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PISA method for assessment of mitral regurgitation in children
Çocuklarda romatizmal mitral yetmezli¤inin de¤erlendirilmesinde PISA yöntemi

OObbjjeeccttiivvee:: The purpose of this study was to determine the feasibility and significance of the proximal isovelocity surface area (PISA) method in
children with rheumatic mitral regurgitation (MR). 
MMeetthhooddss:: Thirty-one children (mean age 12.3±3.1 years), with chronic MR, were evaluated by semiquantitative and quantitative Doppler, quan-
titative two-dimensional echocardiography and the PISA methods. Also, we compared the effective regurgitant orifice area, regurgitation vol-
ume and  systolic left ventricular functions in mild-moderate and severe MR. 
RReessuullttss:: There were no statistically significant differences in the regurgitant orifice area and regurgitant volume values obtained by the PISA
method and the quantitative Doppler (p>0.05) but they were different from the same values obtained by two dimensional echocardiography
(p<0.05). There were excellent correlations between the regurgitant orifice area, regurgitant volume and the radius of the proximal flow con-
vergence hemisphere (r=0.882, r=0.925, r=0.880; p<0.05). We found a very good correlation between the regurgitant orifice area obtained by the
PISA and left ventricular end-diastolic diameters, the ratio of the jet/left atrial area, grading with color Doppler imaging (r=0.763, r=0.745, r=0.618;
p<0.05). 
CCoonncclluussiioonn:: It is concluded that MR can be accurately predicted in children by using the PISA method as like as the Doppler method. (Anadolu
Kardiyol Derg 2005; 5: 167-71)
KKeeyy wwoorrddss:: The proximal isovelocity surface area, mitral regurgitation, childhood
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AAmmaaçç:: Romatizmal mitral yetmezli¤i (MY) olan çocuklarda proksimal izovelosite yüzey alan› (PISA) yönteminin uygulanabilirli¤ini araflt›rmak. 
YYöönntteemmlleerr:: Yafl ortalamas› 12.3±3.1 y›l olan kronik izole romatizmal MY’li 31 çocuk (14 erkek, 17 k›z) yar› kantitatif, kantitatif Doppler, kantitatif iki
boyutlu ekokardiyografi ve PISA yöntemi ile MY’nin a¤›rl›k derecesi aç›s›ndan de¤erlendirildi. Ayr›ca hafif-orta derece ve a¤›r MY gruplar›
aras›nda regürjitan orifis alan›, regürjitan volüm, sistolik, diyastolik sol ventrikül fonksiyonlar› ve volüm yüklenmesini gösteren de¤iflkenler
aç›s›ndan birbiri ile karfl›laflt›r›ld›. 
BBuullgguullaarr:: Kantitatif Doppler yöntemi ve PISA ile elde edilen regürjitan orifis alan› ve regürjitan volüm sonuçlar› aras›nda istatistiksel anlaml› bir
fark saptanmad›  (p>0.05) fakat her iki yöntem ile ölçülen de¤erler iki boyutlu ekokardiyografi ile elde edilen de¤erlerden farkl› bulundu (p<0.05).
Regürjitan orifis alan›, regürjitan volüm ve PISA yar›çap› aras›nda mükemmel bir ba¤lant› saptand› (r=0.882, r=0.925, r=0.880; p<0.05). Proksimal
izovelosite yüzey alan› yöntemi ile saptanan regürjitan orifis alan›, sol ventrikül diyastol sonu çap›, yetmezlik jeti alan› / sol atriyum alan›, renkli
Doppler görüntüleme ile MY jetinin büyüklü¤ü aras›nda çok iyi bir ba¤lant› oldu¤u görüldü (r=0.763, r=0.745, r=0.618; p<0.05). 
SSoonnuuçç:: Çocuklarda MY de¤erlendirmesinde PISA metodu, Doppler yöntemi kadar kullan›labilecek bir yöntemdir. (Anadolu Kardiyol
Derg 2005; 5: 167-71)
AAnnaahhttaarr kkeelliimmeelleerr:: Proksimal izovelosite yüzey alan›, mitral yetmezli¤i, çocukluk ça¤›
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ÖZET 

