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HEMODYNAMIC PROFILE OF MITRAL STENOSIS. CORRELATION WITH VALVE AREA

ROBERTO BASSAN, ANTONIO SERGIO C, ROCHA, BRIAN J, BALDWIN

Thirty-eight patients with isolated rheumatic mitral stenosis were studied by cardiac
catheterization to assess the severity of mitral valve obstruction. Mitral valve area varied
from05to 1.7 cm? (0 96 + 0 35 cm, mean + SD). Cardiac index was normal in hall of the
patients (2 82 = 0 64 L/min/m?). Most of the patients had increased pulmonary artery
pressure and resistance and all but three had elevated pulmonary capillary wedge pressure
(PCWP). Mitral valve area correlated best with cardiac index (r = 0 74). The correlation
of mitral valve area with PCWP, mitral diastolic gradient and pulmonary artery systolic
pressure was poor. Several patients with critical stenosis had normal pressure values.
Pressure-flow curves for different mitral valve areas were obtained, but some individuals
could not fit in them probably because left atrial compliance varied from patient to patient.
Patients with mitral stenosis have been shown to haveimpaired | eft ventricular contractility
and/or compliance and this may be the reason for the different behavior between PCWP
and mitral valve gradient.

It is concluded that the severity of mitral stenosis is best assessed by calculation of the
mitral valve area. Cardiac index correlates well with the severity of stenosis, but pressure
data may often give misleading information.

Rheumatic mitral stenosisisan acquired heart disease
for which surgical treatment isindicated when the mitral
obstruction is of such degree as to cause significant
hemodynamic changes that impair normal physical
activity. Patientsin NYHA functional class| and Il are
usually treated medically and those in class 111 and IV
are treated surgically 1. The assessment of functional
impairment of patientswith mitral stenosisisfrequently
aproblem when onereliesonly on subjectiveinformation
25 Due to the fact that physical disability is gradual
and slowly progressive in this disorder some patients
my misinterpret or even be unaware of limiting
symptons®. Sedentary individuals my be a prototype of
asymptomatic patient with severe mitral valve
obstruction.

On the other hand, objective non-invasive tests as
phonocardiography, echocardiography and stress exercise
have been less than ideally reliable in assessing the
severity of mitral stenosis ™.

Therefore, cardiac catheterization remains as the
most important examination in the assessment of the
severity of mitral valve’ obstruction. The mitral valve
areacalculated from invasive hemodynamic data based
on Gorlin Gorlin's formula 2 is the most reliable

parameter of the severity of mitral stenosis. It has been
established that a mitral valve area equal to or less
than 1.0 cm? can be considered critical stenosis, because
most of the tine it produces hemodynamic
derangementsthat will place apatient in function class
Il or 1V 2,13,14, requiring probable surgical
management.

The present study was undertaken in order to
correlate the mitral valve areawith the hemodynamic
parameters obtained during complete right and left
cardiac catheterization and to determine if any of
these parameters could substitute the calculated
mitral valve areain the assessment of severity of mitral
stenosis.

MATERIAL AND METHODS

Thirty-eight patients, 10 malesand 28 femalesbetween 20
one 58 (mean of 35 2 £ 9 8) years of age, with clinical,
electrocardiographic and radiol ogic findings consistent with
isolated mitral valve stenosis, underwent right and | eft cardiac
catheterization and angiography. The patients were studied
in the post absorptive state by either brachial or femoral
artery approach. Fluid-filled catheters were connected to
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two strain-gauge transducers, which were placed mid
chest for zero level. Pressures curves were registered on
photographic paper at a speed of 25 or 100 mm/sec (the
latter for transvalvular gradients). Transmitral diastolic
gradient was obtained by planimetry using simultaneous
pulmonary capillary wedge and left ventricul ar pressure
curves. The left ventricular diastolic filling period was
measured at the diastolic crossings of these two curves
and the heart rate was determined at thismoment. Cardiac
output was obtained by the thermaodilution technique
in 24 patients, by the Fick Method ¢ in eleven and by the
cineangiographic method * in two mitral valve area
was calculated using the modified Gorlin Gorlin's
equation 8 in 37 patients. One patient had his mitral
valve areameasured directly at surgery. The pulmonary
vascular resistance was obtained according to
Poiseuille’s equation, where
Pressure gradient X 80 gynes-see-cm-S.

