mitral valve orifice, resulting in impairment of filling of
the left ventricle in diastole. Proximal isovelocity surface area measurement, also known as the flow convergence
method, can be used in transthoracic echocardiography to estimate the area of an orifice through which blood flows.
Objectives: To compare simple PISA equation, created by combined fixing the angle to 1000 and the V ,to 33 cm/s,
with mitral valve area measured by pressure half time and planimetry which was taken as reference method. Patients
and Methods: A cross sectional prospective study was conducted in multi teaching centers. Total 104 patients were
enrolled in this study from which 41 were excluded from the study. Transthoracic echocardiographic examination was
used to analyze parameters selected by M-mode, 2D, and pulse doppler. Results: The patients enrolled in this study
were with a mean age of 45.4 £ 7.1 years and 23.8% of them within the age group 30-39 years and the remaining
76.2% were >40 years. Female patients were the dominant represented 73.0% while males were 7.0% of the studied
group (female: male ratio was 3:1),; 61.9% were in sinus rhythm and 38.1% in atrial fibrillation. About 58.7% of the
patients had Wilkin’s score less than 8, the mean mitral valve area according to planimetry method was 1.14 + 0.32
cem? and it was 1.12 + 0.28 cm? by PISA while the mean mitral valve area by pressure half time method was 1.19 £
0.30 cm?. The agreement between PISA and planimetry revealed that PISA had good agreement with planimetry in
diagnosis of mitral stenosis, (kappa=0.835, P<0.001). On the other hand, there was a fair significant agreement
between pressure half time and planimetry. Conclusion: PISA method can effectively predict mitral valve area and
severity of mitral stenosis by the equation: mitral valve area = 115 * r*/V ., provided that aliasing velocity is
fixed at 33 cm/s, with the advantage of easy calculation over other methods used to evaluate mitral valve area by
transthoracic echocardiography.
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INTRODUCTION

Mitral Stenosis (MS) refers to narrowing of the mitral valve orifice, resulting in impairment of filling of the left
ventricle in diastole. It is usually caused by rheumatic heart disease. Less common causes include severe calcification
of the mitral annulus, infective endocarditis, systemic lupus erythematous, rheumatoid arthritis, and carcinoid heart
disease [1]. Both rheumatic fever and mitral stenosis remain common in developing countries. Mitral stenosis develops
at an earlier age, progresses more quickly, and requires earlier intervention [2].

Proximal isovelocity surface area (PISA) measurement, also known as the “flow convergence” method, can be used
in echocardiography to estimate the area of an orifice through which blood flows. Since its development in the early
1990s, the PISA method has been applied clinically to the evaluation of mitral regurgitation (MR), mitral stenosis,
tricuspid regurgitation, aortic insufficiency, and intracardiac shunts with variable degrees of success [3].
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The Basic Principles of PISA
The PISA method is based on: 1) The properties of flow dynamics; 2) The continuity principle.

The proximal isovelocity surface area method is based on the hemispherical shape of the convergence of diastolic
mitral flow on the atrial side of the mitral valve, as shown by color doppler. It enables mitral volume flow to be
assessed and, thus, to determine MVA by dividing mitral volume flow by the maximum velocity of diastolic mitral
flow as assessed by CWD [3].

MVA=21r> x (V /V._ ) x (/180) =2 x 3.14 x 12 x (33/V,_) x (100/180)

Where r is the radius of the convergence hemisphere (in cm), V  is the aliasing velocity (in cm/s), peak V. the peak

mitral

CWD velocity of mitral inflow (in cm/s), and o is the opening angle of mitral leaflets relative to flow direction [4].
Aim of the Study

To measure the MVA by simple PISA equation which was created by the combined fixing the angle to 1000 and the
V,, to 33 cm/s and compare it with pressure half time and the planimetry (which was taken as reference method).

PATIENTS AND METHODS

A cross sectional prospective study was conducted in multi teaching centers (Baghdad teaching hospital, Ibin AL
Nafees hospital, Ibn AL Bitar hospital and Ghazi AL Harriry teaching hospital) from the June 2015 to the June 2016.
104 patients were enrolled in this study. 41 were excluded from the study (patients with mild MS, with AR, MR and
those with poor window were excluded from the study). Transthoracic echocardiographic examination using the
general electric vivid E9 equipped with a phase array transducer of 3.5 MHz frequency with TDI facilities.

