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ABSTRACT

INTRODUCTION Mitral valve regurgitation (MR) is a common abnormality found on echocardiography
which in its advanced stage is a major cause of congestive heart failure. Cardiac remodeling associated
with MR is caused by volume overload, dilatation and enlargement of the left ventricle and atrium.

0BJECTIVES The aim of the present study was to evaluate hemodynamic consequences of MR both
for the cardiac chambers and hypertrophy.

PATIENTS AND METHODS The study included 1432 patients (mean age 54 +15 years, male — 55%)
with MR recorded in the transthoracic echocardiography database. Associations between the stage
of MR and other variables in these patients were analyzed.

REsuLTS More advanced grades of MR were associated with progressive enlargement of left
ventricular (LV) systolic and diastolic dimensions. LV ejection fraction (LVEF) was significantly de-
creasing with increased MR severity. A significant increase in the left atrial dimension and LV mass
was observed. In multivariate regression analysis the grade of MR (p <0.0001), age (p <0.0001),
endsystolic stress of LV (p <0.0001), LV fractional shortening (p <0.0001) and LVEF (p <0.05) were
found to be independently associated with LV mass. The strongest linear correlations were found
between LV mass and endsystolic stress of LV (r=0.52, p <0.0001), the grade of MR (r=0.32,
p <0.0001) and ejection fraction (r =-0.29, p <0.0001).

concLusions MR alters cardiac dimensions and function parameters and is also one of the strongest

factors that increase LV hypertrophy.

INTRODUCTION  Although occurrence of valvu-
lar heart disease is less frequent than coronary ar-
tery disease or arterial hypertension, it remains
an important clinical issue. Valvular disease is
still a common pathology characterized by a pro-
gressive course which in advanced stages may re-
quire surgical intervention. However, early ad-
ministered appropriate treatment may improve
the patients’ survival and the quality of their lives.
On the other hand, incomplete diagnostic evalua-
tion or inappropriate therapy may lead to chron-
ic heart failure and shorter survival.’

Data from the Heart Disease and Stroke Stati-
stics (2007 Update) of the American Heart Asso-
ciation? showed that in the United States valvu-
lar heart disease causes 20,000 deaths per year
(62% are related to aortic and 14% to mitral va-
Ive defects). Among people between 26 and 84

years valvular heart disease affects 2% of the ge-
neral population with the same prevalence in men
and women. Moreover, valvular disease is one
of the most common causes of heart failure and
sudden cardiac death in this population.

Since when echocardiography was widely intro-
duced to clinical practice, a large population of pa-
tients with asymptomatic or clinically nonsigni-
ficant valvular heart disease has been detected.?
Echocardiography enables the diagnosis of va-
lvular diseases and help determine their causes.
It is also the optimal method for evaluating pro-
gression of the disease and the most useful tool
in qualifying for surgery. The 2006 American Col-
lege of Cardiology and American Heart Associa-
tion (ACC/AHA) guidelines on the management
of patients with valvular heart disease include re-
commendations for the role of echocardiography
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FIGURE 1 Degree of in diagnosis and management of patients with

mitral valve regurgitation
(n=1432)

FIGURE 2 Diameter

of left atrium in sub-
groups with consecutive
grades of mitral valve
regurgitation (n = 1432)

mitral valve regurgitation (MR).4

According to the Euro Heart Survey on Valvu-
lar Diseases the prevalence of MR is the second
most frequent pathology found during echocar-
diographic examination, diagnosed in about 25%
of the study group. The most common valvular
pathology is aortic stenosis present in about 34%
of patients from the study group.®

At least a mild degree of regurgitation thro-
ugh mitral valve is observed in about 20% of pa-
tients during echocardiography examinations.
Its occurrence is similar for both genders and
increases with age.b In the review of 3486 sub-
jects in the Strong Heart Study, moderate or se-
vere MR was found in 1.9% and 0.2% of them,
respectively.’

MR may be the result of a primary abnorma-
lity of the valve apparatus or may be secondary
to other cardiac diseases. Enriquez-Sarano classi-
fied MR in 2 subgroups: with ischemic and other
than ischemic (non-ischemic) etiology.® Accor-
ding to data from the Euro Heart Survey dege-
nerative valvular changes were the most com-
mon cause of MR (61.3%), followed by rheuma-
tic heart disease (14.2%) and ischemic heart di-
sease (7.3%).°
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In MR, hemodynamic disorders result from
retrograde flow of blood from the left ventricle
to the left atrium. It causes volume overload, en-
largement and distension of both left chambers
of the heart and the increase in mass of left ven-
tricular (LV) muscle, which is the result of the hy-
pertrophy of existing cardiomyocytes rather than
hyperplasia. Increasing volume overload in MR
causes myocyte lengthening by sarcomer repli-
cation in series, and increases ventricular mass.
These changes are initially compensatory, but
chronic hypertrophy may be deleterious, becau-
se it increases the risk for the development of he-
art failure and premature death.’

