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THE PROXIMAL FLOW CONVERGENCE METHOD CAN
BE EXTENDED TO CALCULATE REGURGITANT STROKE
VOLUME; IN VITRO APPLICATION OF THE COLOR
DOPPLER M-MODE

Edward G. Cape. BS. Ajit P. Yoganathan. PhD. Leonardo
Rodriguez. MD. Arthur E. Weyman. MD. FACC. Robert A.
Levine. MD. FACC. Mass. General Hospital, Boston, MA

Recent studies have shown that the flow convergence region
proximal to an orifice can be used to quantify flow rate from the
color Doppler flow image. Flow is assumed to converge radially
toward the orifice. By coniinuity, orifice flow equals the flow
through a hemispherical proximal isovelocity surface area (PISA)
with a radius equal to the distance between the orifice and the first
color alias encountered as flow accelerates: the velocity at that
surface equals the Nyquist limit. Peak Q has been calculated from
maximum systolic radius squared. Which is proportional to the
PISA. However. measures of total repurgitant stroke volume
(RVOL) have not been tested. "The color Doppler M-mode
(CDMM) can display the radius of first aliasing vs time. The
purpose of this study was therefore to test the hypothesis that total
RVOL can be calculated by integrating the PiSA from the CDMM
Tadius squared over the period of flow. Pulsatile flow was pumped
through circular orlices (.00 - .23 sq ¢m). producing RVOLs of 9
- 98 ml/beat. The Nyquist limit was adjusted to maximize the
radius. which was measured along the axis of flow. and the radius
was squared and integrated from the CDMM trace through the
center of the PISA. RESULTS: Calculated RVOLs agreed well
with electromagnetic flow values when 5 beats were averaged (y =
.92x - .58. r= .99. SEE= 2 ml); for single beats. r= .98, SEE=
4.4 ml. CONCLUSION: The proximal flow convergence methed
can be extended throughout the pulsatile flow cycle to provide an
accurate estimated of RVOL for the orifices studied in vitro. This
is achieved by integrating the PISA radius squared from the
CDMM tracing. and does not assume orifice area to be constant.

VALIDATION OF A NEW METHOD FOR VALVE AREA
CALCULATION USING THE PROXIMAL ISOVELOCITY
SURFACE AREA IN PATIENTS WITH MITRAL STENOSIS.
Leonardo Rodriguez. MD. Victor Monterroso. MD. Licia Mueller.
RDMS. Pamela Harrigan. RDMS. James D Thomas, MD, FACC.
Arthur E Weyman. MD. FACC. Robert A Levine. MD. FACC.
Massachusetts General Hospital. Boston MA.

The flow convergence region proximal to an orifice has been tested
as a means of calculating flow rate through regurgitant orifices.
However. this method can also potentially be used to_ derive
cardiac output proximal to stenotic orifices and therefore to
calculate their areas using the continuily equation. In patients (pts)
with mitral stenosis (MS) this proximal convergence region is
clearly seen. and this method has the advantage of providing
forward flow across the valve regardless of the presence of
regurgitation (MR). Therefore. 1o test the validity of this concept.
we studied 30 pts with MS in sinus rhythm using 2D-echo an

Doppler color flow mapping. Color flow recordings of mitral
inflow were obtained from the apical views and the Nyquist limit
was lowered to increase the visualized prcximal isovelocity surface
area (PISA). PISA was calculated assuming uniform radial flow
convergence along a hemispherical surface, corrected by a facioi
that accounted for the inflow angle formed by the mitral leaflets
«hemispherical sector). The PISA radius was measured from the
orifice to the first color alias in the proximal convergence region.
along an axis parallel to that of flow. Mitral valve area using PISA
(MVAp) was calculated as MVAP= PISA*Vn/Vmax (Vn=Nyquist
velocity. Vmax= peak velocity by continuous wave Doppler).
MVAp was compared with planimetered area (Apl). RESULTS:
MVAp correlated well with Apl (MVAp=1.09*Apl-0.16. r=.92
SEE=.19cm2) over a range of .5 to 2.1 cm2. Agreement was
similar for 17 pts with MR and 13 without. CONCLUSION: The
concept of PISA can be extended to orifice area calculation using
the continuity equation. This allows accurate estimation of MS
valve area and is not influenced by MR.