M mode, 2D and doppler echocardiography parameters were averaged over 3 cardiac cycles if the patients have sinus
rhythm and > 5 cycles if the patient’s rhythm was atrial fibrillation.

All echocardiographic measurement was performed according to the American society of Echocardiography
guidelines. By color doppler radius of PISA were measured. From parasternal short axis view careful scanning from
the apex to the base of the left ventricle to ensure that the CSA is measured at the leaflet tips. Continuous wave doppler
was used for measurement of maximum velocity across the mitral valve, mean pressure gradient (mean PG), pressure
half time (T,
Because the V was used as a constant in our study, and because it was previously reported that mitral valve angle
can be fixed as 100° in the PISA equation, MV A calculated by PISA could be simplified as follows leaving only two
variables to be calculated, namely, PISA radius and V__ :

). The proximal isovelocity surface area method without mitral valve angle correction (PISAsimplc) [5-7].

PISA,, =21 x (V,/V, ) * (a/180) =2 x 3.14 x 12 x (33/V,__) x (100/180) = (2 x 3.14 x 33 x 100/180) x (//V, )

simple

=115 x 1r2/Vmax
The Pressure Half-Time Method

MVA determined with the PHT method T,
Echocardiography with clearly visible mitral inflow color flow mapping (Figure 1B) [6].

was calculated in the apical four-chamber view using color Doppler

The cursor line was moved across the mitral valve tips to the most parallel alignment in relation to the color signal of
the mitral inflow. Continuous wave Doppler was initiated, and a clear spectral tracing of the mitral inflow wave was
acquired. The deceleration time of the early mitral filling phase spectrum was obtained and MVA by PHT was then
calculated using the equation
MVA =220/ T,, (Figure 1B)

The Planimetry Method

The smallest orifice of the mitral valve was identified by scanning from the left atrium in the direction of the LV apex
using basal-LV short-axis view (Figure 1C). The gain settings were adjusted until the lowest level was determined, at
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which the circumference of the mitral orifice was still visible. After identification of the frame with the orifice at its
maximal opening in early diastole, MVA determined with the planimetry method (PLN) was measured by planimetry
of its contours, and the result served as the gold standard for MV A calculation in this study (Figure 1C). The severity
of MS measured with PLN, as well as T, , and PISA, was defined as: moderate if MVA was more 1.0 and less than or
equal to 1.5 cm?, and severe if MVA was less than or equal to 1.0 cm? [6].

PISA radins= 1 56 cm, Vimaxe= 189 cmfs, Angle a=100degrees, Vad =33 cms

D | MVADYPISA g,  =2x3.14x(1 367X(33/189) x(100/130). = 1 49 ey’

MVA by PISAgra, = 115%(1. Sﬁfﬂsgx(mﬂﬂ%ﬂ} ........... =149 cm?
MVAbYT;: ... . e =111 em®
M\-’Ahvulﬂ:ﬁmem.... et = 14T em®

Figure 1 Calculation of mitral valve area (MVA) by different methods; A, proximal isovelcoity surface area method
(PISA), B: pressure half time method (T, ), C, the planimetry method (PLN), which was taken as the reference method in
our study, and D, an example of calculation of MVA by different methods showing good agreement between PLN, 1 and
PISAsimple, which was not the case for (T, ,) [6]

Statistical Analysis

Data of the 63 patients with MS were entered and analyzed using the statistical package for social sciences (SPSS)
version 22, IBM Inc., Chicago, USA, 2013. Descriptive statistics were presented as mean, standard deviation, range,
frequencies, and proportions according to the variable types. Analysis of variances (ANOVA) test was used to assess
the significance of differences in mean values of MVA by different methods of measurement, post-hoc test (LSD)
was used to compare between two methods. Pearson’s correlation test (Bivariate analysis) and curve estimation
regression analysis were used, the correlation coefficient (R) value indicated the strength of the correlation where:
R<0.4=weak correlation, 0.4-0.7: moderate and > 0.7-1 strong correlation, the higher R value indicated the stronger
correlation. Bland-Altman analysis was conducted for both PISA and T, , methods to compare their agreement with
PLN. Receiver operating characteristics (ROC) curve was used to assess the validity of PISA and T, in prediction
of severity of MS in PLN. Level of significance was set at 0.05 to be significant difference or correlation. Finally
results and findings were presented in tables, figures and explanatory paragraphs using Microsoft office (Word), 2013
software for windows.