Cardiac - output

No patient in this study had other valvular lesions
as assessed by left ventricul ography, aortography and
pressure curve analysis. The majority of the patients
had a history consistent with rheumatic heart disease
and were In NYHA functional class Il or I11. Thirty-
three patients were in sinus rhythm and the remaining
werein atrial fibrillation. The heart rate at the tine of
the study ranged between 55 and 127 (mean 870 + 177)
bpm. The data are expressed as mean standard
deviation. Analysis of differences among groups was
made by the Student’s t test Regression equation and
correlation coefficient were obtained by standard
formulas. Probability less than 5% (p < 005) was
considered significant.

Resistance =

RESULTS

Mitral valve arearanged from 05 to 1-7 (mean 096 +
035) cm? and wasbelow theso called critical level (1,0cm2)
in 24 of the 38vpatients. The cardiac index ranged from 18
to45 (mean 2.82-4 0.64) L/minx/m2, being abnormally low
(lessthan 2-8 L/min/ m?) in eighteen of the 37 patients. The
mitral valve diastolic blood flow ranged from 83 to 272
(mean 143.3 £ 42.4) ml/s. The pulmonary artery systolic
pressureranged between 28 and 90 (mean 50.0 + 166) mmHg
and was abnormally elevated (higher than 35 mmHg) in 29
of the 38 patients. The pulmonary arteriolar vascular
resistanceranged between 15 and 1090 (mean 23.07 +- 214.1)
dynes-see-cm-° and was abnormally elevated (higher than
90 dynes-sec-cm-5) in 29 of 37 patients. The mean
pulmonary capillary wedge pressure varied from 8 to 36
(mean 23.0 £ 7.5) mmHg, but wasnormal (equal to or less
than 12 mmHg) in only three patients. The transmitral
mean diastolic gradient ranged between 7 and 34 (mean
16.8 £ 6.9) mmHg, and the trans-pulmonary mean pressure
gradient (mean pulmonary artery pressure less mean
pulmonary capillary wedge pres. sure) ranged between 1
and 45 (mean 11.0+ 8.5 mmHg.

The relationship between the mitral valve area and
pulmonary capillary wedge pressureis shown infigure 1.
This relationship has alow correlation coefficient (r = -
0.46) because of scattering of data. One can see that for a
given mitral orifice awide range of pulmonary capillary
pressurevaluesis possible and that even adight abnormal
value can occur with acritical mitral valvearea.

The relationshin between mitral valve area and
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Fig.1 - Relationship between mitral area(MVA) and pulmonary capillary
wedge pressure (PCWP) in patientswith mitral stenosis.
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Fig.2 - Relationship between mitral valvearea(MVA) and transmitral mean
diastolic gradient (MVG) in patientswith mitral stenosis.

cardiacindex isdepicted infigure4. Thisrelationshipis
linear with am acceptable correlation coefficient (r =
0.74), demonstrating that the cardiac index follows
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closely the mitral valve area. However, it can be seen
that anormal cardiac index isstill possible with severe
mitral stenosis.

The relationship between the mitral valve area and
transmitral flow isshowninfigure5. Thisrelationship also
has an acceptabl e correl ation coefficient (r =0.78). Similar
to the cardiac index, the val ve area accompani es a narrow
range of mitral flow.

The relationship between transmitral mean diastolic
gradied and pulmonary capillary wedge pressure is
presented in figure 6. This relationship has an
acceptable correlation coefficient (r = 0.77). However,
it can be seen that the greater the pulmonary capillary
wedge pressure the wider is the range of mitral valve
gradient, indicating that the augmentation of these two
pressure parameters in mitral stenosis may not have
the same causes.

The relationship between transmitral flow and pulmonary
capillary wedge pressure is shown in figure 7. Thereis no
correl ation between these two parameters. One cam seethat
amost al patients with mitral valve areas greater than 1.0
cm? had mitral flaw greater than 150 mi/diastolic sec, while
amost al patients with valve areas less than 1.0 cm? had
flowssmaller than 150 ml/diastolic sec.