The present paper assesses the relationship
between MR and the degree of LV hypertrophy.
This issue seems to be very important because
of the occurrence of MR in the general popula-
tion and serious clinical implications of cardiac
hypertrophy, e.g. as an independent risk factor
for cardiac morbidity and mortality.'0 LV hyper-
trophy is a predictor of sudden cardiac death, my-

ocardial infaction and heart failure.!-12

PATIENTS AND METHODS Echocardiographic
examinations were conducted from January
1997 to December 2003 in the 2nd Chair and
Department of Cardiology, the Medical Univer-
sity of Lodz, Poland. The analysis included 1432
patients hospitalized in the Department for MR.
In the study group there were 788 males (55%)
and 644 females (45%) aged from 16 to 88 years
(mean age was 54 15 years). Patients with ar-
terial hypertension and aortic stenosis were ex-
cluded from the study. Each patient underwent
full physical examination with blood pressure
measurement on the day of the echo examina-
tion. In the study group a percentage of concom-
itant diseases obtained from a medical history
of each patient was as follows: ischemic heart
disease (68%), a history of myocardial infarction
(59%), heart failure (20%), atrial fibrillation (10%),
chronic obstructive pulmonary disease or asth-
ma (9%), chronic renal failure (8%), a stroke (7%),
thyroid disease (5%). Patients were taking sta-
tins (95%), antiplatelet drugs (acetylsalicylic acid,
ticlopidin) (93%), angiotensin-converting enzyme
inhibitors (89%), B-blokers (88%), long-acting ni-
trates (35%), calcium antagonists (20%), diuret-
ics (25%), antiarrhytmic drugs (13%).

Transthoracic echocardiography with evalu-
ation of all anatomical and functional cardiac pa-
rameters was performed according to the recom-
mendations of the American Society of Echocar-
diography (ASE) with the use of the Acuson Se-
quoia, Acuson 128 XP, Vivid 7.13 The investiga-
tion conformed with the principles outlined
in the Declaration of Helsinki."

The degree of mitral valve insufficiency was
estimated with the 4-grade ASE scale.'® The stu-
dy group was divided into four subgroups accor-
ding to the degree of regurgitation. The subgroup
with the 1st degree of MR consisted of 59% of ca-
ses, the 2nd degree — 27%, the 3rd - 11%, the 4th
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TABLE Selected echocardiographic parameters in the study group

Parameter Study group  1st degree of MR 2nd degree of MR 3rd degree of MR 4th degree of MR
Number of patients 1432 845 386 158 43

Age (years) 54 +15 54 +14 52 +14 57 +16 49 +15
Diameter of LV in systole (mm) 38+10 36 +9 36 49 45 +12 48 +14
Diameter of LV in diastole (mm) 49 +9 48 +8 48 +8 57 +10 62 +12
Systo-diastolic difference (mm) 12 +3 12 +2 12 +3 11 +4 13+7
Diameter of left atrium (mm) 41 £13 40 £15 3945 50+9 58 £12
Diameter of aorta (mm) 3243 32+4 3143 3343 3344
Diameter of right ventricle (mm) 23 +4 22 £2 22 £3 26 £6 307
Diameter of IVS in systole (mm) 13 +2 13 +2 13 +£2 12 +2 13 +2
Diameter of IVS in diastole (mm) 1142 11 +2 11 +2 10 +2 10 +2
Diameter of posterior wall in systole (mm) 13+2 13 +1 14 +2 13+2 13+2
Diameter of posterior wall in diastole (mm) 1142 10 +1 11 +2 11 +2 11 +2
LV mass (g) 238 +83 221 +69 235 77 292 +105 338 +131
Endsystolic stress (10° dyn/cm?) 82 +33 77 +28 78 +31 107 +45 112 50
EF (%) 55 +14 59 +10 55 +14 41418 42 +19
ECG — sinus rhythm (number of patients) 1084 756 264 42 22

ECG - atrial fibrillation (number of patients) 348 98 122 116 21

Values are presented as standard deviation +mean or number of patients.
Abbreviations: EF — ejection fraction, IVS — interventricular septum, LV — left ventricle, MR — mitral valve regurgitation