RESULTS

There were 63 patients enrolled in this study with a mean age of 45.4. Figure 1 demonstrates calculation of mitral
valve area (MVA) by different methods: a) proximal isovelcoity surface area method (PISA); b) pressure half time
method; c) the planimetry method (PLN), which was taken as the reference method in our study, and D, an example
of calculation of MVA by different methods showing good agreement between PLN, 1 and PISA simple, which was
not the case for (T, ) [7].

7.1 (range: 31-58) years, on the other hand, 15 (23.8%) of the patients aged 30-39 years and the remaining 48 patients
(76.2%) aged more than 40 years. Female were the dominant represented 73.0% while males were 17 (27.0%) of the
studied group (female: male ratio was 3:1), (Table 1).
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Table 1 Age and gender distribution of the studied group

Variable No. %
30-39 15 23.8
40 - 49 32 50.8
Age (year) 50-59 16 254
Mean (SD*) 454 (7.1) -
Range 31-58 -
Gender Male 17 27.00%
Female 46 73.00%
Total number 63 100
*SD: standard deviation

As it shown in Table 2, the mean MV A according to planimetry method was (1.14 = 0.32) cm? and it was (1.12 + 0.28)
cm? according to PISA while the mean MVA according to (T, ) method was (1.19 = 0.30) cm®. Hence the difference
between MVA according to planimetry and PISA was (0.02) which was lower than that between planimetry and (T )
(0.05) and also lower than that between PISA and T,, (0.07), nonetheless, ANOVA test analysis revealed that the
differences in MV A between the different methods were statistically insignificant (P>0.05).

Table 2 Comparison of MVA by Planimetry, T , PISA

1/2°

Assessment method Mean SD
MVA by planimetry (cm?) 1.14 0.32
MVA by PISA (cm?) 1.12 0.28
MVA by T1/2 (cm?) 1.19 0.3
ANOVA and post hoc tests results
Assessment method Mean Difference (cm?) P-value
MVA by PLN vs. PISA 0.02 0.71
MVA by PLN vs. T1/2 0.05 0.37
MVA by PISA vs. T1/2 0.07 0.17

The bivariate analysis using Pearson’s correlation test (Table 3) and curve estimation regression analysis (Figure 2),
showed a statistically significant strong direct (positive) correlation between MVA by PISA equation and MVA by
the planimetry method (PLN) (r=0.856, P<0.001).

Table 3 Correlations of MVA by PISA and T, , with MVA by planimetry method of the studied group (N=63)

Pearson’s correlation test
Method . .
Correlation coefficient (R) P
PISA 0.856 <0.001
T1/2 0.441 <0.001
180+ 1.50-]
R=086
P <0.001
Lt 150
P 140
g 5
<L 120 — 120
& z
§ 1.00— % 1.0
20— 80—
601 50—
T T T T T T T T T T
S0 5 1.0 125 150 S0 15 Lo L5 1.50
MVA Planimetry (cm’) MVA Planimetry ( cm?}

Figure 2 Linear correlations between planimetry versus different methods. (A) PISA, (B) T, ,

87



Haji, et al. Int J Med Res Health Sci 2018, 7(2): 84-91

Also, a statistically significant but moderate direct correlation was found between PLN and MV A by the pressure half
time method (T, ) (r=0.441, P<0.001). However, despite both PISA and T, , methods showed significant correlation
with MVA by planimetry, it could be noticed that T, , showed a weaker correlation than PISA.

Table 4 show the agreement between planimetry and each of PISA and T, , methods the Bland-Altman analysis was
performed to compare the differences between different methods against planimetry, it had been found that the limits
of agreement for PISA (lower to upper limits: - 0.32 to 0.326) were better than that for T, , (- 0.597 to 0.689), (Table
4 and Figure 3). It is worth mentioning that no bias was detected in any method.