Introduction

The assessment of the severity of mitral regurgitation (MR)
is one of the major goals of clinical cardiology. Its severity has a
critical impact on clinical decision-making (1). The proximal iso-
velocity surface area (PISA) method is a new noninvasive tech-
nique for quantifying the severity of valvular regurgitation by ec-
hocardiography (2-8). There is no single precise method for cal-
culation regurgitant orifice area (ROA) and regurgitant volume
(RV). But they can be calculated clearly and independently of

machine setting or orifice shape with the PISA method (1-8).
Calculation of RV, ROA by quantitative Doppler, two-dimensional
echocardiography, and the PISA technique are established met-
hods to evaluate MR severity in adults. When applying PISA
method to children, it should be noted that the RV and ROA are
small (9) and the method requires the time to calculate. Thus, PI-
SA has not been widely applied in routine clinical practice, es-
pecially in children. We therefore carried out this prospective
study to determine the feasibility and significance of the PISA
method in children with rheumatic MR. 
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Methods

Study patients
At the Pediatric Cardiology Clinics of the Meram Medical

Faculty, Konya in 2002, we prospectively scanned 31 patients
who fulfilled the following inclusion criteria: 1) the presence of
more than trace MR in the standard color Doppler evaluation of
regurgitant jet size, 2) the presence of a recognizable proximal
flow convergence region on the ventricular side of the mitral
valve in the four-chamber apical view by color Doppler imaging,
3) the absence of concomitant lesions (aortic valve insuffici-
ency, valvular stenosis, or prostheses at the aortic or mitral le-
vel and intracardiac shunt flows) that would interfere with the
study, 4) the availability of echocardiographic images and Dopp-
ler traces of suitable quality for quantification. 

The PISA, quantitative Doppler and two-dimensional echo-
cardiographic values were measured and compared each ot-
her. Additionally, semiquantitative Doppler techniques, systolic
functions and PISA measures were compared with regarding
MR severity. First- and second- degrees of MR wereclassified
as mild-moderate and third and fourth degrees - as severe MR.

Echocardiographic studies
All patients were examined in a decubitus or lateral decubi-

tus position from the apical view by the same experienced in-
vestigator with Hewlett-Packard Sonos 1000 instruments with
2.5 and 3.5 MHz transducers. Each echocardiographic and
Doppler measurement was obtained in three to five different
cardiac cycles, and the average was used in subsequent analy-
sis. Images were additionally recorded on videotape. An elect-
rocardiogram was recorded simultaneously. 

Quantitative Doppler and quantitative two-dimen-
sional echocardiography method

Annular cross-sectional area and time-velocity integral me-
asurements were used to calculate the mitral and aortic stroke
volumes by quantitative Doppler and two-dimensional echocar-
diography, as previously described (10). Next, the quantitative
Doppler ROA and RV were calculated as follows: RV(Doppler) =
(mitral-aortic) stroke volume; ROA(Doppler) = RV(Doppler) / mitral re-
gurgitant time-velocity integral; and quantitative two-dimensi-
onal, ROA and RV calculated like this: RV(Two-dimensional) = (left vent-
ricle-aortic) stroke volume; ROA(Two-dimensional) = RV(Two-dimensional) /
mitral regurgitant time-velocity integral.

Proximal isovelocity area method
This method used the proximal flow convergence and was

performed as previously described (2-9,11); RV(PISA) = 2 x π x r2 x
Vr, where r is radius of proximal flow convergence and Vr is ali-
asing velocity; ROA(PISA) = RV(PISA) / mitral regurgitant time-velo-
city integral.

Semiquantitative Doppler and other measurements
The MR jet was graded as first-, second-, third- and fourth-

degree by color Doppler imaging. The regurgitant jet area within
the left atrium was measured by planimetry from the frame with
the maximal jet area during systole. The jet area was expressed
as an absolute value and as a percentage of the left atrial area.
The jet length was defined as the maximal distance of the regur-
gitant signals from the mitral valve orifice. The left ventricular
volumes were calculated as recommended by the American So-
ciety of Echocardiography using modified Simpson’s rule (12).
Cardiac index was calculated by multiplying the heart rate by
the stroke volume and indexed to body surface area.

Statistical analysis
All results were expressed as mean ± SD. The statistical sig-

nificance of differences between groups was tested with paired
t-test. Linear regression analysis was used to examine the rela-
tion between the RV, ROA ad other variables. Pearson’s corre-
lation method was used to assess the association between the
PISA and other methods. A p value <0.05 was considered signi-
ficant. The analyses were performed using the Statistical Pac-
kage for the Social Sciences 11.0 (SPSS, Inc., Chicago, IL, USA)
for Windows software.