FIGURE 3 Ejection
fraction in subgroups
with consecutive degree
of mitral valve regurgita-

— 3%. Degenerative changes of the valve were
the most frequent cause of MR observed in abo-
ut 71% of cases. Mitral valve prolapse was diagno-
sed in about 13% of patients. Ischemic heart dise-
ase was the cause of MR in about 12% of patients.
Left ventricular ejection fraction (LVEF) was cal-
culated according to the 2-dimensional Simpson’s
rule. LV hypertrophy was expressed as LV mass
(g) which can be evaluated using the Penn’s equ-
ation: 1.04 x [(IVS + LVEDD + PWT)? - LVEDD? -
13.6], where IVS is interventricular septal wall
thickness in diastole, LVEDD - left ventricular
enddiastolic dimension, PWT - posterior wall
thickness in diastole. Echocardiographic criteria
for LV mass normal upper limits of LV mass are
259 g for males and 166 g for females.?

Endsystolic stress (ESS) of the LV is a quan-

can be plotted against LV endsystolic diameter
to give an index of contractility independent
of loading conditions. It was calculated from
Grossman’s formula by coupling measurement
of blood pressure (cuff method) with simultane-
ous M mode recordings guided by 2-dimensional
echocardiography.

Endsystolic stress [10° dyne/cm?®]=0.334
x SBP x LVESD/PWT x (1 + PWT/LVESD), where
SBP - systolic blood pressure, LVESD - left ven-
tricular endsystolic diameter, PWT - posterior
wall thickness).18.17

RESULTS In the study group patients with
the 1st degree of MR were the largest subgroup
(59%). The 2nd degree of MR was recognized
in 27% of patients, the 3rd in 11% and the 4th
in 3% (TABLE, FIGURE 1). The measurements showed
that in particular the diameter of the left atrium
(mean *standard deviation [SD]) was for the 1st
degree 39 £15 mm, the 2nd - 39 £5 mm, the 3rd
- 50 £9 mm, and the 4th - 58 £14 mm, respec-
tively (TABLE, FIGURE 2). Diameters of the LV were
measured in systole and diastole. The LV diame-
ter was increasing in subsequent degrees of MR
both in systole and diastole (TABLE). Ejection frac-
tion (EF) was reduced in patients with more ad-
vanced stages of MR (TABLE, FIGURE 3). Mass of LV
muscle (mean £SD) was increasing with a rise
of MR degree. In the subgroup with the 1st degree
of MR the average mass was 222 69 g, the 2nd
- 241 £78 g, the 3rd - 292 105 g, and the 4th -
338 £128 g, respectively (TABLE, FIGURE 4).
The multivariate regression analysis re-
vealed that the degree of MR (p <0.0001),
age (p <0.0001), endsystolic stress of the LV
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FIGURE 5 Association
between left ventricular
(LV) mass and endsys-
tolic stress (n=1432)

2 3 4
Degree of mitral valve regurgitation

(p <0.0001), LV fractional shortening (p <0.0001)
and LVEF (p <0.05) were independent predictors
of LV mass. The strongest correlation was found
between LV mass and endsystolic stress of the left
ventricle (r=0.52, p <0.0001) (FIGURE 5), the de-
gree of MR (r=0.32, p <0.0001) (FIGURE 4) and
LVEF (r=-0.30, p <0.0001) (FIGURE 6).

DISCUSSION  Currently, valvular heart disease is
usually diagnosed at the very early stage, in an as-
ymptomatic period, what is related to the de-
velopment and widespread availability of tran-
sthoracic and transoesophageal echocardiogra-
phy."® In the present study patients with the 1st
grade of MR were the largest subgroup, where-
as patients with the 4th grade of MR constitut-
ed the smallest one. It should be emphasized
that in subjects with MR the most important
is an early diagnosis of LV dysfunction and reg-
ular check-up of patients. The watchful waiting
strategy may lead to the necessity of performing
corrective procedures before the development
of chronic LV failure.'® In the study group the dis-
tribution of MR causes is consistent with data
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from the Euro Heart Survey on Valvular Heart
Disease where degenerative valve changes were
the major cause of mitral valve defects, followed
by rheumatic heart disease and then ischemic
heart disease.’

Data from many trials indicate that increased
LV mass is the strongest and independent risk
factor for mortality and morbidity from cardiova-
scular causes.'%20 The present study found a sta-
tistically significant relation between the degree
of MR and the mass of the LV. It was observed
that the LV mass is greater when a greater retro-
grade blood flow occurs. According to the measu-
rements of LV mass the significant hypertrophy
of the left ventricle was observed in patients with
the 3rd and the 4th degree of MR. Increased mass
of the left ventricle in MR is a sign of LV hyper-
trophy caused by volume overload.