Table 4 Bland-Altman analysis for agreement of different methods with planimetry

Mean = SD of . Lower limit of agreement Upper limit of agreement
+
Method differences Bias + SE (95%CT) (95%CT)
PISA 0.003 £0.165 0.003 £ 0.0208 -0.32 (-0.362 to — 0.278) 0.326 (0.285 to 0.368)
T, 0.046 +0.328 0.046 +0.041 -0.597 (-0.633 to -0.468) 0.689 (0.652 to 0.817)
- 1.00-]
050+ o .
] o
' 050~ L1 0° ]
.‘.E". 0257 00 0 - o © Yo
-] o o ] o o
E . o . . . ) g 1] . L s o 4 [:]
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t;: o @ E o S T
w0 -0.151 LI
o 0,50 LI
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o Q
° | Bias: 0.046
=050+ - - - - Bias 10,0037 .
—— 95% limits of agreement: -0.3204 to 0.3264) (A) Lo —— 95% limits of agreement : - 0.597 tg - 0.689 (B)
0 7% 110 126 1% 050 03 100 125 150
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Figure 3 Bland-Altman analysis for the assessment of agreement between different methods and PLN: (A) PISA, (B) T,

However, the limits of agreement in case of T, , were worse than those of PISA method, which in turn, was very close
to PLN.

As it shown in Table 5, the cross-tabulation and kappa statistics for the agreement between PISA and PLN revealed
that PISA had good agreement with PLN in diagnosis of MS, (kappa=0.835, P<0.001).

On the other hand, there was a fair significant agreement between PT, , and PLN (Table 6).

It had been significantly found that PISA was a good predictor for the sever MS as reported in PLN, (AUC=0.968,
P<0.001) with a sensitivity, specificity, and accuracy of (94.6%, 88.5% and 92.1%), respectively. Also, PISA was
a good predictor for moderate MS (AUC=0.968, P<0.001) with a sensitivity, specificity, and accuracy of (88.5%,
94.6% and 92.1%), respectively. Regarding T, , it was a fair predictor with an (AUC of 0.673, P=0.020), for both
severe and moderate MS in PLN, however, it had low sensitivity of 42.3%, fair specificity of 75.7% and accuracy of
61.9% in prediction of severe MS while in prediction of moderate MS the sensitivity, specificity and accuracy were
75.7%, 42.3% and 61.9%, respectively.

Table 5 Cross-tabulation for the severity of MS according to PLN and PISA

Severity by PLN Total
Severity by PISA Moderate Severe
No. % No. % No. %
Moderate 35 94.6 3 11.5 38 60.3
Severe 2 5.4 23 88.5 25 39.7
Total 37 100 26 100 63 100

Measure of Agreement: Kappa = 0.835 (Good), P<0.001
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Table 6 Cross-tabulation for the severity of MS according to PLN and T, , methods

Severity by PLN Total
Severity by T, , Moderate Severe
No. % No. % No. %
Moderate 28 75.7 15 57.7 43 68.3
Severe 9 243 11 423 20 31.7
Total 37 100 26 100 63 100
Measure of Agreement: Kappa = 0.673 (Fair), P=0.020
DISCUSSION

In clinical practice, there is no real gold standard to estimate MV A or MS severity by transthoracic echocardiography.
Planimetry method, despite being considered as the echocardiographic gold standard, carries some difficulties in
being impossible in patients with bad echocardiographic views or severe mitral valve calcification, and being tedious,
time consuming and expertise demanding in the instance of having mitral valve tunnel like structure. Compared to
all that, PISA assessment by the simple equation in this study was found very easy to carry out, because it needs no
special skill more than applying color and zoom on the mitral position and decreasing the V  to 33 cm/s [4].

This study show that the mean age of the patients was 45.4 + 7.1 years and the female patients were the dominant and
represented 73.0% of the studied group, moreover 61.9% were in sinus rhythm and 38.1% in atrial fibrillation. Which
is consistent with that mentioned by Omar, et al. [4] in which the mean age group was 48 + 19 and 59% of the patients
was with sinus rhythm. Also, it is similar to that found by Ghazi, et al. in 2015 [6] in which patients who had sinus
rhythm was 58% and 42% had atrial fibrillation and the female was dominant than men but the mean age group was
less (40.5 + 11.3 years) than this study.

This study is not concordant with that found by Manjunath, et al. [6] were the Female to male ratio was 1.93:1 and the
main age group was in between 30-39 years old, this might be attributed to the large sample size in the Manjunath, et
al. study was included.

This study show that the radius of the PISA was 1.44 + 0.16 which is within range agreement with that registered by
Ikawa [7] study when the radius of the PISA was ranged from 0.8-1.9 cm.