Results

Patient characteristics
The 31 patients were 17 girls (54.8%), 14 boys (45.2%), with

mean age of 12.3±3.1 (7-17) years, weighing 42±16.2 (19-81) kg
and body surface area of 1.2±0.3 (0.7-1.9) m2. We had four gro-
ups patients with visual grading of first- (n=9, 29%), second-
(n=8, 25.8%), third- (n=11, 35.5%) and fourth – (n=3, 9.7%) degre-
es of MR. The etiology of regurgitation was rheumatic heart di-
sease and all patients had sinus rhythm.

Comparison between quantitative Doppler, two-
dimensional echocardiography, and PISA methods 

Nyquist velocity and the radius of the proximal convergence
region were 29.8±5.4 (22-42) cm/s and 0.65±0.28 (0.24-1.34) cm. The
ROA was 23.2±18.2 (2.7-91.3) mm2 by PISA method, 22±27.3 (0.8-
144.4) mm2 by quantitative Doppler and 16.3±18.4 (0.9-88.6) mm2 by
quantitative two-dimensional echocardiography. The RV was
20.8±17.3 (2.4-70.5) ml by PISA, 18.9±23.7 (1.2-111.4) ml by quantita-
tive Doppler and 14.4±16.6 (1.1-68.4) ml by two-dimensional echo-
cardiography. There were no statistically significant differences
between ROA(PISA), RV(PISA) and ROA(Doppler), RV(Doppler) (p>0.05). But
there were statistically significant differences between ROA(PISA) -
ROA(Two-dimensional), ROA(Doppler) - ROA(Two-dimensional), RV(PISA) - RV(Two-dimensi-

onal), and RV(Doppler) - RV(Two-dimensional) (p<0.05) (Table 1). 
Significant correlations between the radius of the proximal

convergence region, RV(PISA), ROA(PISA), RV(Doppler), ROA(Doppler)

(r=0.882, r=0.925, r=0.880, r=0.832, r=0.798; p<0.05) were found.
There were good correlations between color Doppler regurgita-
tion jet imaging and ROA(PISA), RV(PISA); between regurgitation jet
length and all the PISA measurements; between the ratio of re-
gurgitant jet area/left atrium area and the radius of the proximal
convergence region, ROA(PISA); between left ventricle end-dias-
tolic diameter and the radius of the proximal convergence regi-
on, RV(PISA) (Table 2, Fig. 1-4).

Comparison of regurgitation severity 
The jet length was 2.9±0.8 cm in mild-moderate and 4±1.4 cm

in severe MR. The ratio of regurgitant jet area/left atrium area
was 24.8±13% in mild-moderate, 42±17.8% in severe regurgitati-
on. The ROA(PISA) and RV(PISA) were 13.2±10.5 mm2, 10.9±11.2
ml in mild-moderate, 35.2±18.6 mm2, 32.7±16 ml in severe. The dif-
ferences between groups were statistically significant (p<0.05). 

There were statistically significant differences between
groups in parameters of systolic function (p<0.05) (Table 3).
So,ejection fraction was 60.7±2% in mild-moderate MR and
63.6±5.3% in severe MR. Fractional shortening was 35.2±3.3% in
mild-moderate MR and 37.8±5.5% in severe MR. Also stroke vo-
lume, cardiac output and cardiac index were 71.1±19.8 ml,
5.7±1.6 l/min, 4.5±1 l/min/m2 in mild-moderate and 89.6±37.5 ml,
8.1±2.3 l/min, 6.4±1.6 l/min/m2 in severe MR, respectively. 
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Discussion

In patients with MR, knowing the severity of the regurgitati-
on is important for determining the timing of the mitral valve
operation. Left ventriculography was the standard approach for
determining the severity of MR, but angiography is invasive and

has inherent risks (8). Semiquantitative methods are used the
length or area of the jet or the ratio of areas of jet and left atri-
um, but they are hindered by important limitations. The jet area
is not linearly or easily related to measured flow volume (8,13)
and it is markedly affected by changes in driving pressure, orifi-
ce area, chamber size, and gain settings (13).
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PPaarraammeetteerrss TThhee rraaddiiuuss ooff PPIISSAA RROOAA((PPIISSAA)) RRVV((PPIISSAA))