No significant correlation was found between heart
rate and pulmonary capillary wedge pressure (figure 8),
although it may be seen that the pulmonary capillary
wedge pressure has a tendency to increase as the heart
rate increases. However, this varied from patient to
patient.

The separate analysis of the five patients with atrial
fibrillation indicated that these patientsall had mitral valve
areasunder 1.0cm? (mean 0.76 + 0.11), cardiacindicesless
than 2.8 L/min/m? (mean 2.37 + 0.21), mitral blood flow below
150 ml/diastolic sec (mean 122.0+ 11.3), pulmonary capillary
wedge. Pressure above 20 mmHg (mean 274 + 5.0),
transmitral diastolic gradient greater than 13 mmHg (mean
17.2 + 2.8) and pulmonary artery systolic pressure greater
than 40 mmHg (mean 51.8 + 12.6). Themean agewas46.8
+ 2.4yearsand al but onewerefemales. Comparing these
date with those of the patientswith sinusrhythm, the mitral
valve areas, cardiac indices and mitral blood flows were
less, while the pressure values and the age were greater,
the differences, however, were not reach statistically
significant.

DISCUSSON

Cardiac catheterization has been performed throughout
the world for the past 30 years, with limitations in many
laboratories. Oneof theseistheinability to measure cardiac
output. This data has vital importance in patients with
valvular heart disease and is essential for calculation of
stenotic valve areas and/or regurgitant fractions. These
laboratories either obtain acardiac output based on assumed
oxygen consunption, obviously introducing variable
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Fig.3- Relationship between mitra valvearea(MVA) and pulmonary artery
systolic pressure(PASP) in patientswith mitral stenosis.
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Fig.4 - Relationship between mitral valve area(MVA) and cardiac index
(Cl) in patientswith mitral stenosis.

degrees of error initsdata, or do not calculateit at all. In
the latter case the assessment of severity of valvular
stenosis is based on pressure data and the degree of
valvular insufficiency isbased on subjective angiographic
examinations Braunwald et a *° expressed theideathat the
mitral valve gradient is the fundamental hemodynamic
manifestation of mitral stenosis, but further studies have
demonstrated this parameter to be less important 5222,
The initial works of Gorlin and Gorlin 2 and Wood *®
introduced the concept of assessing the severity of mitral
stenosis by the calculation of mitral valve area from
catheterization data. This has been proven to be valid by
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Fig.5- Relationship between mitra valvearea(MVA) and transmitral blood
flow (MBF) in patientswith mitral stenosis.
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Fig.6 - Relationship between transmitral mean diastolic gradient (MVG)
and pulmonary capillary wedge pressure (PCWP) in patientswith mitral
stenosis.

several subsequent studies 2% Gorlin’soriginal formula
for themitral valve areahas been revised and the equation
modified for left heart catheterization data 8. Since the
works of Gorlin and Wood, few studies have been
performed to obtain a hemodynamic profile of mitral,
stenosis, by correlating the mitral valve area with other
catheterization data and to determine the validity of other
hemodynamic data for assessing the severity of mitral
StenOS-S 5,19—21,25,26_

Our study shown that the pulmonary capillary wedge
pressure is an inadequate parameter for assessment of
severity of mitral stenosis (fig.1). Patients
with non-critical valve area(morethan 10 cm?) may have
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Fig.7 - Relationship between transmitral blood flow (MGF) and pulmonary
capillary wedge pressure (PCWP) in patients with mitral stenosis. The
straight lines separate pressure-flow bandsfor thevarious mitral vaveareas
(MVA).
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Fig.8 - Relationshi p between pulmonary capillary wedge pressure (PCWP)
and heart rate (HR) in patientswith mitral stenosis.

