Anadolu Kardiyol Derg
20009; 9: 430-2

Editore Mektuplar
Letters to the Editor 431

A mathematical approach to mitral regurgitation

Mitral regurjitasyona matematiksel bir yaklasim

Left ventricular end-diastolic pressure, left atrial pressure (LAP)
and pulmonary capillary wedge pressure has been the subject of many
investigations. The reason is that these pressures provide a good guide
to assess the heart failure. Echocardiography is the method of choice in
many instances. Evaluation of left ventricular pressure (LVP) may help
in echocardiographic analysis of left ventricular filling pressures.

The mitral regurgitation (MR) can be detected by echocardiography
with nearly 100% sensitivity (1). The MR is a good guide to assess left
ventricular pressure. The Doppler recording of MR (MR jet) depends on
the pressure gradient between left ventricle and left atrium, because it
is this gradient that pushes the blood from left ventricle to left atrium.
The relation has been described as (2):

AP=1/28(V92 = V42) + 8(dV/dt)*ds + R} (Eq. 1)

where AP is the pressure difference across the stenosis, V1 and V2
are the velocities proximal and distal to the stenosis, respectively, d is
the mass density of the blood, R is viscous resistance and p is viscosity.
The last two terms are negligible; therefore, the Eg-1 converts to:

AP=4 (VZZ - V]Z) (Eq 2)

In cases of very low V1, the equation may finally be converted to:

AP=14V,2 (Eq. 3)

The MR jet is in fact a graphic of blood velocity versus time. Using
the relation between AP and blood velocity, we can rewrite the Eq. 3 as:

AP/4=V?2 (Eq. 4)
We know that:
AP =LVP - LAP (Eq. 5)

where LVP is the left ventricular pressure and LAP is the left atrial
pressure. Then,

LVP=AP + LAP (Eqg. 6)

During ventricular systole, change in LVP is much more prominent
than change in LAP with the exceptions of presence of V-wave. With this
assumption, it can be concluded that the MR jet is also a reflection of LVP

Although the entire time course of LVP cannot be converted to
certain equations because of the variability in aortic properties, some
equations have been proposed for isovolumic contraction and
isovolumic relaxation phases, which are the periods that the aortic
valve is not open, and therefore, aortic pressure is not equal to the left
ventricular pressure. The mostly accepted example of such an equation
is Weiss' formula which was suggested for defining left ventricular
pressure during isovolumic relaxation phase (3):

P=Pgx et" (Eq.7)

where the P is the instant pressure during isovolumic relaxation
phase, Py is the left ventricular pressure at any time before the time of
left ventricular pressure of P e is the base of natural logarithm, t is the
time interval between the pressure of Py and P, t is the isovolumic
relaxation time constant.

Actually, P is equal to AP + LAP and Py is equal to APj + LAR So, we
can convert the equation (Eg. 7) to another equation:

(AP+LAP) = (AP(+LAP) x e/t (Eq. 8)

We can give some absolute numbers for AP and APg, such that
AP=0 mmHg and APy = 64 mmHg or APy = 36 mmHg (Fig. 1). So we can
rewrite the equations as:

(0 + LAP)=(64 + LAP) x e-tl/x (Eq.9)

(0 + LAP)=(36 + LAP) x e-t2/t (Eq. 10)

Natural logarithm of each side of each equation gives two other
equations:

In (LAP) = In (64+LAP) —t1/t (Eq. 11)
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Figure 1. The illustration of determining t* and Pa

In(LAP) = In (36 + LAP) — t2/¢ (Eg. 12)

We can convert these equations into two other equations:

t1/v = In (64+LAP) - In (LAP) (Eg. 13)

t2/t = In (36+LAP) - In (LAP) (Eq.14)

If we divide right side of the Eq. 13 with the right side of the Eq. 14
and left side with left side, we obtain another equation:

t1/t2 = [In (64+LAP) - In (LAP)]/ [In (36+LAP) - In (LAP)] (Eg. 15)

It is seen that t1/t2 is a function of LAP alone. This hypothesis was
tested by a clinical study and it was confirmed that this principle is valid (4).

There is another support for the validity of the Eg. 8. It was
proposed by Chen et al. (5) that T can be measured from the MR jet.
Their method was based on the measurement of the time duration from
3 m/s velocity to 1 m/s velocity of MR jet on the descending part. So
they used the AP as 36 mmHg and 4 mmHg. Then:

(LAP +4) = (LAP + 36) x et/ (Eq. 16)

According to their proposal, the t should be equal to , then:

(LAP + 4) = (LAP + 36) x e"7/* (Eq. 17)
(LAP + 4) = (LAP + 36) x ! (Eq. 18)
(LAP + 4) = (LAP + 36) x 0,37 (Eq. 19)