rr pp rr pp rr pp
Regurgitant orifice area (Doppler) (mm2) 0.678 *0.000 0.832 *0.000 0.696 *0.000
Regurgitant volume (Doppler) (ml) 0.765 *0.000 0.802 *0.000 0.798 *0.000
Regurgitant orifice area (PISA) (mm2) 0.882 *0.000 __ __ 0.880 *0.000
Regurgitant volume (PISA) (ml) 0.925 *0.000 __ __ __ __
Grading with color Doppler imaging 0.755 *0.000 0.618 *0.000 0.646 *0.000
Regurgitant velocity (cm/s) 0.405 *0.024 0.063 0.737 0.363 *0.045
Regurgitant jet length (cm) 0.560 *0.001 0.543 *0.000 0.644 *0.000
The ratio jet/left atrial area (%) 0.643 *0.000 0.745 *0.000 0.590 *0.000
Cardiac index (L/min/m2) 0.445 *0.012 0.501 *0.004 0.446 *0.012
Left ventricle end-diastolic diameter, mm 0.669 *0.000 0.763 *0.000 0.743 *0.000
Left ventricle end-systolic diameter, mm 0.309 0.109 0.403 *0.034 0.383 *0.044
PISA= the proximal isovelocity surface area, ROA=regurgitant orifice area, RV=regurgitant volume, * =statistically significant 

TTaabbllee 22.. CCoorrrreellaattiioonnss bbeettwweeeenn vvaalluueess ffrroomm tthhee pprrooxxiimmaall iissoovveelloocciittyy ssuurrffaaccee aarreeaa mmeetthhoodd aanndd qquuaannttiittaattiivvee--sseemmiiqquuaannttiittaattiivvee DDoopppplleerr eecchhooccaarrddiiooggrraapphhyy

VVaarriiaabblleess MMeeaann±±SSDD ((rraannggee)) pp
PISA Nyquist velocity (cm/s) 29.8±5.4 (22-42)

The radius of PISA (cm) 0.65±0.28 (0.24-1.34)
ROA (mm2) 23.2±18.2 (2.7-91.3) *
RV (ml) 20.8±17.3 (2.4-70.5) *

Quantitative ROA (mm2) 22±27.3 (0.8-144.4) †
Doppler RV (ml) 18.9±23.7 (1.2-111.4) †
Quantitative ROA (mm2) 16.3±18.4 (0.9-88.6) †
Two-dimensional RV (ml) 14.4±16.6 (1.1-68.4) †
Others Regurgitant jet length (cm) 3.4±1.2 (1.5-6.44)

The ratio of jet/left atrial area (%) 32.6±17.4 (11-73)
Regurgitant velocity (cm/s) 402.0±95.9 (246-576)
Regurgitant time-velocity integral (cm) 87.5±33.7 (36-157)

PISA= the proximal isovelocity surface area, ROA=regurgitant orifice area, RV=regurgitant volume, *p>0.05 in ROA(PISA)-ROA(Doppler) and in RV(PISA)-RV(Doppler), 
†p<0.05 in quantitative two-dimensional and ROA-RV(PISA-Doppler). 

TTaabbllee 11.. EEcchhooccaarrddiiooggrraapphhiicc ffiinnddiinnggss ooff ppaattiieennttss

VVaarriiaabblleess MMiilldd--mmooddeerraattee rreegguurrggiittaattiioonn SSeevveerree rreegguurrggiittaattiioonn 
mmeeaann±±SSDD ((rraannggee)) mmeeaann±±SSDD ((rraannggee)) pp

ROA (PISA) (mm2) 13.2±10.5 (2.7-38.1) 35.2±18.6 (17.4-91.3) 0.001
RV (PISA)  (ml) 10.9±11.2 (2.4-43.7) 32.7±16.0 (8.2-70.5) 0.002
Regurgitant velocity (cm/s) 376.8±102.0 (246-560) 432.7±81.1 (280-576) 0.000
Regurgitant jet length (cm) 2.9±0.8 (1.5-4.4) 4.0±1.4 (2.3-6.44) 0.000
The ratio jet/left atrial area (%) 24.8±13.0 (11-66) 42.0±17.8 (19-73) 0.001
Ejection fraction (%) 60.7±2.0 (58-66.3) 63.6±5.3 (53-72.3) 0.003
Fractional shortening (%) 35.2±3.3 (30.8-42) 37.8±5.5 (26.8-44.8) 0.000
Stroke volume (ml) 71.1±19.8 (42-120) 89.6±37.5 (50.8-204) 0.002
Cardiac output (l/min) 5.7±1.6 (4.2-10.6) 8.1±2.3 (4.5-12.8) 0.000
Cardiac index (l/min/m2) 4.5±1.0 (2.8-6.5) 6.4±1.6 (4.3-9.1) 0.004
ROA=regurgitant orifice area, RV=regurgitant volume