important pressure elevationsin the pulmonary capillary
bed aswell as patients with severe stenosis (less than 10
cm?) may have almost normal pressurevalues. It isknown
that the pulmonary capillary pressure is dependent on
several factors, namely the mitral orifice size, the mitral
flow (which in turn depends on the heart rate and blood
volume), the, diastolic filling period (which depends on
the heart rate alone), the left ventricular diastolic pressure
and left atrial compliance*+?. These many factorsnight
explain the poor correlation of the pulmonary capillary
pressure with the mitral valve area, a fact that has been
also found by other authors 5202128,
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Although no correlation could be found between
pulmonary capillary wedge pressureand mitral blood flow,
we were able to reproduce the theoretical pressure-flow
curvesfor different valve areas proposed by Gorlin-Gorlin
2 (fig 7). They had proposed that different patients with
similar valve areas could modify their left atrial pressurein
a predictable fashion according to the mitral blood flow.
Our pressureflow “bands’ comprised most of the patients
with similar valve areas, athough some of them were noted
tofall in aneighboring band. This probably resulted from
a non-homogeneous bahavior of pressure, as it depends
on several factors. Wefeedl that left atrial compliance may
be one of these factors making the pressure response to
flow sometimes different from patient to patient with similar
valve aress.

This finding does not invalidate Gorlin’s hypothesis
that the left atrial pressure in mitral stenosis in highly
dependent on mitral flow in a given patient. It has been
demonstrated that with exercise or pacing a patient will
increase his left atrial pressure in a predictable fashion
12,19,27.

On the other hand, figure 8 shows that the heart rate
itself bears no relationship to the pulmonary capillary
wedge pressure. Different patientswith similar valve areas
and heart ratescan haveawiderange of pulmonary capillary
wedge pressures. This indicates that the heart rate, in
general, is not a very important factor in the genesis of
pulmonary venous hypertension in a patient with mitral
stenosis and that other factors (left atrial compliance, for
example) are probably moreimportant. Thisfinding does
not mean that an increasein the heart rate of apatient with
mitral stenosiswould not increase the pulmonary capillary
wedge pressure in a predictable way, as it has been
demonstrated previously 1219222740,

Carman et a 2 has shown distinct behaviour o the
pulmonary capillary wedge pressure (PCWP) in patients
with critical mitral stenosis when correlate with cardiac
index (CI). He demonstrated three possible combinations
of data: low Cl/high PCWP (88% of cases), normal Cl/high
PCWP (7%) and low Cl/normal PCWP (5%), postulating
that thelast two groups represent situationsin which potent
flow-regulating factors operate independently of the
obstructive lesions. Although these authors did not
comment on the pressure-flow curves of Gorlin Gorlin, we
feel that their data demonstrate the fact that pressure in
not always dependent only on flow in mitral stenosis.

The transmitral diastolic gradient was shown in our
study to be dlightly more accurate than the pulmonary
capillary wedge pressurein assessing the severity of mitral
stenosis(fig. 2). Small gradient (Iessthan 15 mmHg) were
seenin patientswith critical and non-critical mitral orificies,
but large gradients (greater than 25 mmHg) were seen only
incritical valvearess.

It should be remembered that, as pressure varies

inversely to the square of the area, the pressure gradient
required to maintain an adequate blood flow would be
excessively high, especially for critical stenosis.

Thegradient, similar to pulmonary capillary pressure,
isinfluenced by the mitral valve orifice size, blood flow,
left atrial compliance and diastolic filling period but not
by the left ventricular diastolic pressure 9273, This
probably explains the better correlation of mitral valve
area with transmitral diastolic gradient, as compared to
the pulmonary capillary pressure, confirming previous
studies 5202,

Pulmonary artery systolic pressure behave similarly to
the pulmonary capillary wedge pressurein its correlation
withthemitral valvearea(fig 3). Although the mgjority of
patients had pulmonary artery hypertension, it was noted
that pressure levels less than 50 mmHg were compatible
with critical and non-critical mitral stenosis. Theanalysis
of these patients showed that the behaviour of the
pulmonary vascul ar bed was variable, somewith increased
and others with normal or decreased pulmonary vascular
resistance, thus explaining the wide scatter seen in
pressurelevelsbelow 50 mmHg. Onthe other hand, levels
above 50 mmHg were almost always associated with
severe mitral stenosis and all had increased pulmonary
vascular resistance less than half of the patients had an
increased mean pulmonary artery mean pulmonary
capillary wedge pressure gradient, which is a
measurement of the reactivity of the pulmonary arteriolar
bed to chronic congestion, as seem in important mitral
stenosis (active or reactive pulmonary hypertension).
However, several of our patients with critical stenosis
had normal gradients through the pulmonary vascular
bed, indicating that the vascular reactivity is not always
dependent on the degree of stenosis.