The mean PG, max velocity was increase and EF (%) was with in normal, which is same that revealed by Uzun, et
al. [8]. The measurement of MV A by PHT is an inaccurate measure if the patients suffer from MS with moderate or
severe AR, MR and tachycardia, or conditions associated with changes in atrial or ventricular compliance [9-14]. In
this study the difference between planimetry and PHT was 0.05 cm? which is similar to that found by many studies
Kim, et al. in 2008 and Messika-Zeitoun [15,16] where the difference was more than 0.03.

This difference between T, and planimetry might be due to extreme values of net atrioventricular compliance [7,8].

The PISA method, on the other hand, has been validated in almost all conditions that tend to render T, , inaccurate [17-
20], and moreover, in this study, differences between MV A calculated by planimetry and PISA were not affected by
the changes in the net atrioventricular compliance values that render T, inaccurate as a measure of MVA. Pearson’s
correlation test and curve estimation regression analysis, showed a statistically significant strong direct (positive)
correlation between MVA by PISA equation and MVA by the planimetry method (PLN). Also, a statistically
significant but moderate direct correlation was found between PLN and MVA by the pressure half time method.
However, despite both PISA and PHT methods showed significant correlation with MV A by planimetry, it could be

noticed that T, showed a weaker correlation than PISA.

It had been significantly found in this study that PISA was a good predictor for the sever MS as reported in PLN, with
a sensitivity, specificity, and accuracy of (94.6%, 88.5% and 92.1%), respectively. Also, PISA was a good predictor
for moderate with a sensitivity, specificity, and accuracy of (88.5%, 94.6% and 92.1%), respectively. Regarding T,
it was a fair predictor with an (AUC of 0.673, P=0.020), for both severe and moderate MS in PLN, however, it had
low sensitivity of (42.3%), fair specificity of (75.7%) and accuracy of (61.9%) in prediction of severe MS while in
prediction of moderate MS the sensitivity, specificity and accuracy were 75.7%, 42.3% and 61.9%, respectively.
Same finding was reported by Omar, et al. [4]. Moreover it’s concordant with that revealed by Ghazi, et al. [5] in 2015
and with Ural, et al. study in which MV As measured by PISA are closely correlated to classical echocardiographic
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methods, especially to planimetry [20]. Analysis for the validity of PISA and T, , in prediction of severity of MS in
compares with PLN method, was performed using the Receiver operating characteristics curve (ROC) it had been
significantly found that PISA was a good predictor for the sever MS as reported in PLN, (AUC=0.968, P<0.001) with
a sensitivity, specificity and accuracy of (94.6%, 88.5% and 92.1%), respectively. Also, PISA was a good predictor
for moderate MS with a sensitivity, specificity, and accuracy of (88.5%, 94.6% and 92.1%), respectively.

Limitations of the Study

Small sample size was included in this study. Moreover, we use the planimetry method as the gold standard; it
has some limitations in that it may be influenced by severe leaflet or subvalvular calcification, asymmetrical leaflet
affection, imaging technique or poor image quality.

CONCLUSION

The measurement of the MVA by simple PISA equation which was created by the combined fixing the angle to1000
and the V  to 33 cm/s, was superior to the pressure half time method with the advantage of easy calculation in
evaluation of MVA by transthoracic echocardiography.

REFERENCES

[1] Curtin, R. J., and B. P. Griffin. “Mitral valve disease: stenosis and regurgitation.” Cleveland Clinic: Current
Clinical Medicine, 2nd edn. Philadelphia, PA, USA: Saunders Elsevier, 2009]

[2] Brandler, Ethan S. “ Mitral Stenosis in Emergency Medicine”. Medscape. WebMD LLC., 28 Dec. 2015, https://
emedicine.medscape.com/article/758899-overview.

[3] Lambert, A. Stephane. “Proximal isovelocity surface area should be routinely measured in evaluating mitral re-
gurgitation: a core review.” Anesthesia & Analgesia, Vol. 105, No. 4, 2007, pp. 940-43.

[4] Omar, Alaa Mabrouk Salem, et al. “Simplifying proximal isovelocity surface area as an assessment method
of mitral valve area in patients with rheumatic mitral stenosis by fixing aliasing velocity and mitral valve an-
gle.” Journal of the Saudi Heart Association, Vol. 25, No. 1, 2013, pp. 9-17.

[5] Dreyfus, Gilles D., et al. “Secondary tricuspid regurgitation or dilatation: which should be the criteria for surgical
repair?”’ The Annals of Thoracic Surgery, Vol. 79, No. 1, 2005, pp. 127-32.