Greater LV mass in more advanced stages
of MR is the evidence that this condition has an
influence not only on the left atrium and pulmo-
nary circulation, but also on the left ventricle with
its consequences like a decrease in EF. In the cur-
rent study, lower EF was observed in the 2nd and
more severe stages of MR. It is consistent with
observations presented in the study by Carabel-
lo et al. who revealed that when MR exists even
slightly decreased EF can be a signal of a severe
dysfunction of the LV muscle.! Furthermore, a de-
crease in LVEF occurring as early as in mild and
moderate stages of MR may be primary to ische-
mic etiology of MR — about 12% of patients from
the study group had ischemic etiology of MR.

According to Gaash et al.?' during the transi-
tion from compensated to decompensated MR,
the ventricle progressively enlarges and systolic
function declines. Despite this fact, LVEF tends
to remain “normal” within the broad range. Some
patients experience fatigue, a limited exercise to-
lerance or dyspnea during this transition, but so-
metimes patients may proceed through this sta-
ge with very mild or even no symptoms. The pre-
sent study demonstrated that with the increase
of MR degree the dimensions of the left ventric-
le increased. It indicates that MR has an influen-
ce on the geometry of the left ventricle.

According to previous studies??-2%, the left
atrial diameter over 50 mm should be conside-
red as an indicator of its marked enlargement.
In the present study only in subgroups of pa-
tients with the 3rd and 4th degrees of MR the left
atrium was significantly enlarged. It is an im-
portant observation that leads to the conclu-
sion that a small backflow has little influence
on the function and dimensions of the left atrium.
At the same stage the left ventricle is already over-
loaded - it has a bigger mass and diameter, and
EF is reduced. It confirms that only advanced sta-
ges of MR (3rd and 4th degree) significantly in-
fluence the dimension of the left atrium. The stu-
dy by Gerdts et al.?3 is the first to report that MR
is a predictor of left atrium enlargement which
should raise awareness about the risk of subse-
quent atrial fibrillation.?*
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Using the multivariate regression analysis
the current study identified predictors that co-
uld affect the mass of the LV. It was observed that
statistically significant for an increase in LV mass
were: the degree of MR (p <0.0001), endsystolic
stress of the LV (p <0.0001), LV fractional shor-
tening (p <0.0001) and LVEF (p <0.05). All these
parameters can be estimated on echocardiography.
Moreover, there was a strong association betwe-
en LV hypertrophy and age (p <0.0001). The ob-
servations presented in the current study are con-
sistent with the results of the Framingham Heart
Study?® where LV volume-overload stages in MR
resulted in increased LV dimensions and mass. No
other statistical correlations of LV mass and other
potential risk factors mentioned in previous pa-
pers were observed in the present study.

Limitations of the study Although the analysis
described in this paper was the retrospective
evaluation of consecutive patients with MR li-
sted in the echo database, the authors hope that
a large number of included subjects should pro-
vide reliable data concerning evaluated correla-
tions. Echocardiography was performed by seve-
ral echocardiographists, which may have influence
on subjective evaluation of ultrasound examina-
tions. However, all the echocardiographists were
from one cardiologic center and had a similar ap-
proach towards recording and interpreting ultra-
sound examination.

The key issue arising from the discussed study
is that MR is one of the strongest factors correla-
ted with the increase in LV mass. The study con-
firmed that lower EF and endsystolic stress of LV
are associated with increased mass of the LV. It
also documented that the degree of MR potently
affects dimensions of the left atrium and the LV,
and the parameters of cardiac function.

REFERENCES

1 Carabello BA. The pathophysiology of mitral regurgitation. J Heart Valve
Dis. 2000; 9: 600-608.

2 Rosamond W, Flegal K, Friday G, et al.; American Heart Association
Statistics Committee and Stroke Statistics Subcommittee. Heart disease
and stroke statistics — 2007 update. A report from the American Heart As-
sociation Statistics Committee and Stroke Statistics Subcommittee. Circu-
lation. 2007; 115: e69-e171.

3 Supino P, Borer J, Yin A. The epidemiology of valvular heart disease.
An emerging public health problem. In: Borer J, Isom 0, eds. Pathophysi-
ology, evaluation and management of valvular heart diseases. Adv Cardiol.
Karger, Basel. 2002; 39: 1-6.