Previous studies have also found poor correlation
between the pulmonary artery pressure and resistance and
themitral valvearea>?.

The cardiac index was found to be best hemodynamic
parameter to correlate with the severity of mitral stenosis
(fig4), behaving similar to the mitral blood flow (fig. 5), a
finding previously seem by other authors 212931,
It was seen that a cardiac index of less
than 2 8 L/min/m? was almost always indicative
of severemitral stenosis, although level sabovethat figure
could be found is some critically tight valves. This close
relationship is not surprising since the hydraulic formula
for fixed vaveorifices, fromwhich the Gorlin-Gorlinformula
for calculation of mitral valve areawas derived 2, had the
flow rate (or cardiac output) as its sole factor for the
numerator.

Although Carman and Lange # found only 7% of
patients with critical mitral stenosis to have a normal
cardiac index, Hugenholtz et a ® demonstrated a poor
correlation between cardiac index and mitral valve area
(r = 0407), a finding for which there has been no
explanation.
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The relationship between mitral valve gradient and
pulmonary capillary wedge pressure as seen in figure 6
was less significant than we expected to find, since the
latter is directly dependent on the former However, left
atrial pressure depends not only on the degree of mitral
stenosis, the blood flow, the left atrial compliance and
the heart rate (as the gradient), but also on the level of
left ventricular diastolic pressure (unlike the gradient).
Thusif left ventricular overload or dysfunction is present
for some reason, an increased left ventricular end-
diastolic pressure would lead to an increased |eft atrial
pressure, regardless of the degree of mitral valve
obstruction %

Recent studies*>* have demonstrated that patientswith
pure rheumatic mitral stenosis have normal or slightly
decreased left ventricular end diastolic volume and
moderately increased left ventricular endsystolic volume
consequently decreased gjection fraction, characterizing
impaired left ventricular function. The inappropriately
normal or even elevated left ventricular end-diastolic
pressure found at rest in these patients 5%2¢ may result
from impaired ventricular compliance %% and/or
contractility 323373 and may thus explain the less than
optional correlation between mitral gradient and | eft atrial
pressure found in our study and in a previous paper by
Samet et al *®

Themitral valveareas, asmeasured by Gorlin-Gorlin's
formula, have afew sourcesfor error. On of theseisthe
presence of mitral regurgitation. None of our patients
had mitral insufficiency as assessed by left
ventriculography. The other is the measurement of the
left ventricular diastolic filling period in all of our cases,
this was done simultaneously with recordings of the
left ventricular and the pulmonary capillary wedge
pressures. It can be said that the calcul ated mitral valve
area in the present work is as close as possible to the
true valve crossseccional area, although no direct
measurement at surgery or autopsy was made. Possible
differences between our results and prior studies may
be due to the fact that many of these studies lacked
complete and up-todate information regarding cardiac
catheterization, such as: performance of aortic and left
ventricular angiography (to rule out associated valvular
regurgitation), measurement of left ventricular diastolic
pressure (to calculate the mitral gradient and the diastolic
filling period), calculation of mitral valveareaby the Gorlin-
Gorlinequation“.

The presence of chronic atria fibrillation in patients
with rheumatic mitral stenosis has been associated with
severe hemodynamic derangement, enlarged left atrium,
the extent of fibrosis of the atrial myocardium and the age
of the patient 42, Our paper shows that patients with
rheumatic mitral stenosis who are in chronic atrial
fibrillation always have acritically stenosed valve with a
low cardiac index and elevated pulmonary and arterial
venous pressures; they are older than those with sinus

rhythm. Wefeel that the extent of myocardial sear ring and
chronic inflammation in long standing rheumatic disease
plays asimportant arole asthe severity of the obstruction
of the mitral valve in the genesis of atrial fibrillation in
these patients #