TTaabbllee 33.. CCoommppaarriissoonnss bbyy rreegguurrggiittaattiioonn sseevveerriittyy



Quantitative echocardiographic measures include calculati-
on of RV, regurgitant fraction and ROA by two-dimensional and
Doppler echocardiography and PISA method, respectively
(5,6,8,9,11). The effective ROA is a measure of the severity of the
regurgitant lesion (14). It is also a major determinant of the en-
largement of the left ventricle and left atrium in mitral regurgita-
tion and provides additional information compared with RV and
fraction (4,7). Thus, effective ROA is a fundamental quantitative
measure of MR. The PISA method is being developed to impro-

ve quantification of regurgitant flow. This method allows us to
calculate RV and ROA, based on the principle of conservation of
mass in the proximal flow field (2-9,11,13, 15-19).

There is a problem when applying this method to children
that RV and ROA is small because of the small heart size. Anot-
her problem is that Schwammenthal (5) and Enriquez-Sarano et
al (18) reported that differences in the dynamic change in ROA
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Figure 1. Correlations between the effective regurgitant orifice area
obtained by the proximal isovelocity surface area method and grad-
ing mitral regurgitation by color Doppler imaging. ROA=regurgitant
orifice area, PISA=proximal isovelocity surface area
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Figure 2 and 3. Correlations between the effective regurgitant orifice area and regurgitant volume obtained by the proximal isovelocity sur-
face area method and by quantitative Doppler echocardiography. ROA=regurgitant orifice area, PISA=proximal isovelocity surface area,
RV=regurgitant volume
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Figure 4. Correlations between the effective regurgitant orifice area
and regurgitant volume obtained by the proximal isovelocity surface
area method. ROA=regurgitant orifice area, PISA=proximal isovelo-
city surface area, RV=regurgitant volume, circles=patients, lines=reg-
ression line in middle and 95% confidence interval the others) 
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are related to etiologic factors of regurgitation. So, we only app-
lied this method in children with rheumatic heart disease in the
study. 

Several studies have shown good correlations of the PISA
method with angiographic findings and with Doppler methods
(3,7,9,15,16). This method has been shown to have advantages
over previous color Doppler flow methods in estimating volume
flow rate because its results appear to be relatively insensitive
to differences in machine factors and orifice shapes (16). In the
present study, we did not find statistically difference between
PISA and quantitative Doppler echocardiography in childhood,
but there were significant correlations with each other. Enriqu-
ez-Sarano et al. (18) used a quantitative Doppler method as the
reference method for the quantification of MR in adults. Obvi-
ously, assessment of severity of MR by the PISA methods may
be accepted noninvasive quantitative parameters in children.
Also, the PISA method is reliably differentiated between mild-
moderate to severe MR in patients at the childhood.

Surprisingly, we found statistically significant differences
between PISA and two-dimensional and also between Doppler
and two-dimensional echocardiography measures. They may be
due to technical limitations regarding calculation of the left
ventricular volumes by the modified Simpson formulas by two-
dimensional echocardiography. 

The differentiation of mild-moderate to severe MR was pos-
sible by means of the jet area, jet length and the ratio of areas
of jet and left atrium and PISA methods. This is in contrast to da-
ta from adults with MR patients. Bargiggia (2) and Grossman (19)
reported that the flow convergence method was clearly superi-

or for semiquantification approaches. Our results may be expla-
ined by homogenous patient characteristics because of same
nature underlying etiologic disorder.

The statistically different systolic function parameters bet-
ween mild-moderate and severe MR could be explained by
compensatory factors and use inotropic agents by some pati-
ents. 

In conclusion, the proximal flow convergence method was a
suitable method for the quantification of MR in childhood. The
effective ROA is an important and clinically significant index of
the severity of regurgitation. The PISA methods as Doppler ec-
hocardiography can be easily applied in childhood. First and se-
cond degree MR could be reliably distinguished from third and
fourth degree by the PISA, and quantitative and semiquantitati-
ve Doppler echocardiography. 
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Figure 4. Correlations between the effective regurgitant orifice area
and regurgitant volume obtained by the proximal isovelocity surface
area method. ROA=regurgitant orifice area, PISA=proximal isovelo-
city surface area, RV=regurgitant volume, circles=patients, lines=reg-
ression line in middle and 95% confidence interval the others) 
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