4 American College of Cardiology; American Heart Association Task
Force on Practice Guidelines (Writing Committee to revise the 1998 guide-
lines for the management of patients with valvular heart disease); Society
of Cardiovascular Anesthesiologists, Bonow RO, Carabello BA, Chatterjee K,
et al. ACC/AHA 2006 Guidelines for the management of patients with val-
vular heart disease. A report of the American College of Cardiology/Amer-
ican Heart Association task force on practice guidelines (Writing Commit-
tee to revise the 1998 guidelines for the management of patients with val-
vular heart disease) J Am Coll Cardiol. 2006; c48: e1-e148.

5 lung B, Baron G, Butchart EG, et al. A prospective survey of patients
with valvular heart disease in Europe: The Euro Heart Survey on Valvular
Heart Disease. Eur Heart J. 2003; 24: 1231-1243.

6 Singh JP, Evans JC, Levy D. Prevalence and clinical determinants of mi-
tral, tricuspid, and aortic regurgitation (the Framingham Heart Study). Am
J Cardiol. 1999; 83: 897-902.

7 Jones EC, Devereux RB, Roman MJ. Prevalence and correlates of mitral
regurgitation in a population-based sample (the Strong Heart Study). Am J
Cardiol. 2001; 87: 298-304.

8 Enriquez-Sarano M. Timing of mitral valve surgery. Heart. 2002; 87:
79-85.

9 Lorell B, Carabello B. Left ventricular hypertrophy: pathogenesis, detec-
tion, and prognosis. Circulation. 2000; 102: 470-479.

10 Gardin J, Arnold A, Gottdiener J, et al. Left ventricular mass
in the elderly. The Cardiovascular Health Study. Hypertension. 1997; 29:
1095-1103.

11 Handoko M, Paulus W. New statement of the European Socjety of Car-
diology on diagnosing diastolic hart failure: what are the key messages. Pol
Arch Med Wewn. 2008; 118: 100-101.

12 Kannel WB, Gordon T, Offutt D. Left ventricular hypertrophy by electro-
cardiogram. Prevalence, incidence, and mortality in the Framingham study.
Ann Intern Med. 1969; 71: 89.

13 Schiller N, Shah P, Crawford M, et al. Recommendation for quantifica-
tion of the left ventricle by two-dimensional echocardiography. J Am Soc
Echocardiogr. 1989; 2: 358-367.

14 Rickham P. Human experimentation. Code of ethics of the World Medi-
cal Association. Declaration of Helsinki. Br Med J. 1964; 2: 177.

15 Jaffe WM, Roche AH, Coverdale HA, et al. Clinical evaluation versus
Doppler echocardiography in the quantitative assessment of valvular heart
disease. Circulation. 1988; 78: 267-275.

16 de Simone G, Devereux RB, Roman MJ, et al. Assessment of left ven-
tricular function by the midwall fractional shortening/end-systolic stress re-
lation in human hypertension. J Am Coll Cardiol. 1994; 23: 1444-1451.

17 Reichek N, Wilson J, Sutton M. Noninvasive determination of left ven-
tricular end-systolic stress: validation of the method and initial application.
Circulation. 1982; 65; 99-108.

18 Carabello B. Indications for mitral valve surgery. J Cardiovasc Surg.
2004; 45: 407-418.

19 Kannel W. Left ventricular hypertrophy as a risk factor: the Framing-
ham experience. J Hypertens Suppl. 1991; 9: S3-S8.

20 LevyD, Larson M, Asan RS, et al. The progression from hypertension
to congestive heart failure. JAMA. 1996; 275: 1557-1562.

21 Gaasch W, John R, Aurigemma G. Managing asymptomatic patients
with chronic mitral regurgitation. Chest. 1995; 108: 842-847.

22 Grigioni F, Avierinos JF, Ling LH, et al. Atrial fibrillation complicating
the course of degenerative mitral regurgitation: determinants and long-term
outcome. J Am Coll Cardiol. 2002; 40: 84-92.

23 Gerdts E, Oikarinen L, Palmieri V, et al. Correlates of left atrial size
in hypertensive patients with left ventricular hypertrophy: The Losartan In-
tervention For Endpoint reduction in hypertension (LIFE) Study. Hyperten-
sion. 2002; 39: 739-743.

24 Kernis SJ, Nkomo VT, Messika-Zeitoun D, et al. Atrial fibrillation after
surgical correction of mitral regurgitation in sinus rhythm: incidence, out-
come, and determinants. Circulation. 2004; 110: 2320-2325.

25 Levy D. Echocardiographically detected left ventricular hypertrophy:
prevalence and risk factors. Ann Intern Med. 1988; 108: 7-13.

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2008; 118 (9)