It can be concluded that although mitral stenosis
produces well-defined hemodynamic derangements that
cam be observed through catheterization of the right and
left chambers, such abnormalities are not present in all
patients and are not even constant in the same patient.
Assessment of the severity of mitral stenosis by pressure
curve analyses, namely of the left atrial (or pulmonary
capillary wedge) and the pulmonary artery pressures and
of transmitral diastolic gradient arelessthan accurate and
may |ead to grossunder or overestimation of severity. The
cardiac index has agood correlation with the mitral valve
area, athough normal values have been seen with severe
mitral stenosis. Thefinding of atrial fibrillationisindicative
of i -critically stenosismitral valve and low cardiac output.
It must be stressed that the mitral valve area calculated
from Gorlin-Gorlin’s equation remains the most reliable
measurefor assessing the severity of mitral stenosis. Thus
cardiac output may be measured accurately in all such
patients.

RESUMO

Trinta e oito pacientes portadores de estenose mitral
reumatica pura foram estudados por cateterismo
cardiaco para avaliar a gravidade da obstrucéo valvar.
A idade médiafoi de 35,2 + 98 anos e 28 eram mul heres.
A maioriados pacientes estavaem classe funcional |1 e
I11. A &reavalvular mitral foi calculadapelaequacdo de
Gorlin-Gorlin em 37 casos e medido nacirurgiaemum, e
varioude0,5a1,7 cm? (0,96 £ 0,35). O indice cardiaco
estava normal na metade dos pacientes (2,82 + 0,64 L/
min/m?). Muitos dos pacientes tinham elevacdo da
pressdo eresisténciaarterial pulmonar eamaioriatinha
aumento da pressédo capilar pulmonar. A &rea valvular
mitral se correlacionamelhor com o indice cardiaco (r =
0,74) apesar de que valores normais deste foram vis-
tos com areas valvares iguais ou menores que
1 cm2. Muitos pacientes com estenose mitral
critica tinham fluxo transversal menor que 150 ml/s
diastdlico. A correlac@o da érea valvular mitral com a
pressdo capilar pulmonar, pressdo sistolica de artéria
pulmonar egradientetransvalvular mitral foi fraca. Varios
pacientes com estenose mitral critica tinham valores
pressoricos normais. Curvas de pressdo-fluxo para
diferentes areas valvares foram construidas para
individuos deferentes mas alguns néo se, ajustavam nas
mesmas provavelmente porque a complacéncia atrial
esguerda variou entre os pacientes. O comportamento
da presséo capilar pulmonar foi um pouco deferente do
gradiente transversal mitral; apesar de que aquele
depende deste, o gradiente ndo é influenciado pela
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presséo diastolicafinal do ventriculo esguerdo.

Pacientes com estenose mitral reumética multas vezes
apresentam altera¢cBes da contratilidade e/ou da
complacénciaventricular esquerda e esta pode ser arazéo
para o diferente comportamento entre a pressdo capilar
pulmonar e o gradiente transvalvar.

Fibrilacdo atrial s6 foi encontrada em pacientes com
estenose mitral critica. Conclui-se que a gravidade da
estenose mitral émelhor avaliadapelo cculodaéreavalvar.
O indice cardiaco se correlaciona bem com a érea valvar
porém os dados press6ricos podem ser desorientadores
em muitas situagoes.

REFERENCES

1. Fowler, N. O.; Van der Bel-Kahn, J. M. - Indications for surgical
replacement of the mitral valve. Am. i. Cardiol. 44: 148,
1979.

2. Selzer A.; Cohn, K. - Functional classification of cardiac disease:
a critiqgue. Am. J. Cardiol. 30: 306, 1972.

3. Wood, P. - An appreciation of mitral stenosis; clinical features
(1). Br. Med. 1: 1051, 1954.

4. Brunnen, P. L.; Finlayson, J. D.; Short, D. Serious mitral
stenosis with slight symptoms: case for a purely objective
assessment for operation. Br. Med. J. 1: 1958, 1964.

5.  Hugenholtz, P. G.; Ryan, T. J;; Stein, S. W.; Abelman, W. H. -
The spectrum of mitral stenosis. Hemodynamic studies in
relation to clinical disability. Am. J. Cardiol. 10: 773, 1962.