[6] Salem Omar, Alaa Mabrouk, et al. “Comparison of mitral valve area by pressure half-time and proximal isove-
locity surface area method in patients with mitral stenosis: effect of net atrioventricular compliance.” European
Journal of Echocardiography, Vol. 12, No. 4, 2011, pp. 283-90.

[7] Nakatani, Satoshi, et al. “Value and limitations of Doppler echocardiography in the quantification of stenotic
mitral valve area: comparison of the pressure half-time and the continuity equation methods.” Circulation, Vol.
77, No. 1, 1988, pp. 78-85.

[8] Flachskampf, Frank A., et al. “Aortic regurgitation shortens Doppler pressure half-time in mitral stenosis: clinical
evidence, in vitro simulation and theoretic analysis.” Journal of the American College of Cardiology, Vol. 16,
No. 2, 1990, pp. 396-404.

[9] Kim, Hyung-Kwan, et al. “Impact of cardiac rhythm on mitral valve area calculated by the pressure half time
method in patients with moderate or severe mitral stenosis.” Journal of the American Society of Echocardiogra-
phy, Vol. 22, No. 1, 2009, pp. 42-47.

[10] Kim, Hyung-Kwan, et al. “Hemodynamic and prognostic implications of net atrioventricular compliance in
patients with mitral stenosis.” Journal of the American Society of Echocardiography, Vol. 21, No. 5, 2008, pp.
482-86.

[11] Messika-Zeitoun, David, et al. “Echocardiographic evaluation of the mitral valve area before and after percu-
taneous mitral commissurotomy: the pressure half-time method revisited.” Journal of the American Society of
Echocardiography, Vol. 18, No. 12, 2005, pp. 1409-14.

[12] Tkawa, Hiroshi, et al. “Can the proximal isovelocity surface area method calculate stenotic mitral valve area in
patients with associated moderate to severe aortic regurgitation? Analysis using low aliasing velocity of 10% of
the peak transmitral velocity.” Echocardiography, Vol. 18, No. 2, 2001, pp. 89-95.

90



Haji, et al. Int J Med Res Health Sci 2018, 7(2): 84-91

[13] Rifkin, Robert D., Kathleen Harper, and Dennis Tighe. “Comparison of proximal isovelocity surface area meth-
od with pressure half-time and planimetry in evaluation of mitral stenosis.” Journal of the American College of
Cardiology, Vol. 26, No. 2, 1995, pp. 458-65.

[14] Rodriguez, Leonardo, et al. “Validation of the proximal flow convergence method. Calculation of orifice area in
patients with mitral stenosis.” Circulation, Vol. 88, No. 3, 1993, pp. 1157-65.

[15] Bennis, Ahmed, et al. “Clinical application in routine practice of the proximal flow convergence method to calcu-
late the mitral surface area in mitral valve stenosis.” The International Journal of Cardiovascular Imaging, Vol.
18, No. 6, 2002, pp. 443-51.

[16] Centamore, G., et al. “The” proximal isovelocity surface area” method in assessing mitral valve area in patients
with mitral stenosis and associated aortic regurgitation.” Giornale italiano di cardiologia, Vol. 27, No. 2, 1997,
pp- 133-40.

[17] Lee, Tao Yu, et al. “Clinical applicability for the assessment of the valvular mitral stenosis severity with Doppler
echocardiography and the proximal isovelocity surface area (PISA) method.” Echocardiography, Vol. 21, No.
1, 2004, pp. 1-6.

[18] Uzun, Mehmet, et al. “A simple different method to use proximal isovelocity surface area (PISA) for measur-
ing mitral valve area.” The International Journal of Cardiovascular Imaging, Vol. 21, No. 6, 2005, pp. 633-40.

[19] Abed, Raed S., Ghazi F. Haji, and Ghassan M. Mahmood. “Validation of proximal isovelocity surface area in
Mitral valve stenosis.” Mustansiriya Medical Journal, 38.

[20] Ural, Dilek, and Baris Ilerigelen. “Value of Proximal Isovelocity Surface Area Method in Calculation of Mitral
Valve Area in Patients with Mitral Stenosis.” Archives of the Turkish Society of Cardiology, Vol. 25, No. 8, 1997,
pp. 471-76.

91