According to this equation, LAP should be 14.8 mmHg to validate
this method. However, they have reported that they had assumed LAP
as 10 mmHg. On the other hand, they also confessed that this
assumption has led to underestimation of the t. Although they have not
mentioned, the underestimation of t may be explained by this
assumption. Never the less, this assumption may take us to another
position. We can easily measure the time interval from 3 m/s to 1 m/s on
the MR jet (Fig. 1, step 1). Let's define this interval as t*. Afterwards,
let’s find the point on the descending part of the jet, which is t* away
from the end of the jet. Let's define this point as Pa (Fig. 1, step 2). Then:

(0 + LAP) = (Pa + LAP) x e t® (Eq. 20)

( 4+ LAP) = (36 + LAP) x et"/® (Eq. 21)

If we divide one side of the Eq. 22 with same side of the Eq. 23, then:

LAP/(4+LAP) = (Pa + LAP) / (36 + LAP) (Eq. 22)
Then,
LAP = (4 x Pa) / (32 - Pa) (Eqg. 23)

It is seen from the equation that Pa is a function of LAP and gives
information about the LAP

We can convert Eqg. 8 to another equation:

e't"/t= (36 + LAP) / (64 + LAP) (Eq. 24)

Natural logarithm of each side of the equation is:

-t*/t =In [(36 + LAP) / (64 + LAP)] (Eg. 25)

t*/t =In [(64 + LAP) / (36 + LAP)] (Eq. 26)

If we substitute LAP with the one in Eq. 23, then:

t*/t=In[(64 + ((4 x Pa) / (32 - Pa)) / (36 + ((4 x Pa) / (32 — Pa)))] (Eq. 27)
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So we can also conclude that, t*/t is a function of Pa. Therefore, if
we can accurately point the Pa, we will obtain information about two
important parameters of diastolic function: LAP and .

In fact, it is very difficult to use these equations for exactly
predicting the parameters because they are very complex. However,
after proving the validity of these hypotheses, the devices can
automatically calculate the dependent parameters, resulting in more
efficient use of Doppler echocardiography.

Mehmet Uzun
Department of Cardiology, GATA Haydarpasa Education Hospital,
Uskiidar, istanbul, Turkey
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Myxomanin arteri
The myxomas artery

Sayin Editor,

Kardiyak miksomalar en sik rastlanan kardiyak neoplazilerdir. Tiim
kardiyak neoplazilerin %30 ile 50'sini olustururlar. Anjiyografik olarak
kanitlanmis neovaskiilarizasyon %30 ile 40'inda gorilmektedir.
Neovaskiilarizasyon sol sirkumfleks veya sag koroner arterden esit
siklikla kéken alir (1).

Miksomanin besleyici arterine yazarlarin (2-4) ve derginizin goster-
digi ilgi bizleri memnun etmektedir. Ekibimiz de miksomanin arterinin
gGriintiilendigi bir olgu nedeniyle bu konu ile ilgilenmektedir (5) ve kat-
kida bulunmayr amaclamaktadir.

Bir koroner arter ile bir kalp boslugu arasinda bulunan fistiiller
genelde dogustan olup anjiyografi icin refere edilen hastalarin

%0,17'sinde mevcuttur. Bir koroner arter ile bir kalp boslugu arasinda
akkiz fistiile nadiren rastlanir. Aterosklerotik koroner arter hastaligi,
mitral stenozla birlikte sol atriyal trombiis varligi, rezeke edilmemis
miksoma varliginda fistiil rapor edilmis olup bir atriyal miksoma rezeksi-
yonu sonrasi sol atriyum igine fistiil olusumu daha nadirdir. Bilindigi
tizere, miksoma tanisi alan her hastada koroner anjiyografi rutin olarak
uygulanmamaktadir. Genelde 40 yas alti erkekler ve 45 yas alti kadinlar-
da ekokardiyografi ile tani kesinlestirilip cerrahi tedaviye yonelinir.
Anjiyografi uygulanmaz. Miksomalar, agirlikli olarak atriyal septumdan
kaynaklanir ve cerrahi tedavisinde miksomanin pedikiilii ile birlikte
yaklagim 1 cm ¢apinda atriyal septum da rezeke edilir. Septumda olugan
defekt, sonrasinda onarilir. Roth ve arkadaslarinin (1) galismasi, sol
atriyumdaki miksoma rezeksiyonundan vyillar sonra hile arteriyoatriyal
fistiil gelisebilecedini gdstermistir. Bu makale, bizim kanaatimize gore,
yukaridaki cerrahi yéntemin gdzden gecirilmesi gerekliligini ortaya koy-
maktadir. Miksomanin besleyici arteri anjiyografik olarak goriintiilense
de goriintiilenmese de, cerrahi sirasinda bu arter baglansa da baglan-
masa da miksomanin sapinin etrafindaki dokunun (atriyal septum, atri-
yal duvar) —eger uygunsa- radyofrekans ablasyon yontemi ile koterize
edilmesi gerekliligi kanisini olusturmaktadir. Diger cerrahi koterler, kul-
lanimlari halinde aritmojenik odak teskil edebilecedi icin, radyofrekans
ablasyon uygulamasinin tercih edilmesi gerektigini diisiinmekteyiz (5).
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