6. Selzer, A. - Principles of Clinica Cardiology. Philadelphia, W.
B Saunders, 1975. p. 515.

7. Ebringer, R.; Pitt, A.; Anderson, S. T. - Hemodynamic factors
influencing opening snap interval in mitral stenosis. Br Heart
J 32: 350, 1970.

8. Nanda, N. C.; Gramiak, R.; Shan P. M. - Echocardiographic
misdiagnosis of severity of mitral stenosis. Clin. Res. 23: 199,
1975 (abstr).

9. Cope, G. D,; Kisslo, J A.; Johnson, M. L.; Behar, V. S. -A
reassessment of the echocardiogram in mitral stenosis
Circulation, 52: 664, 1975.

10. Patterson, J. A.; Naughton, J; Pietras, R. J.; Gunnar, R. M. -
Treadmill exercise in assessment of the functional capacity of
patients with cardiac disease. Am. J. Cardiol. 30: 757, 1972.

11. Linhart, J W,; Turnoff, H. B - Ritfals in diagnostic and functiona
evaluation using exercise testing. Chest, 65: 364, 1974.

12. Gorlin, R,; Gorlin, S. G. - Hydraulic formula for calculation of
the area of the stenotic mitral valve, other cardiac valves and
Central circulatory shunts. Am. Heart. J. 41. 1, 1951.

13. Wood. P. - An appreciation of mitral stenosis: investigation
and results (11) Br. Med. J. 1: 1113, 1954,

14. Gorlin, R.; Haynes, F. W.; Goodale, W. T.; Sawyer, C G.; Dow,
J. W.; Dexter, L. - Studies of the circulatory dynamics
in mitral stenosis. Altered dynamics at rest Am Hear. J. 41:
30, 1951.

15. Branthwaite, M.; Bradley, R. D. - Measurement of cardiac
output by thermal dilution in man. J. Appl. Physiol. 24. 434
1968.

16. Selzer, A.; Sundrann, R. B. - Reliability of the determination
,of cardiac output in man by means of the Fick principle. Circ.
Res. 6: 485, 1958.

17. Greene, D. G,; Carlide, R.; Grant C.; Bunnell, I. L. -Estimation
of left ventricular volume by one-plane cineangiography.
Circulation, 35: 61, 1967.

18. Cohen, M X.; Gorlin, R. - Modified orifice equation for
calculation of mitral valve area. Am. Heart J. 84: 839, 1972.

19. Braunwald, E.; Moscovitz, H. L.; Amram, S. S. et a. - The
hemodynamics of the left side of the heart as studies by
simultaneous left atrial, left ventricular and aortic pressures:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

particular reference to mitral stenosis. Circulation, 12: 69,
1955.

Hancock, E. W. - Assessment of mitral valve disease by left
heart catheterization. Br. Heart. J. 21: 389, 1959.

Dickens, J.; Raber, G.; Woldow, A.; Lorange, G. C.; Goldberg,
H. - A study of mitral stenosis by combined catheterization of
the left and right sides of the heart. N. Engl. J. Med. 256:
1017, 1957.

Bjork, V. O.; Mamstron, G. - The diastolic pressure gradient
between the left atrium and the left ventricle in cases of mitral
stenosis. Am Heart J 58: 486, 1958.

Askenazi, J.; Carlson, C. J,; Alpert, J. S,; Dexter, L - Mitral
valve area in combined mitral stenosis and regurgitation.
Circulation, 54: 480, 1976.

Morrow, A. G.; Clark, W. D.; Harrison, D. C.; Braunwald, E -
Prosthetic replacement of the mitral valve: operative methods
and the; results of preoperative and postoperative hemodynamic
assessment. Circulation, 29 (Suppl. 1): 1-2, 1964.

Abelmann, W H.; Hancock, E. W; Jreissaty, R. M; Katznelson,
G.; Levinson, G. E. - Accuracy of predicting type and severity
of mitral and aortic disease by catheterization of the left side
of the heart. In: Abstracts of communications, Brussels, Third
World Congress of Cardiology, 1958. p. 489.