EFFECTS OF ORIFICE SIZE AND SHAPE ON FLOW RATE ESTIMATED
FROM FLOW CONVERGENCE REGION IMAGED BY COLOR DOPPLER FLOW
MAPPING PROXIMAL TO RESTRICTIVE ORIFICES: AN IN VITRO
STUDY. Valdir A, Moises, M.D. Kung Chao, M.D., Robin
Shandas, B.S., Azucena Murillo, M.D., Jean-Pierre Belot,
M.D., Lilliam Valdes-Cruz, M.D., FACC, David J. 3ahn,
M.D., FACC. Univ of Caiif, San Diego, CA.

Previous studies suggest that regurgitant flow rate
(FR) can be estimated using the flow convergence region
(FCR) imaged by color flow Doppler proximal to regurgitant
orifices. We studied the effects of orifice size and
shape on FR estimates in a constant flow model at FRs of
0.70 to 5.6 1/min with maximal jet velocities 1.0 to 6.6
m/sec through 4 circcular orifices of 3.4 to 6.8 mm dia-
meter and through 16mm? rectangular and elliptical ori-
fices. Images were obtained with a Toshiba SSH65A, with
a 3.75MHz transducer for Nygquist limits (NL) of 54, 41,
27 and 14 cm/sec to determine the radius (R) from the
first aliasing surface to the center of the orifice and
calculate flow area X velocity of a hemisphere isovelocity
surface (2nR? X NL) as a measure of flow rate, For each
separate orifice, the estimated FR correlated well with
the actual flow rate for gvery NL used (r=0.87-0.99);
however, the regression relationships of FR estimation
were different for each NL used (p<0.05) with a consistent
underestimation of FR, especially for higher NL and larger
orifices. The relationship between estimated and actual
FR was similar between the different orifices and between
the planar axes of rectangular elliptical orifices only
when imaged at NL 14 cm/sec, when the FCR radius was
more distant from the orifice. The FCR may be used to
estimate regurgitant flow rate but accuracy depends on
orifice size and shape and the NL used. Using lower NLs
to visualize the FCR at greater distances from the orifice
overcomes some of these difficulties.

NYQUIST LIWIT AND ORIFICE AREA INDEPENDENTLY AFFECT THE
ACCURACY OF PROXIMAL ISOVELOCITY SURFACE AREA ESTIMATION
OF FLOW RATE:AN IN VITRO STUDY.

Leonardo Rodriquez, MD, Joseph Anconina, MD, Pamela
Harrigan, RDMS, Robert A Levine MD FACC, Victor H Monte-
rroso, MD, Arthur E Weyman, MD FACC, James D Thomas, HD
FACC. Massachusetts General Hospital, Boston MA.

The flow convergence region proximal to an orifice
has been used for flow rate (Q) calculation, multiplying
the proximal isovelocity surface area (PISA) by the color
Doppler Nyquist velocity (v,). Although it is generaily
assumed that the isovelocity contours form concentric
hemispheric shells, hydrodynamic analysis predicts this
should progressively underestimate true flow when the
velocity radius is smaller than the orifice diameter,
either due to a high Nyquist limit or a large orifice
area (A). To test this question, we calculat:d Q in a
dynamic 7n vitro model using the PISA method w th vy = 1€
to 36 cm/sec. We used circular orifices (A = 0.3, 1.0
cm?) with Q up to 150 cc/sec. PISA was calculated
assuming a hemispheric geometry: PISA=2ar,?, where ry is
the aliasing radius. Flow rate (Q,) was calculated as
Q,=PISA-v, and compared with the true flow rate (Q,)
measured 't')y electromagnetic probe. RESULTS: Overall, f]p
agreed well with @, : = 0.96Q, - 10.6, r=0.95,
oo P54 Flom forisecl . p<0.000‘i, n=50. However, below a true

" flow of about A.v,, Q, was 0, since no
aliasing occurred. Multivariate
regression showed both orifice area
' and v, to have a negative influence on

/ 0, U, =25.1+1.20, - 40.8A -0.9v,,
' | r20.99, p<0.0001. CONCLUSION: The
o ey ™ assumption of hemispheric geometry is
progressively less valid for larger orifices and higher
Nyquist limits, particularly at low Q. This should be
considered when evaluating flow rate by the PISA method.



https://core.ac.uk/display/82658429?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1