Rowe, G. G.; Maxwell, G. M.; Cattillo, C. A.; Huston, J. H.;
Crumpton, C. W. - Hemodynamics of mitral stenosis with
special reference to coronary blood flow and myocardial oxygen
consumption. Circulation, 22: 559, 1960.

Nakhjavan, F K.; Katz, M. R.; Shedrovilzky, H.; Maranh&o,
V.; Golberg, H. - Hemodynamic effects of exercise,
cathecolamine stimulation and tachycardia in mitral stenosis
and sinus rhythm at comparable heart rates. Am J. Cardiol.
23: 659, 1969.

Adrouniy, Z. A.; Griswold, H. E. - Hemodynamics of mitral
valve disease as altered by systemic hypertension. Am. J.
Cardiol. 11: 97, 1963.

Carman, G. H.; Lange, R, L. - Variant hemodynamic pattern
in mitral stenosis. Circulation, 24: 712, 1961.

Silverman, L. M.; Samet, P; Bernstein, W. H.; Litwak, R S. -
Effects of variations in cardiac output and diastolic filling
period upon the mitral diastolic gradient Am. Heart. J. 61:
646, 1961.

Araujo, J.; Lukas, D. S. - Interrelationships among pulmonary
capillary pressure, blood flow and valve size in mitra stenosis.
The limited regulatory effects of the pulmonary vascular
resistance. J Clin Invest. 31: 1082, 1952.

Curry, G. C.; Elliott, L P; Ramsey, H W. - Quantitative left
ventricular angiographic findings in mitral stenosis Am. J.
Cardiol 29: 621, 1972.

Kennedy, J. W; Yarnal, S. R.; Murray, J. A. - Quantitative
angiography. Relationship of left atrial and ventricular pressure
and volume in mitral valve disease. Circulation, 41: 817, 1970.
Heller, S. J.; Carleton, R. A - Abnormal left ventricular
contraction in patients with mitral stenosis. Circulation,
42:1099, 1970.

Kasalicky, J; Hurych, J.; Widimsky, J - Left heart hemodynamics
at rest and during exercise in patients with mitral stenosis. Br.
Heart J. 30: 188, 1968.

Feigenbaum, H.; Campell, R W.; Wunsch, C. M.; Steinmetz, E.
P - Evaluation of the left ventricle in patients with mitral
stenosis. Circulation, 34: 462, 1966.

Horwitz, L. D.; Mullins, C. B.; Payne, R. M.; Curry, G. C, - Left
ventricular function in mitral stenosis. Chest, 64: 609, 1973.

Bittar, N.; Sosa J. A.; Reid, E. A. S. - Left ventricular function
during exercise in patients with pure mitral stenosis. Acta
Cardiol. 26: 581, 1971.

Samet, P; Litwak, R. S.; Bernstein, W. H.; Fierer, E. M.
Silverman, L. M. - Clinical and physiologic relationships in
mitral valve disease. Circulation, 19: 517, 1959.

Arani D. T.; Carleton, R. A. - The deleterious role of tachycardia
in mitral stenosis. Circulation, 26: 511, 1967.



48

41.

42.

43.

44.

45.

arquivos brasileiros de cardiologia

Feigenbaum, H; Linback, R E; Nasser, W. K. - Hemodynamic
studies before and after instrumental mitral commisurotomy.
Circulation, 38: 261, 1968.

Bassan, R.; Ehl, P.R.; Luz, F. SO.; Nogueira, A. A.; Baldwin,
B. J. - Electrocardiographic findings in mitral stenosis.
Hemodynamic correlation. Arg. Bras. Cardiol. 40: 391
1983.

Bailey, G- W.; Braniff, B. A.; Hancock, E. W.; Cohn, K. E. -
Relation of left atrial pathology to atrial fibrillation in mitral
valvular disease. Ann. Int. Med. 69: 13, 1968.

Braunwald, E. - Valvular heart disease. In: Braunwand, E (ed).
Heart Disease: A Textbook of Cardiovascular Medicine ist ed.
Philadelphia, W.B. Saunders Co, 1980.p.1095.

Probst, P.; Goldschlager, N.; Selzer, A. - Left atrial size and
atrial fibrillation in mitral stenosis: factores influencing their
relationship. Circulation, 48: 1282, 1973.



